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October 2010: Higgs?

® Just 5 months after the first
/ TeV collisions occurred.
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Lf H=>yy and H=>Zy channels
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LT H=>yy and H=>Zy channels

10000 T T —

> ]
o) ]
(5 | - ]
8 e Dan20tiso0i2 3 1.The SM and the Higgs boson
; L SM Higgs boson mH=126.8 GeV (fit) _|
< T egy  mmmeeees Bkg (4th order polynomial) ]
@  6o00f— —
L : ...... H_)'\{'Y :
4000:— —:
N @=7TerLdt=4.8fb'1 N
2000 — -—
- E=8TevILo|t=zo.7ﬂo’1 ]
O) 500;_ [l [l I [l [l _:
S 400~ =
- E
iC 100E- ¢ =
; oEl , + Jl. + # + + H ¢ . . ¢ &
2 100 § + ? + ¢ + ¢ 3
(@) -200 E- —
o 100 110 120 130 140 150 160
m,, [GeV]
> LIS L I IO L L LA L I 7
S 300 ATLAS Preliminary =
5 = —e— Data 2012 ]
S 250_—+ -
Lﬁ o s A N H-Zy (mH=125 GeV, GSM><20):
200F- =
150 t ¢+ -
- t |
100 .
50 Is=8TeV, ILdt =20.7 fo'!, Z—ee
- i 7195 events ]
O_L J--I"I'-=- 11 I :--F'l'-l. L | I | IJJ 1 _L LI 1 J_ 1 l L L Ll IJ N
25 30 35 40 45 50 55 60
Am [GeV]

Friday, September 27, 13



H=>yy and H=>Zy channels
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2.The LHC and the ATLAS experiment
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3.The H=>yy analysis in ATLAS (personal contributions)



H=>yy and H=>Zy channels

1.The SM and the Higgs boson
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2.The LHC and the ATLAS experiment

Vs=7TeV det =48f0"

Vs=8TeV ILdt =207 f0"

3.The H=>yy analysis in ATLAS (personal contributions)
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H=>yy and H=>Zy channels
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3.The H=>yy analysis in ATLAS (personal contributions)
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H=>yy and H=>Zy channels
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3.The H=>yy analysis in ATLAS (personal contributions)
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L? H=>yy and H=>Zy channels
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1. The SM and the Higgs boson

The Standard Model of particle physics

The building blocks of matter and their interactions through fundamental forces
are described by the Standard Model of particle physics:

e The SM describes the strong, 1" 2" - s S
i everym_y matter exotic matter force particles (mass giving)  standard model
weak and electromagnetic | ~ Vo Vot
interactions in terms of local p % §‘\ 1
gauge symmetries A u p C TR -
e All interactions are mediated by ¢ d " ;
exchanges of particles I\ . 2
4 0.511M ‘ (y i
e Matter is described in terms of : Q,m 3
| /

..............

fermions and forces in terms of
bosons

suojda 9
A\
/

(ageu-pue ge)

D0JO) JRIOM HEIM

5 DOSONS (+1 opposite charged W)

e In the SM, the weak and the 12formins 12
electromagnetic interactions are
unified into a single electroweak
gauge symmetry

The SM has been rigorously
tested agreeing exceptionally well with
results of experiments

Friday, September 27, 13
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1. The SM and the Higgs boson THE HIGGS 1S THE
‘ PARTICLE RESPONSELE

The BEH mechanism and “omiR PhRTIcEe.
the Higgs boson

The BEH mechanism was proposed in 1964 (Higgs,
Brout + Englert....)

e A scalar field is introduced in the SM, to generate a
spontaneous breaking of the EW symmetry. Through * A single neutral scalar
this mechanism, the W and Z bosons acquire mass particle so-called Higgs
boson remains after the
e The scalar field also couples to fermions generating the symmetry breaking

fermion masses
e Before observation, all

Higgs properties
(production, decay rates
and couplings) were a
function of its own yet
unknown mass (mH).

J 4 ""‘--».\k . ; ) /
{ =) D¢ ~U@)— L
\ \ ™ ’ 'l { - F/ ‘“f“ / q.F h
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1. The SM and the Higgs boson

—Xperimental constraints on the Higgs mass

|

10 } 4f l 1 ¥ | A ‘ 'I

3 N 3 BW i) Ee fitterf__,,ig;sﬁ ' Indirect constraints on mH
N 5 3 - |from a fit to precision EW
= o g —
3 R - _ | measurements
g - L —
- | = - _ -
5 | ; | Status of LHC direct s
Je N | ¥ 2o searches by end 2011
3 f_ | 7 Theory uncertainty _f = R -
E_ ‘ | —— Fit including theory errors — " ,
2 : s < 10 A , e -
1 - : ' TheECng Heonreory —j1 = F ]ATLAS Preliminary : 2011 Data |
PP, | Ve . .. ... .7 5 [ B det=4.6-4.9fb“ —
50 100 150 200 250 300 - [ B -1 (,’ A
M [Gev] 5 E:20 =T leN l
o 1h :
Indirect constrains and direct searches left 2 | :

only two regions for the search:
- Low mass region (in agreement with EW fit)
- High mass region (quickly excluded by the 107

R R i . DT YN RSO [V SN (LYW RS WETIL SOPUNE RS0 KLY
LHC) 100 200 300 400 500 600
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1. The SM and the Higgs boson

The Higgs at the LHC

gg Fusion tt Fusion 10°E | — T 3%
g K%a =3 g - \'s=8 TeV - s
" \ v 55 10 i | %
) i e H N i i H — -
[ - y 4 T B ]
” Q i _
~_ 2
(@' (.@@‘ e % © 15 =
g g - .
Higgs-Strahlung . WZ Fusion - .
q §§ - ‘/\\// 107 E
§\ )2 i
............... e Ko H 2l |
= '\'Jtlj , 1 O = 1 1 | 1 ] ] ] ] ] ] =
s 80 100 200 300 400 1000
| /\ M, [GeV]
q “H q

e Main production through gluon fusion (mainly proceeds through top quark).

e \/BF WH, ZH and ttH, follow in order.

Friday, September 27, 13 9



1. The SM and the Higgs boson

——.
—

Higgs decays

Uncert [%]

—
Q

LHC HIGGS XS WG 2013

tt

¢ In the low mass range the H=>yy anad
H=>/y decays have a small BR in the order

Higgs BR + Total
o

of 103

10° E

e H=>yy was one of the most promising for N -

Higgs search in the low mass range, due 4 1
to a clean signature to discriminate QCD 10 50" 200 300 400 1000

backgrounds. My [GeV]

H=>yy and H=>Zy, a window to
S | new physics:
‘ Y Decay via loop processes, any

W Z, Y —

“the Higgs could contribute to the
loops and change their relative |

Friday, September 27, 13 10
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2. The LHC and the ATLAS experiment

The LHC

® Circular tunnel 27 km
circumference located on the
Franco-Swiss border.

® Proton - proton collisions at a
center of mass energy of 7 TeV
(2010-2011) and 8 TeV (2012).

® WO general purpose
detectors (ATLAS and CMS )
with the main task of searching
for the Higgs boson and new
physics.

Friday, September 27, 13
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2. The LHC and the ATLAS experiment

The ATLAS detector

Muocn Detectors Tile Calorimeter Liquid Argon Calorimeter
' i ' |

Nealr:r}o.

Solenoid Magnet Pixel Detector

'.

Toroid Magnets SCT Tracker TRT Tracker

Proton

.
Neytron | £
- ¢

EMCAL, ID and MS are relevant \ /

for the analyses of this thesis, , ==
I’ll focus on the EMCAL. o

,
1
\
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2. The LHC and the ATLAS experiment

ATLAS data-taking in the LHC Run |

_— _— | e | HC Run I finished after 3 years in February 2013.

) 35?ATLAS Online Luminosity *
0 e - Very good LHC performance:
Beh E=URmarsilo - —Integrated luminosity delivered in 2012: 23.3 fb
2 20" 1 — Peak luminosity achieved: 7.73 x 1033 cm 2 s 1
e f :
T 15| :
s - At the cost of:
10§ _ -Larger probability of producing separated events
*E 3 in a single bunch crossing (so-called pile-up
0" I | 1 | '
yan e 5 . events).

Month in Year

The ATLAS detector operated
producing very high data quality.

\ A ~'\:\Lk-{—‘t\:‘-;-\’“,' \:\\’{"~
Z = event candidate with 25
reconstructed vertices
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3. The H=>yy analysis in ATLAS

The H=>yy analysis strategy

e Based on the diphoton invariant
mass (Mmyy) as the main
discriminating variable, which is
built with a photon pair with well
measured energies and directions.

e [he myy spectrum is scanned

from 110 to 150 GeV, looking for a
narrow resonance over a large
smooth monotonically decreasing

QCD background.

Friday, September 27, 13

Events / 2 GeV

Events - Fitted bkg

¢ [he background is mainly
composed of QCD diphoton

production yy (irreducible ~75%),

followed by reducible y-jet and di-
jet (~25% combined).
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3. The H=>yy analysis in ATLAS

The H=>yy analysis strategy

e Based on the diphoton invariant
mass (Myy) as main the main

discriminating variable, which is

puilt with a PNOtoN pair

with well measured 3
energies and directions:
e [he myy spectrum is scanned from
110 to 150 GeV, looking for a
narrow resonance over a large <
smooth monotonically decreasing £
QCD background. 2
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¢ [he background is mainly
composed of irreducible yy

(~75%), followed by reducible y-jet
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Inner detector and EM calorimeter

LAr hadronic
end-cap (HEC) -
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A ¥ . :
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. RS

LAr electromagnetic
end-cep (EMEC)
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Inner detector

The coordinate system

n = —In(tan(0/2))
ID end-plate 35,12 , 5
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ID 3 sub-detectors

O Transition Radiation Tracker:
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micro-strip detector |n|<2.5 T
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D

!’ The EM calorimeter

EMCAL: Sampling calorimeter

O Lead absorbers + liquid argon as ionising medium

O Accordion structure : excellent uniformity

Back : correct for shower energy leakage beyond _

calorimeter

Middle : collect most of shower energy,
Front : precise n measurement, y-1i0 separaton ——

Pre-sampler: (|n|<1.8) : flat, no absorber
control energy losses before calorimeter

o/E= a/\/

—® b/

Cells in Layer 3
A@xAn = 0.0245x0.05

—® C

a : Stochastic term: fluctuations related to the development of the shower (around

10% in the barrel).
D: Noise term:Negligible at high E.

c: Constant term: contributions that degrade the energy measurement and are
independent of the energy of the incoming particle. Dominates at high E.

Expected to be 0.7% in the barrel.
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The EM calorimeter e 77 00

solenoid coil

Al c:yosmt Presamoler
warm wall 4 . <

i Al cryostat
4 walls
4 warm

Amount of material upstream of the
calorimeter (radiation length Xo)

’ ’
- 4 —_

Pngmm) Po(1.1mm) -
,._,,,__-.__A,,,L_/ 2100"\/)(0 265cm/XO i Gt et -
depends on N: mr———— A
I W
-V U SN———— 1m ([ L
ad - ATLAS Bl Services - @‘ | 4%
e e 3 2! ‘ ]
S 2.5 Simdlation : B TRT = [ENT I ————
g F I B scr : )NNEd DETECTOR
c © ) Pixel = ; P | n=3.2
S 2 []Beam-pipe  —] "_h.‘_ B g
..g E X 145 ===~ Extra material ]
3y [ -
£ 1.5 -
= 7 i
1-_ X |
E D |_u0.05:uuuu||||||uuuu||||.|....|.:
o « B0.045E  m codiy eATLAS grelirlr\i?ary_f
5 0.04; A 100[eV imulation —f
2 - Y 200GeV =
0.035F * 1oojeev =
ml 0.03F : . "° =
= ° =
0025E | ...‘. ...C‘. =
. , 0.02® g 0 @ ® 00 nl A ¢ —
Affects directly the energy resolution. 0015Mamnnmutta®® 4 v "ammaa_ c
. ; . _lAAAAAAAAAA::V *7¢AAAA¢3 g
From MC, in |n|<0.6 range: % oot 138 I IINL TIypinl, S
- - 0.005F —
- Better than 1% for high energy photons. T DO

o
o
&)
—h
—
(&)
\V)
N
(&)

- ~2% for a 25 GeV photon
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Photon reconstruction

v Photon and electron reconstructions use |-track converted
a sliding window algorithm: . photon
Find seeds with Et > 2.5 GeV

* 2-track
v There are three types of photons: converted
photon

- No ID track matched to EM cluster:
Unconverted photon (“Unconv”).

600IIII|IIII|IIII|.IIII|IIII|IIII|IIII| IIIIIIII |IIII
ATLAS work in progress

Is =8 TeV, j Ldt =20.7 fb”

+

- EM cluster matched to two ID tracks from a

. 500
cOmMmMmMon CONVEersion vertex:

Events/ mm

Converted photon with two reconstructed AQOQF~ 4 Data1 trk conv. photon Plot from my —
tracks (“2-track”). [ ] Mz, 1trkconv. photon . Z—lly studies -
300 —@— Data 2 track conv. photon
. . o . |:| MC Z_,, 2 track conv. photon
- One single track with no hit in the first ID 200 A

layer is matched to the cluster:
Converted photon with one reconstructed 100
track (“1-track”).

A
[ ]

100 200 300 400 500 600 700 800 900 1000

Conversion radius [mm)]
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Photon reconstruction

v Photc
a sliding |

|

v There |
- No |l
Unconwvi
-EM c
common
Converte
tracks (“
- One sirn
IS matchg
Convert

Due to the amount of upstream material the probability of
conversion depends onn.

Nph_conv/ Nph_total

O.7_I T T LI LI | LI | LI | LI | LI | LI | LI | LI LI T T L
- ATLAS work in progress .
0.6 __
0 55 e gataMC \s =8 TeV, j Ldt=20.7 fo ' 7
g eer Transition g
0.4 5 Forward-Barrel * B
0.3 N Eﬂd Ca ap
Central-Barrel 0 J
0.2 X N
0.1 E
O:I b v b b Iy Ll L :

0 0.20.40.60.8 1 12141618 2 22

track (“2
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Plot from my
Z=>ly S|e

!’

M- gyl

100 200 300 400 500 600 700 800 900 1000
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—nergy reconstruction

v The cluster size is different between electrons and photons and calorimeter regions
A A A

o ® | ¢
\ End-Cap —

«— Barrel

> ‘ > >

N
v' A high voltre]tge creates an electric field that rg{llovvs the drifting of ionisation electrons
in the LAr gap creating a signal current with is is collected in the electrodes.

Readout electrode / Absorber

External copper layer )
Kapton
Internal copper layer j—- {

Kapten
Extrenal copper layer

Glue

v Total \énergy In the cluster is calculated from the energy in the individual layers.
This inter-calibration is extracted from dedicated MC simulations.
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—lectron calibration

® Electrons from Z = ee are used to EM scale ong
data (in-situ calibration)
Compares the Z peak in data and MC
- Corrects the data energy scale (ES) for non-
uniformities (within 1% in the barrel)

Events / 1

200
180
160
140
120
100

80

60

- From differences in the peak resolution (data and #°

MC) the constant term in data is extracted
(~1% in the barrel, up to 3% in the end-caps)

20

ATLAS Preliminary

6,,,=1.76+ 0.01 GeV
Gy =1.59 % 0.01 GeV

gae

Data 2011, \'s=7 TeV,

JLdt =46 fb"

m|<2.47

- Data
— Fit result
[JZ—eeMC

105 110
Mee [GEV]

100

Constant term

0.02

0.01

CERN THESIS 2012 144
2011 data

lllllllllllllllllll llllll llllll

llll 11 L1 1

ATLAS internal”

l 111

VX

v =2 =15 = 40D 0 05 T " 2
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-0.04
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1
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Photon calibration

>  200F T e
® Flectrons from Z = ee are used to EM scale ong g ATLAS Preliminary

data (in-situ calibration) 160 Data 2011, \'s=7 TeV, det=4.6 fo
140F_ Ccaa=1-76 £ 0.01 GeV
COmIOareS the Z peak iIN data and MC 1 20F. Owc =159 0.01 GeV

- Corrects the data energy scale (ES) for non- 100
unn‘ormmes (within 1% in the barrel)

Events / 1

m|<2.47

—-Data
— Fit result
] Z—eeMC

MC) they The photon energy scale IS cahbrated usmg the Z-> ee in- SI’[U
(~1% in . scales, with systematics for e-y differences estimated from

=anh dedlcated MC S|mulat|ons

: : S R : : T_ﬁ-_—m - Sean - / —— Y o .. - .................. p—
J0R] S e— |L .......... - Constant term s L — | ’ !

|

I

Constant term

i CERN -THESIS-2012-144 L] i | o from M., 2011 | !
i I : 201 1 data 'TIT . | 0.02 __ ......... . ........ ,+ ................. ,. ........................ .................. _—
I : i . . - | T 48 SN TR | ﬁ 3

L s B o B L s e [ et om e | e B
= - 0 RNl S S ;.r-—i’_,:fﬁ*u’:. ............ > v Dol l" ...... ‘ :’ ................ —
B 7l | [J P e o il s R _
__.__ _:_‘_— - L ' >

SFUEE S R | -l P ik 18 4 | I mlg d
0.01,_ ........ I .............. I .............. . .......... 1:_19—.'-+__-_'.l ......... - B Energy Scales 5 { i

4 L i N Lorenzo thesis Sept 201 3 g

; + ATL AS mternal LR S B i e s i

%11111111111111111111 111111 L1 11 11 1 B ATLASIthernal B

25 -2 15 -1 05 0 05 1 15 2 25 s T ] Y e T AN A G 0 il - I N O G
-2 -1 0 1 2

n n
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3. The H=>yy analysis in ATLAS

1’
The H=>yy analysis strategy
|
® The background is mainly
e Based on the diphoton invariant composed by irreduciple yy & (pb)
mass (myy) as the main discriminating (~75%), followed by the reducible 1™
variable, which is built with a photop v=lef and dl-1f (=28 %). -
pair with well measured energies a.  Photon identification and "
directions. isolation techniques 108
suppress fake photons 4 10°
comina from iets. onm -1268Gev (i) ] 10"
e [he myy spectrum is scanned froms_ 8 J J rpolynomial 3 4
110to 150 GeV, looking for a narrc = £ T oy E 110;
resonance over a large smooth oo 77w [t ase ]
monotonically decreasing QCD T s-sTev L2071 B Eiind 4 4

background. g e = 102
3 = 107

EOWE t b, 4N ; E

' o ' ¢ ¢ S

A AR

0 100 10 120 130 140 '1505'[('5(;\}_]60
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3. The H=>yy analysis in ATLAS

The H=>yy analysis strategy

* The background is mainly
composed by irreducible yy

(~75%), followed by the reducible
(~25%).

e Based on the diphoton invariant
mass (Myy) as the main discriminating
variable, which is built with a photon

pair with well measured energies and
directions.

how IS It
4 modelled? |
Q Jata 2011+2012
g SM Higgs boson mH=126.8 GeV (fit)

--------- Bkg (4th order polynomial)

e [he myy spectrum is scanned from
110 to 150 GeV, looking for a

Nalrrow resonance over a 2000

large smooth monotonically
decreasing QCD background.

H—yy

Y4
~
“a

Ldt = 20.7 fo'

Vs=7TeV ILdt 481"
~ Vs= 8TeVI

Events - Fitted bkg
> o83

|_|.if_u<|3<|bc|)c|>||| [TTT[TTT]

——

| ——

SN |

| —o—

-

| ——

| —e— :

I .- 1 ]
i " | ]
.- L ]
By | ]

N | ]

. A P N AN RN NN
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3. The H=>yy analysis in ATLAS ————————
Signal mass, strength & =
and significance

° Data 2011+2012
SM Higgs boson mH=126.8 GeV (fit)

--------- Bkg (4th order polynomial)

H—yy

4000

Statistical
significance

In a discovery logic the Resolution
IS fundamental to quantify the

300 &

statistical significance of the signall E
2 -108
o 200 E
. v . m,, [GeV]
In a properties measurement logic:
?D)10000:—"""""A_"_LAs'""""""""—E ?1610000:_'”"””'#1'1;43" T T _:
X 000 ®  SMTiigos boson m ~126.8 GeV (1) ] N oo * DEmROIL20I2 eV in—
g T ey mmemeeses Bkg (4th order polynomial) 7 % L T, Bkg (4th order polyﬁomia.l) i
Q  e000— —] S so00— —
- - TRE sl - L B Hosyy .
4000 — \ ] 4000|— ' —
- S=7T9VJLdt=4-8fb'1 s - - s=7TeV Ldt=48 1" , .
T E=8Tevﬁdt=2°'7fb_1 ' Peak position 2000_@=8T6V{Ldt=20.7fb1 Observed
g E B
T owE toes b, ‘= E o
2 '1°g;+ t + + H +h+ E 2
%’ 200 = § -200
Ll 100 110 120 130 140 150mW [Ge\}]60 T 1
Peak position is a fundamental The yields are fundamental to the
input for the mass measurement!  measurement of signal strength (u) wrt the SM |
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3. The H=>yy analysis in ATLAS

Signal invariant mass

Mo, = \/ 2ELE2 [cosh(ny — ng) — cos(d1 — ¢9)].

%J O.ng—llll R o Illl_f |0'1§‘—'"'l""I""I"Té“"[""]"rr]‘rm_g

2 - = E S -

O 0.08 = ® '='~. .

o _ = = — 3

. 0.07F = 2| : = .

= U ; 02 @ 5

S 0.06] 3 = > :

z F - L q’)@ :

z 0.055_ = 0%k o) _5

= 0.04F E = 0 :

0035— E B @‘b -
F - (N

- - 0" E =

0.02F - :

0.01 = :

I - . 5t :
05 110 115 120 125 130 135 140 145 105 140 145
m,, [GeV] my, [GeV]
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3. The H=>yy analysis in ATLAS

Signal invariant mass

The signal invariant mass at a fixed mH is modelled with a function of three components:

0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

1/N dN/dm,_ /0.5 GeV

Friday, September 27, 13

- Gaussian core . __y,  Crystal Ball function
- Leakage tails

- Outliers ——»  Wide Gaussian

| I I | | I I | L | L “ L L | [ L L L

ATLAS simulation Core
work in progress uCore,oCore

" oCore = 1.7 GeV

H—=>yy

my, = 125 GeV Typical resolution |
e T ininclusive |
eakage Tails | sample |

alaill ,nTall

Quitliers
uOutL,oOutL

905 110 115 120 125 130 135 140 145

m,., [GeV]
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3. The H=>yy analysis in ATLAS

scanned from 110 to 150 P

{
The H=>yy analysis strategy
|

e Based on the diphoton invariant e The background is mainly

mass (Myy) as the main discriminating composed by irreducible yy

variable, which is built with a photon (~75%), followed by the reducible

pair with well measured energies and y-iet and di-jet (~25%).

directions.

s -

e The myy spectrum is : how? <hiis":

~ Vs=7TeV JLdt =481’

GeV, looking for a narrow  # w770
resonance over a large

smooth monotonically
decreasing QCD

background. & R m, GV

/

DO =
400 E =
300E
200 E
100E

El

-100 E
200 E

Events - Fitted bkg
T
—e—

——
A
——
—
——
}
—.—
_._
+
_._
_._
bl
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3. The H=>yy analysis in ATLAS

Likelihood function

* A likelihood function is built: Myy

k
(data|,u (9) — k1 ,qu )+ be( {;—(HS-I-B)

/

S and B are the total
expected signal ana
observed background
events.

Signal strength: a
scale factor on the
number of signal
events wrt the SM

Signal and background PDFs
as a function of the myy

The compatibility of the data with hypothetical values of y, is evaluated through a
test statistic, based on the profile likelihood ratio (CLs method).
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3. The H=>yy analysis in ATLAS

Likelihood function

e A likelihood function is built:

B o — — - —

\ Background model fo(myy): J

|
'One function for the whole

Data 2011+2012
SM Higgs boson mH=126.8 GeV (fit)

Events / 2 GeV

Events - Fitted bkg
|_T_3_CLI$|H?HTT|||||||I|III|III|II|
——

——
_.__
——
T
—o—
——
[ ]
L . 1
.._
- _._ .
_._
_‘_
| | nﬂT||||||||||||||||||||||| L1 1 | L1 1 | L1 1 | L 11 | L1 1 |

| maSS raﬂge . e ey e Bkg (4th order polynomial)
Numﬂ ...... H-yy tOtal
1 the The models usually used are a [ T . land
single exponential,exponential (5=8Tov [Lot=20.7 1" Ints.

of a polynomial or a high order
polynomial (4th)... and is
extracted from data.

test statistic, based on the profile likelihood ratio (CLs method).
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3. The H=>yy analysis in ATLAS

Likelihood function

e A likelihood function is built:

| — — ]
— SN w VN PFNDY-CET0S BV PN S -V P —— ’7
£( | Signal model fs(myy) : i ==
| =
| As for the background, we need a signal model valid in the | 3
| 110-150 GeV range. =
fo(m 3 lota
Numld usef The signal MC samples are generated in 5 GeV mH steps, | = |
. . . . . . | 3 |and
nthe exp{  therefore an interpolation of the invariant mass PDF is = s
pol needed. |
POl

The compatibility of the data with hypo%etical values of |, is evaluatedrthrough a
test statistic, based on the profile likelihood ratio (CLs method).
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3. The H=>yy analysis in ATLAS

Global resolution model

® [he global resolution model is an

analytical function of mH, with a full 107 oCore =1.85 GeV
description of the signal in the whole 028 A=
mass range. 0181 E
0.16:— =
0.14:— =
0.12F E
e Resolution follows a “self-similar” 0.1 —
dependence with mass, i.e. its core 0.08- E
peak is displaced with mass, its width ggj: :
scales monotonically with mass and 0.02F- / E
-/ | -

tails are mass-independent. T T T R T VT B T BT

m,, [GeV]

©
o
\ —h
o
S

oCore =1.40GeV

The parameters depending on mH are identified and both global and
mass dependent parameters are extracted from a simultaneous two

dimensional (Myy vs mH) fit to the MC samples.
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3. The H=>yy analysis in ATLAS

Global resolution model In summary: An analytical

function of the mass with a

Mass dependent parameters: reduced number of free

parameters that describes

oCore (mH) = oCore(125 GeV) + Aocore X (MH - 125 GeV) the shape at all mass

Typical value 10 MeV/GeV points.

ApCore (mH) = AuCore(125 GeV) + Aucore X (MH - 125 GeV)

0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

pad

work in progress

H—yy
m, = 125 GeV

CP category 0
Non-categorized

Global
parameters:
alail , fCore,
nTail

III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III

lllllllll

__IIIIIIIIIIIIIIIIIIIJII/
ATLAS simulation

oQutlier /oOutlier

Qutlier = pCore

/

ol ¢
© -

Lo v el

Probability Density (a.u.)

(N

and

Co

05 10" 115" 120 125 130 135 740" "Ta5
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3. The H=>yy analysis in ATLAS

Global resolution model

0_152_ ATLAS simulation *ﬁ

Probabilty Density (a.u.)

"FWHM = 3.6 GeV|

> >
© | ®  0.09:
O - work in progress 4+ O - work in progress ¢
o . , Ocg=149Gev | 5 008 ‘
=~ 0.08:-- Hovyy . |~ o7 H=M !
& ~ my =110 GeV - 1.509 1 F N my=120Gev .
S , 0653_ s =8TeV - oy 4+ B 006: is=8TeV '
S Ok Allgg =347 MeVTi 2 4 05! L
p - | . b = E .
= 0.045 Inclusive fcg =92.70% - = 0.04:- Inclusive ; :
ok .o | 0.03i: ;
002/- P L o2 :
- S i 0.01: .
L:eéMQ=M:__-_---L------MG : edase-dochasesobudeotes. “':.-.. -------------
%O 95 100 105 110 115 120 125 130 ?OO 105 110 115 120
m,, [GeV]
> 0.09:- ATLAS simulation ¢  FWHM = 4.0 GeV- " ATLAS sSimulation %,
O - work in progress ¢ : )8/z- work in progress 4t
©  0.08: g = 1.67 GeV :
i 4 - )7 H ¢t
~. 0.07} H%W y : = Hoyy
S © my=130 GeV Or. = 1.509 | © =140 GeV '
= 0.06!- s ¢ CB Zi )6 - ¢
oS Y0 vs=8TeV o - w8 =8TeV
% 0055 é + AHCB =-371 MeV: i )5%5 ‘ ¢
< 0.04{ Inclusive .+ fe=9270% - Y4 Inclusive o T
003, - - - ~
0.02 ! ; i )21 J
0.01 g 01}
9 _.M_.:._. _______________ ._ 000009000060000600000000- 00- Bobost ;| QE_: Wﬁ. _______________
10 115 120 125 130 135 140 145 150 20 125 130 135 140

- ATLAS simulation *

"FWHM = 3.8 GeV
ocg = 1.58 GeV -
=1.509
uCB =-359 MeV
fog =92.70 %

4.0

R TESTTIE 40

m,, [GeV]

m,, [GeV]
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FWHM = 4.2 Gev

6. =1.76 GeV
ocg = 1.509

uCB =-383 MeV
fog =92.70 %

L.

JAETTES TR0

m,, [GeV]

Validation of
the global
resolution

model:
PDF slice
superimposed
over the MC at
different mass
points.
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3. The H=>yy analysis in ATLAS

Analytical function of the yields

Reconstruction efficiency increases with mH, the XS and BR are functions of mH.
The expected yields are parameterised with a third order polynomial.

My~ —125GeV)3
(25GeV)3

r r ; Mm~~—125GeV M~ —125GeV)?2
N ('”'}"7‘) e ‘\‘I‘ZSGO\" [1 o2 /\lin( oBGeV : o /\sqrt( 7(725@,@\?)2 : + )‘cubic(
— TET T '
E B Ww
qgg — H VBF WH ZH ttH Total 8 [
my [GeV] | (%)  New | £(%) New | €(%) Nt | (%) New | 6(%) New | Nov S, | o
110 337 1003 ] 344 7.3 [298 37 [294 21 [27.2 06 [1140 0 N 77
115 355 1035|361 7.9 | 305 36 |323 20 |278 0.6 | 176 B ‘ |
120 371 1033 | 38 82325 341(328 20[203 06 |1174 L [ c
125 382 9996|395 82 338 314|341 18|27 05 1137
130 390 938 411 8 [351 28 (358 16| 31 05 |1067 D107
135 04 849 | 422 751|356 24366 14(321 04 | 967 S ¢
140 409 737|429 68 368 20367 12323 0.3 | 840 Ic—” -
145 415 604 | 432 57378 16 /383 09 (335 03 | 689
150 416 451 | 446 4.4 381 1.1 (390 07340 02 | 51.6 10° |
uy \
10% 5o 200

Friday, September 27, 13

|| | | | |||||
LHC HIGGS XS WG 2013

I1000
M, [GeV]
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3. The H=>yy analysis in ATLAS

Categorisation

e Fvent categorisation increases the sensitivity of the search for a potential signal.

e |dentify sub-samples with different discriminating power (i.e differences in
resolutions and signal-to background ratios).

Good resolution, Bad resolution,
less effective » more effective
background. | _ background.

More sensitivity & Less sensitivity.

Good S/B.
More sensitivity.

Bad S/B.
Less sensitivity.

M My
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3. The H=>yy analysis in ATLAS

Signal shape for conversion categories

e First ATLAS result (2010) was an
Inclusive analysis due to the low
statistics (ATLAS-CONF-2011-004).

Unconverted y =0
1-track conv y = 1
2-track conv y =2

e With the increasing statistics in the O categories

2011 dataset, categorisations were
investigated. Yiead(2) Yiead(2) Yiead(2)
subl (0 Ysubl (1 Ysubl (2
e | investigated the resolution and 7ouol© v )
calibration of the different types of
photons (Unconverted, 1-track Yiead(1) Viead(1) Viead(1)
converted, 2-track converted), by
. . Ysubl (0) Vsubl (1) Ysubl (2)
studying the signal mass shape for
different categories based in
conversion status Yiead(0) Yiead(0) Yiead(0)
Ysubl (O) Ysubl (1) Ysubl (2)

Friday, September 27, 13
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3. The H=>yy analysis in ATLAS

Signal shape for
conversion categories

0.09::-

.= work in progress ¢ :
0.08:: ' :
OO7§§- H—yy ¢ OCOre
s mH=120 GeV ) -
006 s=8Tev =+ 7
0.05:: .o
0.04 :
0.03i:

0.02;: ;
o.o1§§ %
dook ood ““.’ft-'-.'-'..'-..-'-.'-'.:M
06~ To5™"T70 115 120 125 130135
m,, [GeV

Small cCore= @
Large OCore:®

Friday, September 27, 13

Subleading photonconv-stat

N

o

Ylead(2) Ylead(2) Ylead(2)
Ysubl (0) Ysubl (1) Vsubl (2)
Ylead(1) Ylead(1) Ylead(1)
Ysubl (0) Vsubl (1) Ysubl (2)
Ylead(0) Ylead(0) Ylead(0)
Ysubl (0) Ysubl (1) Ysubl (2)

1.97 GeV 2.23 GeV

1.84 GeV 1.92 GeV 2.06 GeV

1.87 GeV

2

Leading photon conv-stat.

which is the worst category).

Category with the best resolution is the 0-0 (about twice better than 2-2

2.1

1.9
1.8

1.7
1.6
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3. The H=>yy analysis in ATLAS

‘ + Signal shape for
! conversion categories

0.09:- : .
i work in progress ¢
0.08::- Le
- Hoyy P
007" m —120Gev
0.06}:- ys=8TeV ¢

0.05- .

0.0452- /
0.03- -

0.01:

R L e . E
00 105 110 115 120 125 130 135 140

Large aTail = ©
Small aTail =&

ATLAS simulation *

m,, [GeV]

Subleading photon conv-stat.

N

o

® The 0-O category is almost gaussian.
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1

Ylead(2) Ylead(2) Ylead(2)
Ysubl (0) Vsubl (1) Ysubl (2)
Ylead(1) Ylead(1) Ylead(1)
Ysubl (0) Ysubl (1) Ysubl (2)
Ylead(0) Ylead(0) Ylead(0)
Ysubl (0) Ysubl (1) Ysubl (2)

2
Leading photon conv-stat.
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3. The H=>yy analysis in ATLAS

‘ + Signal shape for

conversion categories

Ylead(2) Ylead(2) Ylead(2)
Ysubl (0) Vsubl (1) Ysubl (2)
Ylead(1) Ylead(1) Ylead(1)
Ysubl (0) Ysubl (1) Ysubl (2)
Ylead(0) Ylead(0) Ylead(0)
Ysubl (0) Ysubl (1) Ysubl (2)

TYrr [Ty

Conclusion 1: Resolution S
B services
2.5~ Simulation \ E ::

B Pixel

[} Beam-pipe
fn % *oo Extra material ]

4 » Following these results and

3 considering that central photons
have better resolution due to less
upstream material. A category with
two unconverted central photons
IS set.

Small aTail =&

Radiation length [X ]

1

2

Leading photon conv-stat.

® More gaussian category 0-0 against 2-2 with more pronounced tails.
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3. The H=>yy analysis in ATLAS

MC converted photon
energy scale (ES)

out of
cluster

Sources of energy loss can affect the two types of
converted photons (1 or 2-tracks):

Front energy loss due to the amount of upstream
material before the calorimeter.

Out-of-cluster effect: caused by the magnetic field,
makes the separation between the ete™ pair larger than
the sliding window used for the cluster reconstruction R S
(affects early conversions and mainly 2-track photons).
©)
The EM cluster reconstruction and calibration treated both 1-track and 2-track
converted photons in the same way.

A calibration algorithm was built to correct the energy of converted photons.
The algorithm uses the photon pseudo-rapidity, the calibrated energy and the radius of
conversion, and returns a factor to obtain an improved calibration.
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3. The H=>yy analysis in ATLAS

’ + MC converted photon ES:

. Py — P
L N
Calibration performance phr

w— Unconv.

<A> vs Pt, in four representative regions of the calorimeter:

e {.rack conv,

e Before correction:
Barrel-Central Barrel-Forward Transition End-Cap
-~ 2 g{ L ol aaaad Mot Mot Mot Manad aasayd o 3
5§ 0.20 <nl< 0.3 5 §1.52<nl<1.60{ 3
¥ A 0 -y
-1 .-l-'
2
3
-4
5
-6 30 40 50 60 70 80 90
30 40 50 60 /0 80 90 Pt [GeV] Pt [GeV]
Pt [GeV] -
After correction:
3 2 _ it i e b i 1 )
5 1.20 <Inl< du3 5 2.00 <nl< 2.1
O e — v

30 40 50 60 70 80 90

T80 40 50 60 70 80 90
Pt[GeV] Pt [GeV]

30 40 50 60 /70 80 90

PtIGeVI Pt [GeV]
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3. The H=>yy analysis in ATLAS

MC converted photon
Calibration performance

¢ [est the impact of the improvead
converted photon calibration on the

H=>yy invariant mass.

e [he two extreme cases are tested, when
the two photons are either with 1-track or
2-track conversions.

¢ 1-track case: the resolution improves by

4%. ©)

e ?-track case:the resolution improves in
2% and the leakage tails are reduced by

7%. @
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0.02
0.018
0.016
0.014
0.012

0.01

rojection of mggPDF

P
o
o
o)
o)

0.006
0.004
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M(I-track conv.)

\

wt
Tt

1 1 1 | 1 1

| T T T T
‘A —No corrected

----- Corrected

o

o1

110

115

[ T R
120 1

25 130

(:;-III|III|III|III|III|III|III|III|III|III|I
(@)

Projection of mggPDF

M(2-track conv.)

*
'ﬂ

-
-
-
— = =
=

110

115
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120

----- Corrected

105

P R R
130 135
Myvv [GeV1
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3. The H=>yy analysis in ATLAS

*'J MC converted photon ES:
Calibration performance . . e
n& 0.018 -track conv. :_r ‘— O correcte
e Test the impact of the improved Eoote- AT Corrected

converted photon calibration on the

rojection of
o
<
N

H=>yy invariant mass. 0.01 =

% 0.008 =

0.006 —

* The two extreme cases are tested, when 0.004 =

the two photons are either with 1-track or 0.002 RN E
2-track conversions. P05~ ~T10 115 120 125 130 135

Myy [GeV]

* 1-track case: the resolution improves by .

0 LL - L L L L ':

4%. @ DD& 0.014 M(Ztrack conv.) f1}. ——No corrected ]

& 0.012F ‘ Corrected 7

e 2-track case:the resolution improves in 2 o ]

2% and the leakage tails are reduced by 2 ]

7% @ GO_-’. 0.008:— B

' % 0.006 =

, . 0.004 |~ -

e Difference in the mean value between 1- - :

0.002— —]

track and 2-track decreases from 1.5 - T
GeV to 500 MeV. (O P05 1101520125 130 135

Mvv [GeV1
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3. The H=>yy analysis in ATLAS

‘ + MC converted photon

-S:

Calibration performance

e [est the impact of this converted photon
Invariant mass.

calibration on the H=>

| Conclusion 2: Calibration

e The
AERY - After these studies the
ERIEEN calibration for converted

photons is adopted in the

JRIE H—>yy analysis.
4%. ‘

- Differences between 1-track

PRIEY -\ o_track converted ohotons
LELE ore reduced by the calibration.

~Therefore they are merged into

° Dn‘fer ‘one category.

track e e PSS ESITONT I oTet

to 500 MeV. @

Friday, September 27, 13

‘A — No corrected 3
L Coneaetcd

- Same as with the resolution
(Conclusion1), categories in
detector regions are set.
(Good, rest, Bad).

LRI I I I I I I I L L R R

- ATLAS work in progress .

61 ] 135

- -~ Data (s=8TeV, J Ldt=20.7 fo'' ] |

5 DzeeY MC ) [GeV]

- electron channel ]

0.4— ]

- rest Bad : ]
0.3F- ] ected -
0-23—("'000I pcted -

= . ] \ -
0.1 . | E

O:I 11 I 111 I 111 I 111 I 111 I 111 I 111 I 1 111l I 111 111 I 111 111

0 02 04 0608 1 1.2 1.4 1.6 1. . | -

= = - _ = = = — — = —
» .
- . . —
0.004— ! ; -
. U .
— . . —
. .
- . . —
*
— ° I‘ —
*
0.002 . !
.
- o “ —
. —
-

*
.
.
.
-
______
sl
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Tead

A 3'.!»' '\.

PYSlCi""L TT' RSB

Observation of
a new poson

TS A VAT RE
15(X)‘ Br8TeV LeSan’

Events /1.5 GeV

.

Result from
Phys. Lett. B 716 (2012) 1-29
4th of July announcement

S/(S+B) Weighted

T ——
= : .
ISR ——
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( 3. The H=>yy analysis in ATLAS

Observation of a new boson

e [he discovery analysis uses 4.8+5.9 fb-1 of 7 and 8 TeV data.
e Selection:2 tightly identified photons, Pt > 40/ 30 GeV/c, |n| < 1.37 or 1.56 < |n| < 2.37

e Fvents separated into categories: £ ‘E r1+1j Background
g e %l Bkgd. Uncertainty

e The conversion status of the photon candidates £ " Fteme.. —— 99F m =125 Gev
g E ee, el —4— VBF+VH4ttH m =125 GeV

T 5 10%E “ee, e,
¢ [he pseudo-rapidity of the photons. S g e
- G 10° 3 ,7"/7/.°:“~' “”’o’#«t

e [he component of diphoton Pt, transverse to 2 Fs=7Tev 24 1 g ™

€ 10*c ATLAS Simulation 4%, 7
' [ — - imi 7 /4 7
thrust axis (pTt). & Prelmnay %7
10% 50 100 150 200 250 _ 300
p,, [GeV]

o A 2-jet selection with a VBF-like signature

converted central p< or > 60 GeV

-unconverted central : 2%
-converted transition

Conversion@ ()]
/s
status

@

W

0
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3. The H=>yy analysis in ATLAS

Observation of a new boson

l
% _I T T 1 | T T 1T T | T T T T | T T T T | T T T T | T T T T | T T 1T T | T T 1 I_
8 0.12- ATLAS Simulation ® Unconverted central ]
S B highp_ i
= 04k Hoyy FWHM = 3.2 GeV ]
Global resolution model is built for every s © Convertedrest
category using the premises discussed before, & 008 ™= 120GeV - sacey
= - (s=8TeV ]
—~ 0.06— ]
Categorisation exploits different resolution, 0.04F -
02F R -
: oo ‘Q“e‘.‘"""!‘!‘xf!f!-!f:e‘.' HES-8D-CHRN
LR CTV R 130 135 140 14
m,, [GeV]
V'8 Category ocg FWHM  Window [GeV] Observed S B S/B
8 TeV Inclusive |.64 3.88 123.14 - 129.12 3649 100.7 3584.8 0.028 '
Unconv. central, low ppy,  1.46 3.44 123.78 - 128.68 237 12.7 224.7 0057 23788 Candldates
Unconv. central, high pr€_1.37_> 3.24  123.98 - 128.59 16 2.3 13.6 at 7 TeV
Unconv. rest, low pry 1.58 3.73 123.42 - 128.8 1141 2718 1122.5 0.025
Unconv. rest, high pr, 152 3.57  123.66 - 128.76 75 17 63 oos  (71.5 expected
f"onv. central, l(:J\V PTi .64 3.86 lgli. 16 - 128'95 207 8 I186.6  0.043 Slgnal events)
Conv. central, high pry 1.5 3.53 123.61 - 128.74 13 15 9.7 (.155
Conv. rest, low pr 145 12257-12036 1311 242 1200.9 0019 > 39281 at 8 TeV
Conv. rest, high pp, 0o 3.9 123.18 - 129.09 71 1 71.3 o0
Conv. transition 2.59 6.1 121.36 - 130.88 349 11,0 821.2 0.0l14 (1 00'7 eXpeC’[ed
2-jet 1.59 3.74  123.38 - 129.01 19 2.7 133 0203 s|gna| events),
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3. The H=>yy analysis in ATLAS

Observation of a new boson (4th July)

With the 4.7 +5.9 fb! of 7 and 8 TeV data, the excess observed

Events / 2 GeV

Events - Bkg

at 126.5 GeV had a local significance of 4.50

1000 Vs=7TeV, det=4.8fb'1
500

||
!
oo
5
<

SI_

S
Il
9
<
(o)

?/:
=2
=2

S

3500F ATLAS ¢ Dat E
3000;- —— Sig+Bkg Fit (m =126.5 GeV) _;

= Bkg (4th order polynomial) =
2500 — E
2000~ W =
1500 E

200
100

-100

200 . . . . .
100 110 120 130 140 150 160
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D

1 Complete

3. The H=>yy analysis in ATLAS

7 Update of the results:
Run | dataset

ATLAS-CONF-2013-029.

o 10000 | aTLAS | — = L L L L L L AL BB
g = . Data 201142012 ] 3__— All systematics ATLAS Preliminary
* | SM Higgs boson m =126.8 GeV (fit) _| T Without mass scale uncertainties H .
"GE) O ey mmmemees Bkg (4th order polynomial) ] e Without systematic VY -
2 6000:— ...... o B 25— + Bestfit —
4000:— —: E E
- \@=7Tevf|_o|t=4.8fb'1 ] 2 -
2000 — ] | _
- \@:8Tevf|_dt=2o.7fb“ . - -
o 500;— ------------------------ —; 1.5 —]
o) 400;— —; L _
o 300FE- 3 L _
Y ¢ 3 1= s=7 TeV. f Ldt=4.8 6"
TR +F+ H* - * ~ —— 68% CL Y o ]
£ 1°°%+ ! t ' A [ —— 95%CL /s=8 TeV f Ldt =20.7 fo™'
L% -20?00' T 0 120 130 140 150 160 08
. [GeV] 124 125 126 127 128 129 130
my, [GeV]
— of(stat :
ATLAS : )) Total uncertainty
— o(sys
m, = 125.5 GeV +
. . . . . H - O(.theo) — 10 On M
Dominated by statistical uncertainties. +0.23
Contributions from theo. and exp. H— yy _0.22
uncertainties are equivalent, +0.17 .
o(sys): Systematics includes the signal yield, 1033 |~ 0-13
signal resolution and migration uncertainties. W= '55-0.28 +0.17 _
-0.12 : |
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( @ 3. The H=>yy analysis in ATLAS

.bf Update of the results
ATLAS-CONF-2013-029.

3‘ B T T T T I T T T T I ||||||||||||||||

g~ — All systematics ATLAS Prellmlnary
Co---e- Without mass scale uncertainties Hesyy
RN Without systematic
2.5~ + Bestfit ]

= T s—7TerLdt a8’
' . | —— 68%CL _
Measured mass in H=>yy: Sfpea oo, [Lat 20715
124 125 126 127 128 129 130

my [GeV]

T = 126.8==0:2(8ta1.) == 0. 7(51 s.) GeV

— e — e =

| Mass measurement is domlnated by the uncertainty on the photon ES

The uncertainty on the ES from standard calibration is a function of Et and n.
| In the H=>yy Et range (Et>30 GeV), it has an average value of +0.6%.

This uncertainty grows up to +2% for lower Et photons (Et<15 GeV).

| performed an mdependent measurement of the photon ES uelng radlat|ve Z deeays

— — P — — —
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Events - Fitted bkg Events / 2 GeV

Events/1 GeV

10000—

8000__ o Data 2011+2012 i _:
L SM Higgs boson mH=126.8 GeV (fit) _|
T egy  mmmeeees Bkg (4th order polynomial) ]
6000 — —
- ey, H-vy .
4000:— —:
N E=7TeVILdt=4.8fb'1 ]
2000 — -
- @=8TevILo|t=zo.7ﬂo’1 ]
500:_ [l [l I [l [l _:
400 E- —
300E- =
200~ =
1°g§—.+.h+ PTLIVTIIS
1002 + $ + 'R T =
-200 &~ E
100 110 120 130 140 150 160
m,, [GeV]
LA L B L L B LI L 7
300 ATLAS Preliminary -
E —e— Data 2012 E
250 E_+ ...... H-Zy (mH=1 25 GeV, GSMxZO)_E
200F- =
1501~ t ¢+ -
- t |
100
501 (s =8TeV, JLdt = 20.7 fo", Z—ee ]
- i 7195 events ]
O_I_I 1 -I"I'-=-- 11 I :--F'I--l. L | I | IJJ 1 _L LI 1 J_ 1 l L L Ll IJ 4 L_
25 30 35 40 45 50 55 60

Am [GeV]
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4. Measurement of the photon energy scales

Radiative Z decays

Radiative Z FSR events provide a high-purity photon data sample.

p— 200_! Rl J | _‘
g ® ~
8 180:_*__ —_l
S 160 474 Advantage: For Z=>lly the three
= 140— 1 body invariant mass follows
120 = the Z line shape.
100 —
CUSITN :
60 -l fara = - Simple selection:
- Ha e ATLAS work in progress 3 .
40F- iR - Two opposite-charged leptons
20 7 Data 2012, Vs = 8 TeV, J Ldt=20.7 = and an isolated photon.
E:l 1 I 11 1 I L1 1 | B I I 11 1 . | el B | l 11 1 l 1 1 I 1 1 I 11 :

- A rectangular cut applied in the
Mi-Miy plane.

%20 40 60 80 100 120 140 160 180 200
My, [GeV]

- The complete data 2012 is analysed in the /=>eey and Z=puy channels.

2011 analysis documented in ATL-COM-PHYS-2012-1473
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4. Measurement of the photon energy scales

—xtraction of the photon energy scales

e For fully calibrated photons (MC+Z=>ee), any residual mis-calibration between
data and MC can be parametrized as:

E MC — Data

/[ (1+ o) a is extracted from the FSR sample

The double ratio method:

,‘ The photon energy in data is shifted by a and the three body invariant mass is recalculated.
The mean value in the FSR Z peak is fitted in both data and MC, and R is evaluated:

R(OC) _ M (Ily()) | M UL,
MCUly)ye ! ML),

data

data corrected by a
MC

L ol

e = — — ===
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4. Measurement of the photon energy scales

—xtraction of the photon energy scales

BMSample of low pT photons.

B The My distributions are fitted with a: E
Breit-Wigner ® Crystal Ball —> £ peak £
component 2

+ wide gaussian

small background
component

Events/ 1.0 GeV

] ZMW XMC
+
2000 "

3000~ e Data
1000~

. e b e 1 [T
00***75 80 85 90 95 100 105 11

(@) ANE N
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10

FrrrrprrrrprrTT |||||||||||||||||||||||||| |||||||| —
- ATLAS work in progress i

s=8TeV, f Ldt=20.7 o =

Unconverted photon

-- Data
[1Zee, MC 1
BZ..+XMC -

b

Et [GeV]

Pt bins [GeV] = [10,15], [15,20],
[20-30],[30-60] GeV

in| bins =[0.0,0.6],[0.6, 1.37],
[1.52, 1.88] , [1.88,2.37]

10 20 30 40 50 60 70 80 90 100

M The scales are extracted in different n and
ol bins:
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4. Measurement of the photon energy scales

BMSample concerns low pT photons.
B The Mllg distributions are fitted with a:

/ peak

Breit-Wigner ® Crystal Ball =
component

+ wide gaussian
small background

component
> L L L N L L L L | T 1 .| T | T T 1 | |||||||||||||||| ]
8 5000:_ AT)_ASwork in progress =
2 - \s=8TeV, J Ldt = 20.7 fb” .
2 4000/~ -
2 - ’
e T .
L - Unconverted photon .
3000~ P -e-Data -
B [ ] guuv ;\(nf\:nc _
20001 B Gt -
1000~ .
7 T T N :
0

__ %8,
100

%0
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75 80 85 95 105 11

—xtraction of the photon energy scales

> E |||||||||||| | T T T | T T 17T | T T 17T | T T 17T | LI | |||||||| E

8 - ATLAS work in progress ]

O _

5 10° Vs =8TeV, f Ldt =20.7 fo'' 3

T .

Q Unconverted photon

LLI 2 | ]
10°E -e- Data

[1Zee, MC 1

Bl Z. +X MC

10E ¢ ~

1 | L1 | L1 | 1 1 1 =

10 20 30 40 50 60 70 80 90 100
Et [GeV]
oT bins: "~y photon pl range
Pt bins [GeV] 210,151, 20],
[20-30J§[30-60] Ge f

Barrel-Central Barrel-Forward

in| bins =[0.0,0.6],[0.6, 1.37],
[1.52, 1.88] , [1.88,2.37]

Transition End-Cap
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4. Measurement of the photon energy scales

—xtraction of the photon energy scales

Z-—)Uuy Z—»eey
& - ATLAS work in progress ' & - ATLAS work in progress
< 5000 Data 2012, ys =8 TeV, I Ldt = 20.7 fb S 2500+ Data 2012, ys =8 TeV, J Ldt=20.7 fb
@ : @ :
§ 4000 Unconverted photon § 2000
w 4 — w : Unconverted photon ——
3000 — D:t: Fit result j 1500 g D:‘: Fit result
- R e MC Fit result - S e MC Fit result
| |1Z,,, MC | @8 Z.., MC
2000 1000
1000 500
90" 75 80 85 90 95 100 105 110 % 75 8 8 90 95 100 105 110
M, [GeV] Mee, [GeV]
0s e Fitted mean value of the Myy distribyfions, in n and pI bins:
<) LI TTTT T TTTTTTTTTTTTTT | T T TT | T T TT | T T TT | T T TT | T T TT | T T TT <) - 1T | 1T | LI | T I.I | LI | LI | LI | LI | T TT | LI T TT T
> - A'}'LASlworklin progress . > ~ ATLAS work in progress ]
N 93_ ] N 92_ 1
= - -+ MC | = - -+ MC -
- Unconverted . - Unconverted §
92.5— — B ]
C  Fitted parameters from M ] o1 '5__ Fitted parameters from M ]
- Hpy - - eey -
92— ] N i
: : : o1 .
91.5 — — — - + N S -
. - 90.5F —t— —
N 7 . .
90 : | | . | L | L | L | L | L | L | L |: 90_ 11 I 111 I 111 I 111 I 111 I 111 I 111 I 111 I 111 I 111 I 111 | 1 I_

e n|
Same trends in da%é(laavr)]d MC are translated into stable scales.
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4. Measurement of the photon energy scales

Systematic uncertainties

The systematic uncertainties to the energy scale estimation:

¢ | epton energy scale: Estimated by shifting the lepton momentum by its
uncertainty and re-evaluating the scales.

Electron channel: + 0.4 % Muon Channel: <0.1%

e Other uncertainties (fit model, background contamination): 0.1 %.

Friday, September 27, 13
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i

@ 4. Measurement of the photon energy scales
% Photon energy scales:
|

The error bars include both statistical and systematic components
(Mmost scales are dominated by statistical uncertainties).

6 0.04:l—| I | T T 1 | T T 1 | T T 1 | T T 1 | T T 1 | 1T 1 1T 1 1T 1 | T T 1 | T T 1 T I__l_ 5 0-04__|| I | T TT | | | T TT | T TT | T TT | | T TT T TT | T TT | T TT I I__
- ATLAS work in progress 3 ~ ATLAS work in progress =
0.03F- D | = 0.03 D | =
0.02- = 0.02F- E
0.01F- - 0.01E —1 B
o= + + - 0= i | E
0.01- * — 0.01- -
0.02 L4 002 L
= Data 2012, \s =8 TeV, J Ldt =20.7 fb m = Data 2012, \s =8 TeV, | Ldt =20.7 fb .
'0'035_ Unconverted photons, Z— uuy E '0'03;_ Unconverted photons, Z— eey E
-0.04;| | | 1 1 1 | 1 1 1 | 1 1 1 | L 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | | I__l' -0-04__|| 1 | 111 | 1 1 | | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 | | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 I__
O 02040608 1 12141618 2 22 O 02040608 1 12141618 2 22
In| |

Colour band is inclusive scale (band width is 20)
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. 4. Measurement of the photon energy scales
| @ Photon energy scales:

?A’f Pt dependance

5 0.04:|_III|IIII|IIII|IIII|IIII|IIII IIII|IIII|IIII IIIJ: 5 0.04__IIII|IIII|IIII|IIII|IIII|IIII IIII|IIII|IIII IIII__
— ATLAS work in progress m - ATLAS work in progress ]
0.03F D | - 0.03F D =
0.02F = 0.02F =
0.01F = 0.01F -
o ——— =S E My
0.01- = 0.01F -
_0_02; y —f -0.023— p —f
= Data 2012, Vs =8 TeV, J Ldt=20.7fb" 4 0 032 Data 2012, \s =8 TeV, J Ldt=20.7fb Z
'0'03;_ Unconverted photons, Z— uuy E ""°F Unconverted photons, Z— eey .
-0_04:|_I 1 1 | L 111 | L 111 | L 111 | L 111 | L 111 | L 111 | | | | L 111 | [ I . _0'04:_II 1 1 | L 111 | L 111 | L 111 | L 111 | L 111 | L 111 | L 111 | L 111 | 1 1 II_:
10 15 20 25 30 35 40 45 50 55 60 10 15 20 25 30 35 40 45 50 55 60
Pt [GeV] Pt [GeV]

photon photon

Most scales are compatible with O and within +1%.
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4. Measurement of the photon energy scales

Combined photon energy scales

3 0.05:11II||||||||||||||||||||| ........................ =

- Inclusive scales: -

' ] 4:_ —@&— MC calib. + Zee in-situ scales _:

e The results in both channels are g 23; D 0008 0022

combined into one measurement: 0095 oo TO0NOL0002 3

, 0.01- =

[ - - -

Final scales extracted for fully ot —4 -

calibrated photons (MC calibration 0.01E- E

plus Z=>ee scales). 0.02- Unconv E

-0.03 —

, Al ATLAS work in progress E

e Photons without /=>ee scales. 0'04§ Photon Scales from Z—upy + Z—eey -
'O'Oq 0 1 5 20 25 30 35 40 45 50 55 60

Et.,. ...[GeV]

3 0.00p——— 1 AR = z 0001 AR =

0 04:_ —&— MC calib. + Zee in-situ scales Inclusive scales: = 0 04:_ —&— MC calib. + Zee in-situ scales Inclusive scales: =

B O 700 aaiy = -0-0012 + 0.0040 = TE Oy 700 oaiy = -0-0044 + 0.0052 =

0.03F —©— MCcalib. — 0.03F —©— MCecalib. —

= Oy catip, = ~0-0012 £ 0.0040 3 - Oy caiip, = “0-0035 & 0.0050 3

002 E 002 2-track E

0.01 = 0.01 =

o o %: * ;

-0.01;— %= —; -0.01;— ‘ —;

-0.02 — -0.02—¢— —

- 1-track - - E

-0.03 = -0.03 =

.0.04 ATLAS work in progress E .0.04E ATLAS work in progress E

Ok | Ph(ljton IScale;s, fron|1 Zeluw + Z—>e;efy ] Ok | Ph(l)ton TQ.caIeis fron|1 Z—>#u,w + Z—>e|ey .
'0'0510 15 20 25 30 35 40 45 50 55 60 'O'Oqo 15 20 25 30 35 40 45 50 55 60

photon [GeV] photon [GeV]
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4. Measurement of the photon energy scales

Combined photon energy scales

I

¢ [he combine scales shows an overall
good behaviour.

¢ Most of the scales are within 1.50
from zero and within +1%.

e | argest deviation is for 2-track
conversions in the transition region of
about (-3.0 = 1.1)%.

50.05:III|III||||||||||||||||||u||. .................. f
004:_ —&— MC calib. + Zee in-situ scales Inclusive scales: =
- Oy 700 catip = -0-0012 + 0.0040 =
I —&— MC calib. .
0.03 = Oy cary = -0-0012 + 0.0040 =
0.02 =
0.01F =
0E % % =
-0.01F =
-0.02F 3
- 1-track -
-0.03F E
.0.045- ATLAS work in progress =
- Photon Scales from Zeuw + Zeeey -
-0.055— L i
002040608 1 12141618222

n|
Friday, September 27, 13

50.05:III|IIl|||||||||||||||||----. .................. .:
0.04 - —@— MC calib. + Zee in-situ scales Inclusive scales: =
= 10700 catip = 0-0008 + 0.0022 =
— —o— MC calib. T
0.03 - Oy oap = 0-0008 + 0.0022 -
0.02 =
0.01E ; —~
o—+ o iR
-0.01F =
0025 Unconv =
-0.03 =
.0.04E ATLAS work in progress E
- " Photon Scales from Zeuw + Zeeey g
00505040608 1 12141618 2 22
In|
50.05:III|IIl|||||||||||||||||----. .................. .:
0.04 - —@— MC calib. + Zee in-situ scales Inclusive scales: =
= U104 700 catiy = -0-0044 + 0.0052 =
0. — —©— MC calib. —
03 - Oy catip = ~0-0035 £ 0.0050 ]
0.02 =
0.01F 2-track E
-0.01F =
-0.02E =
-0.03F =
.0.04E ATLAS work in progress E
- Photon Scales from Zopuy + Z—eey 3
00505040608 1 12141618 2 22

nl
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4. Measurement of the photon energy scales

{
Photon energy scales: Conclusions
l
e For pT> 30 GeV, the precision in the e For low pT photons (pT<15 GeV), the
ES measurement is competitive to the precision is better than the one
nominal systematic uncertainties obtained with the standard calibration
associated to it in the H=>yy mass (up to 2% due to low energy
measurement (+0.6%%). extrapolation).
'
\ -

Photon scales (%) _
Unconverted | Converted one-track | Converted two-track

Pt. bin

10 GeV< pr <15 GeV ({4 0.12+ 0.40 - 0.08 &+ 0.91 -138 + 1.24 )

15 GeV< pr <20 GeV ||+ 040 £ 0.28 | 4+ 0.06 &= 0.70 - 0.22 = 0.93
20 GeV< pr <30 GeV | - 0.04 £ 0.26 - 0.85 + 0.53 -1.41 4+ 0.63

pr >30 GeV + 1.02 £ 0.79 -0.19 4+ 0.83

ﬁ H=>yy photon pT range*
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4. Measurement of the photon energy scales

Photon energy scales: Conclusions

e For pT> 30 GeV, the precision in the e For low pT photons (pT<15 GeV), the

ES measurement is competitive to the precision is bettarthan he one
nominal syste These preliminary numbers are being updated using i: rd calibration

. . . |
associated tol an improved geometry and aim at being released very :

measurement *iﬁ soon.
' Supporting note in process
- of documentation.

C. Rangel-Smith co-editor.

Photon scales (%) _
Pt. bin _Unconverted | Converted one-track | Converted two-track
10 GeV< pr <15 GeV (]+ 0.12+ 0.40 - 0.08 £+ 0.91 - s o ]
15 GeV< pr <20 GeV ||+ 0.40 £ 0.28 | 4+ 0.06 &+ 0.70 - 0.22 £ 0.93 |
20 GeV< pr <30 GeV | - 0.04 £ 0.26 - 0.85 + 0.53 -1.41 + 0.63
pr >30 GeV + 1.02 = 0.79 -0.19 4+ 0.83

i H=>yy photon pT range*
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Events - Fitted bkg Events / 2 GeV

Events/1 GeV

10000—

8000__ o Data 2011+2012 i _:
L SM Higgs boson mH=126.8 GeV (fit) _|
T egy  mmmeeees Bkg (4th order polynomial) ]
6000 — —
- ey, H-vy .
4000:— —:
N E=7TeVILdt=4.8fb'1 ]
2000 — -
- @=8TevILo|t=zo.7ﬂo’1 ]
500:_ [l [l I [l [l _:
400 E- —
300E- =
200~ =
1°g§—.+.h+ PTLIVTIIS
1002 + $ + 'R T =
-200 &~ E
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LA L B L L B LI L 7
300 ATLAS Preliminary -
E —e— Data 2012 E
250 E_+ ...... H-Zy (mH=1 25 GeV, GSMxZO)_E
200F- =
1501~ t ¢+ -
- t |
100
501 (s =8TeV, JLdt = 20.7 fo", Z—ee ]
- i 7195 events ]
O_I_I 1 -I"I'-=-- 11 I :--F'I--l. L | I | IJJ 1 _L LI 1 J_ 1 l L L Ll IJ 4 L_
25 30 35 40 45 50 55 60

Am [GeV]
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5. The search for the Higgs boson in the H=>Zy channel

Why H=>Zy ?

| ATLAS-CONF-2013-009

< H=vy.
OPro: H—Zy—-yll channel kinematics of the

Opro: ’ % decay can be cleanly reconstructed. We can

Sensitivity to o
new physics! use many of the tools developed in Higgs to vyy.

mﬁzg:: | | |OPro:Analysis strategy can be very similar to

ATLAS —olstal)  Total uncertainty 30 sy |
M= 12550V | ey 112 To0nR P |
+0.23 ; ::::; ':a?r.?c”
H— yy -0.22 1 _— |
+0.17 -
+0.33|~ 013 N .
W= 1'55-0.28 +0.17 e Ry ORI/ FOUUTIO 3
_ 01 2 o l - s 106 10 15 120 125 130 135 r::":'lce\:S
= 200 T T e T T R S T
O Pro: Similar selection to the § eoF T o N =
or. i iy R gl

Radiative Z samples (two leptons and= 1, = = .. _
an isolated photon). The ISR sample is <~ .. 4\ ¥/ o yAY !
the main background (82%) followed - 3

by Z+jets (17%), and smaller 40 S5 ATLAS workin progrees

20 ‘ = Data 2012, Vs = 8 TeV, J- Ldt=20.7fb " I

contributions from tt and WZ. N AT TN PO TN PO PO TR 70 :

0 20 40 60 80 100 120 140 160 180 200
M. [GeV]
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5. The search for the Higgs boson in the H=>Zy channel

Why H=>Zy ?

| ATLAS-CONF-2013-009

’ ﬂ% . AT OPro:Analysis strategy very similar to H—yy.

t . |OPro: H=Zy—ll channel kinematics of the

[ OPro: ) % | |decay can be cleanly reconstructed. We can

Sensitivity to Y use many of the tools developed in Higgs to vyy.
| new physics!
ATLAS |0t Total uncartainty o e [ e
| my=125.5GeV OCon Low rate: The low Z=>Il BR makes the total
I H oy ' number of expected Higgs events about 20 times
. 1_55“)4 smaller than those for —|-—> 44 at A o

R I m,, [GeV]

'''''''
........
e~

| OPro Similar selection to
' the Radiative Z samples

| (two leptons and an isolated
80} : e
photon). The ISR sample is 3T A |
the main background (82%) 20 #°  Data2012, Vs=8TeV, JLdt 2071
followed by Z—I—jetS (17%) 0 20 40 60 80 100 120 140 16?4 15[32e3]()0

Friday, September 27, 13 71



5. The search for the Higgs boson in the H=>Zy channel

!
Why H=>Zy ?
| ATLAS-CONF-2013-009

| L ﬂ%: . A |[OPro:Analysis strategy very similar to H—yy.
: . . .| |OPro: H—=Zy—yll channel kinematics of the
[ Opro: ey | |decay can be cleanly reconstructed. We can
| Sensitivity to’"%y use many of the tools developed in Higgs to vy.

new physics! 8 "oz amas promnay |\
aias e L (L]

|mH-1255GeV ‘OCon Low rate: The low Z=>l BR makes the total

 ll review my contributions to the first ATLAS |

~ result of this search o )

— = —

’ 200

180 ' .

OPro: Similar selection to 5

= 160 e
| the Radiative Z samples = uon ot
| 120 .5 o | AN IE .

(two leptons and an isolated

0. T R
photon). The ISR sample is 3 27—
the main baCkground (82%) 20f ¥ Data2012, =8TeV, | Lat =207
followed by Z—I—jets (17%) % 20 40 60 80 100 120 140 16:)‘1 1:[32 :]CJ

= = _————
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5. The search for the Higgs boson in the H=>Zy channel

D

g»f H=>/y background model

Using the pT of the photon as discriminant variable is
inviable because the region where the S/B is
improved, has a peaking background at around the
most interesting region (miy = 125 GeV).

0.04

0.02

@ 0.4 T T T T e =
*GE: 0.1 2f_ MC H—Z(up)y with m =125 GeV _f

The signal photons are harder than the ISR Zy 2 o MG M Z(u. -
© B |

background photons. E o8k E
Z - |

0.06— ATLAS work in progress -

T ;
40 50 60 70 80 90 10¢C
Photon P, [GeV]

Celii il
10 20 30

OO

The pT cut on the photon is fixed at pT > 15 GeV.
And the search range is 120 GeV to 150 GeV.

; ; 70 : T T T T T T T T T T T T T T T T T T T T T T T T T T T T ;
O« Qo - b3
O] B + O o &
T 80— T 80 -
£ i 2  50f £
L 60 + 2 - 2
W - + W 40F W
40 30 f

20

me > 10.0 GeV

100—1\IIII\IIIII\I\I\II\III\I\I
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5. The search for the Higgs boson in the H=>Zy channel

D 7] e B B Y B I B B =
. G 02F ATLAS Preliminary =
H —}Zy Slg nal mOdel ;’ 018 Simulation FWHM = 3.9 GeV E
| § orar Ho
S - my =125 GeV =
: . . . z 9125 \s=gTev E
e Using My, is the easiest extension from H=>yy = o E
0.08 —
. . | 0.0 =
e |t does not contain all the information. 0.04E | E
S AERAREEEEEE ANm 108 G TTE T 0 i2s is0 e o 14
O 134 . m, [GeV]
O, - e w7
=132 LY - - Correlation pattern observed between the
< 130F o, A .
= oY . three and two-body invariant masses:
= 28R

Friday, September 27, 13

o om ™R e

6 88 90 92 94 96 98 100

The correlation follows 0.5 GeV/GeV slope.

The resolution in Am= My, -M is

narrower than in My.
A)
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5. The search for the Higgs boson in the H=>Zy channel

>  Q.22FT T T =
. G 02F ATLAS Preliminary =
I——I-—)Z}/ Slg nal mOdel ;’ 0_182_ Simulation FWHM = 3.9 GeV _;
| § orar Ho
S - my =125 GeV =
: : . : z 0712 (s-gTev =
e Using My, is the easiest extension from H=>yy = o E
0.08 —
| | | 0.0 =
e |t does not contain all the information. 0.04E E
Sl e R o e R A 108 TR HE T R0 i a0 e o 4
(E. 134;_ u E . E M, [GeV]
=132 E - Correlation pattern observed between the
5 The varlable Amis Chosen as the discriminant variable for the search.
|
'V Unaffected by lepton energy scale uncertainties.
v Insensmve to the contribution to the S|gnal from FSR n H — * LY deoays
.
||||.F||||||||.|||||||||||||_ ThereSO|utioninAm:M”y—MliS

80 82 84N\36 88 90 92 94 96 98 100

narrower than in Myy.
KNI GOIC e "
O//co _
7
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5. The search for the Higgs boson in the H=>Zy channel

H=>/y signal properties

ATL-COM-PHYS-2013-081
Signal internal note.

C. Rangel-Smith co-editor.

15 SM Higgs events expected in 7 TeV + 8 TeV data sample at 125 GeV

.. 06—
S o. 551 Atlas work in progress _E == Z > ee,8TeV | Z— pu, 8TeV
& 0% E [GeV]| e[%] S |e[%] S
5 *F 99F muons E 120 | 21.3 40 | 258 49
7 oask E 125 | 246 59 | 297 72
035 // E 130 | 243 77 328 .93
0.25F - S5 = 0.2951+ 0.0013 = 135 794 9 O 35 1 107
g /€55 = 0.0236 + 0.0008 e i : EER '
0.2E Z:/jezs = -0.0005 = 0.0000 140 30.9 9.5 36.6 L3
>1oE T 145 | 31.7 92 | 373 108
0.1% 120 125 130 135 140 145 150 150 320 8] 372 94
m,,., [GeV]
%k Am signal distribution is modelled with a Crystal
> 0 )24 S I L DL U B L L B ' ' :
8 o1F ATLAS Preliminary E Ball + wide gaussian for the tails.
:- 0.16?— Simulation 00y = 161 GeV —f
= - = : : :
= Ty =212 s w,=16cev ¥ The global resolution model is built under the
e my = e = . .
Z 01 Vs=8Tev = same premises of the one in H—=yy:
T 008 =
0.06 — . . .
0.04F FWHM = 4.0 GeV 3 & Ananalytical function of Am with a set of Am
o0z T dependent (oCB, pCB, uGA) and global

Friday, September 27, 13

parameters (k,fCB,aCB,nCB).
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H=>/y first ATLAS result

5. The search for the Higgs boson in the H=>Zy channel

ATLAS-CONF-2013-009

$ wol | ATASPreimnay | & 90  ATLAS Preliminary

e Performed over 4.6+20.7 Of 72 s T Do E s y T Datezo E

L%’ - + ...... H—Zy (m, =125 GeV,0g,x20)] L%’ osob 0 PGy e H—2y (m =125 GeV,04,,x20)

and 8 TeV data. 200" 1 " -

150:— = g g

- - ] 150~ -

- Final Background model:/Y 100F ! o e

50;_ s =8 TeV, [Ldt = 20.7 b, Z—>ee_§ . 05_ Vs =8 TeV, [Ldt = 20.7 fb", Z—>uu_§

* The model with best sensitivity £ .., T8
. . 05530 35 40 45 50 55 60 05530 35 40 45 50 55 60

to the signal and smaller bias Am [GoV] Am [GeV]

s a third-order Chebychev

polynomial in the fit range 24

Systematic Uncertainty

H — Z(ee)y(%)

H — Z(uu)y(%)

Signal Yield

Luminosity 3.6 (1.8) 3.6 (1.8)
Trigger ethciency 0.4 (0.2) 0.8 (0.7)
< Am <64 Gev Acceptance of Kinematic selection 4.0 (4.0) 4.0 (4.0)
y identification efficiency 2.9 (2.9) 2.9 (2.9)
° Systematic uncertainties L‘lgicll'(m‘l'.L‘C‘(n‘l\ll'llCli(?ll um.l ‘idt‘l.llil‘lcill‘i(?n g‘l]i(‘ig‘ll(‘} 2.7 (3.0) )
p reconstruction and identification efficiency 0.6 (0.7)
(ana|ysis dominated e/y energy scale 1.4 (0.3) 0.3(0.2)
.. . . e/y isolation 0.4 (0.3) 0.4 (0.2)
statistical uncertainties). /’ e/y energy resolution 0.2 (0.2) 0.0 (0.0)
¢ momentum scale 0.10.1)
( momentum resolution 0.0 (0.1)

Signal Am resolution
e/y energy resolution 5.0 (5.0) 24224
@ momentum resolution 0.0 (1.5)

Signal Am peak position

0.2 (0.2) GeV
negligible

e/y energy scale 0.2 (0.2) GeV

¢ momentum scale
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5. The search for the Higgs boson in the H=>Zy channel

H=>/y first ATLAS result

ATLAS-CONF-2013-009

The H=>Zy is largest around 140 GeV,the expected exclusion is ~ 7 x SM in

that mass region. At 125 GeV the expected and observed limits are 13.5 and
18.2 x SM, respectively.

A e T L P
= 2 — Observed
40 ) Ldt=46fo", {s=7Tev. Expected
sk | Ldt=207f", {s=8TeV B i
t 20

30
29
20
15
10

ATLAS Preliminary

Illllllllllllllllllllllllllllll

95% CL limit on 6(H—Zy)/o,, (H—Zy)

120 125 130 135 140 145 150
my [GeV]
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5. The search for the Higgs boson in the H=>Zy channel

H=>/y first ATLAS result

ATLAS-CONF-2013-009

The H=>Zy is largest around 140 GeV,the expected exclusion is ~ 7 x SM in
that mass region. At 125 GeV the expected and observed limits are 13.5 and

18.2 x SM, respectively.
45 T r ] r r r1
J Ldt=46f" {s=7TeV

I 1 I 1 | l 1 | I ! I 1 I I 1 [ 1 i

—_— Observed
Expected

- Thls IS the first H—»Zy result in ATLAS there Is room for

Improvements.
- The exclusion potential is dominated by statistics,

Illllll

| observatlon sensmwty IN thls Channel vv|II reached |n Run II
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L
C’) 105—
5 s
(@) ) -
O I D e il st A ) O Y I S R e et (i M Tkar e Wi s i ek v T whtks Mot i o 2
120 125 130 135 140 145 150
my [GeV]
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D

Laf H=>yy and H=>Zy channels

10000 T T —

> ]
& N ]
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4000 :— —:
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2000 — —&
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S 400F 3
3 300E- =
= 200 é— —é
YR ++++ #+++H+ Y
g omie Ty * AN
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> :I T T T T | T T T T T T T T | T T T T | T T T T | T T 1T 7T | T T T T T T I:
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F‘B = —e— Data 2012 ]
[ — ]
L%’ 250 - + ...... H—2Zy (m, =125 GeV,0,x20)]
200F —
1501~ H t —
n + .
100~ t
coF- (s=8TeV, JLat=2071" zvee]  ©.0Outlook
C T 7195 events .
O_L 1 1 J--I"I'-= 1 11 I :--F'I--I. L | I | 1 J J. 11 L L 1 1 J_ 1 l L L Ll I Jd_1 L_
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Outlook

-

Higgs boson was in

this time period
N Y,

We observed a

~

e Contributions to the H=>yy analysis in ATLAS

e MC photon performance studies
¢ \alidation of a calibration for converted photons

e Provided a global resolution model for the signal parametrisation (yields and
resolution). This model has been adopted by other analysis in ATLAS.

Friday, September 27, 13
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Outlook

-

Higgs boson was in

this time period
N\ J

We observed a

~

e Contributions to the H=>yy analysis in ATLAS

e MC photon performance studies
¢ \alidation of a calibration for converted photons

e Provided a global resolution model for the signal parametrisation (yields and
resolution). This model has been adopted by other analysis in ATLAS.

¢ |ndependent measurement of the photon energy scale,
¢ As a validation to the standard Z=>ee photon calibration

e For photons in the H=>yy energy range, the precision in the ES measurement is in
the same order as their associated nominal systematic uncertainties.

e For low pT photons (pT<15 GeV), the precision in the ES is better than the one

obtained with the standard calibration.
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Outlook

-

Higgs boson was in

this time period
N Y,

We observed a

~

e Contributions to the H=>yy analysis in ATLAS

e MC photon performance studies
¢ \alidation of a calibration for converted photons

e Provided a global resolution model for the signal parametrisation (yields and
resolution). This model has been adopted by other analysis in ATLAS.

¢ |ndependent measurement of the photon energy scale,
¢ As a validation to the standard Z=>ee photon calibration

e For photons in the H=>yy energy range, the precision in the ES measurement is in
the same order as their associated nominal systematic uncertainties.

e For low pT photons (pT<15 GeV), the precision in the ES is better than the one

obtained with the standard calibration.

e Contributions to the first search of the Higgs boson in the H=>Zy channel

e Background model, choice of the discriminating variable and signal modelling

e Observation sensitivity should be reached in the LHC Run .
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| Outlook (2)

-

~
We observed a

Higgs boson in this
time perioad

* The Higgs discovery

e Measurements of the spin, couplings, decay rates and (differential) cross-sections
are being performed in all accessible Higgs channels in ATLAS and CMS.

e Results show that this new particle is in general consistent with the SM Higgs

boson.

— o(stat)
— o(sys)
— o(theo)
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+0.12

-0.10 1

0.5 "115””2
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Signal strength (u)

ATLAS
my = 125.5 GeV

Total uncertainty

+loonu Is=7TeV,L<5.1fb' \s=8TeV,L<19.6 b’

CMS Preliminary m, =125.7 GeV
P, = 0.65

H—yy

_ +0.33
w=-1 .55_0.28

> bb
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| H

H— 2Z* — 4l

Ho 1t
u=110%0.41

H— WW* — Ivlv H - YY
u=077%x0.27

_ +0.31
n= 0'99_0.28

l H—- WW
(I_:Iombir%%g Wwe u=068+0.20
YV ’

_ +0.21
u=1 .33_0.18

H-o ZZ
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Cndaed. ded et ennd el W W - dedd Ak d el ol ek nd

2
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More analyses and
data are needed to
confirm whether this
new particle is the SM
Higgs boson.
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Reproduction rights obtainable from
www. CartoonStock.com
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“I think I've found the Higgs boson!™
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Sack-up
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Electroweak fit

Parameter laput value .Frcc Fit Result SR aoor Fi.t wim_wt.cxp.
in fit Mz measurements input in line
My [GeV]® 125.710-¢ yes 125.743:4 04728 04.71+3
My [GeV) 80.385 & 0.015 - 80.367 13-99% 80.367 +3-35% 80.360 +0.011
Ty [GeV) 2.085 4 0.042 - 2.001 + 0.001 2.001 £ 0.001 2.001 % 0.001
Mz [GeV] 011875+ 0.0021 yes 91.1878+0.0021 01.1878+00021 91.1978+0.0114
[z [GeV] 2.4052 £ 0.0023 - 24054 £0.0014 24054 +£00014  2.4950 £0.0017
o 4 [nb] 41.540 £ 0.037 - 41.4794+0.014 41.4794£0.014 41.4714£0.015
RY 20.767 + 0.025 - 20.740 £0.017 20.740 £ 0.017 20.715 +0.026
AN 0.0171 £+ 0.0010 » 0.01626 *3-3993 0.01626 73-9%01  0.01624 +0.0002
A 0.1400 £ 0.0018 2 0.1472+£0.0007  0.1472 +0.0007 2
sin¥g(Qes) 0.2324 4 0.0012 - 0.23149 +9-20919 0.2314013:2003%  0.23150  0.00009
A. 0.670 +£0.027 - 0.6679 *0 00008 0.6679 0 o0as  0.6680 +0.00031
As 0.923 +0.020 — 003484 F300005 003464130005 0.03463 £+ 0.00006
AYE 0.0707 £ 0.0035 - 00738 £0.0004 0073800004  0.0737 +£0.0004
ARt 0.0992 £ 0.0016 - 0.1032400005  0.1032+00005  0.1034 +0.0003
R 0.1721 £ 0.0030 - 0.17223+£0.00006 0.17223+0.00006 0.17223 £ 0.00006
R? 0.2162040.00066 -  0.21548 £0.00005 0.21548£0.00005 0.21547 £+ 0.00005
e (V] L2755 ves 12 1974007 _
s [GeV) 490102t yes 4:20%2-37 4203077 -
s [GeV] 173.20 4+ 0.87 yes 173.53 £ 0.82 173.53 4 0.82 176111358
Aai®, (M2) (1) 2757 4 10 yes 2755 & 11 2755 & 11 271814
as(M3) - yes 0;110015-3048 0.1100*9-9928 0.1190 4+ 0.0027
Son M MeV) [—4, 4)shes ves 4 4 -
Sin sinzﬁﬁﬁ (t) [—4.7, 4. T]sheo yes -0.6 -0.5 -

M,
M

w
l'w
MZ

|

R,",p
0.l

AFB

A (LEP)
A (SLD)

lept

[T -
in“e,, (QFB)
0,c

A%
A
AC
Ab
R
R

=2 with M,, measurement
=3 w/o M,, measurement

ll[llljllllllllll llllllllllllll]]l

lllllllllllllllll

l:'::
L
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(%) Average of ATLAS (Mg = 126.0 £ 0.4 (staz) £ 0.4 (sys)) and CMS (Mg = 125.3 £ 0.4 (stat) £ 0.5 (sys)) measurements 3 2 -1 0 1 2 3
assuming no correlation of the systematic uncertainties. “* Average of LEP (A4, = 0 1465 £ 0.0032) and SLD
(A, = 0.1513 =0.0021) measurements, used as two measurements in the fit. The fit w/o the LEP (SLD) measurement gives (O -0 ) | G
fit meas meas

Ar = 01474 T255% (A, = 0.1467 12222 ). “VIn units of 107°, “*) Rescaled due to a, dependency.
Plot inspired by Eberhardt et al. [arXiv:1209.1101
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Mw vs mt
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Q B w/o M,, and m, measurements 3
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Contours of 68% and 95% confidence level obtained from scans of fits with fixed variable pairs Mw vs. m:.. The narrower blue
and larger grey allowed regions are the results of the fit including and excluding the My measurements, respectively.
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4th generation

The fourth generation
Interferes destructively with
the W boson loop, resulting
In a net decrease of the
partial decay width into

gamma gamma.
A slight increase the Zgamma

branching fraction.

|+ 20
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o ,
5 B:ic
= ,
o
<0
)
(o]
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ATLAS VS CMS
CALORIMETERS

ATLAS: Liquid argon + Pb absorbers
- high granularity and longitudinally

segmentation (better e/ ID)
- electrical signals, high stability in

calibration & radiation resistant
-0o/E = 10%/E + 0.007

— ATLAS solenoid is located just in front of the
barrel ECAL, resulting in significant energy loss
by electrons and photons in the material in front
of the active ECAL

Friday, September 27, 13

CMS: PbWOQOy crystal calorimeter
- higher intrinsic resolution

- Correction factors, to account for response
changes, are calculated online.

- o/E = 3%/E + 0.003

- The full EM calorimetry and most of its
hadronic calorimetry are situated inside the
solenoid coil and therefore bathed in the strong 4
T magnetic field
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MC calibration
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Stability of the energy
response
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Uncertainty in the photon energy scale

 Main sources of the uncertainty in the photon ES

e Method uncertainties: ES obtained from a

comparison of Z — ee line-shape between data ar
MC

e Background contamination
e it Range

e Material systematic: Energy scales of photons u
MC extrapolation electron — photon

e [f the upstream material mapping Is different from
actual geometry, there is a mis-calibration for
photons

e Pre-sampler ES: The MC calibration uses the
measured pre-sampler energy to correct for energy
lost upstream of the active EM calorimeter, making
the calibration sensitive to the pre-sampler ES.
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—nergy resolution
constant term:

2

3 ‘
ZOOXJQ"I""I""I'"'I""I""I""I"" el (T 2
180 ATLAS Preliminary cd gus ¢ : 3 (,‘2
Data2011,@=7TeV,det=4.6fb'1 -data — 23 B == I + “MC
160 Mz /] data mz } mc

6,,,=1.76+0.01 GeV

o

Events/ 1 GeV

140F- E

120 O =159 0.01 GeV n|<2.47 3 : |

100E- ~Data - SubSystem etal-range effective constant term (Cgatq )
- — Fit result - - - . + - - 0.5

80F BE1Z-eeMC 3 EMB n| < 1.37 1.2% + 0.1%(stat) " ¢z (syst)

3 E EMEC (OW) | 1.52 < [n] < 247 | 1.8% =+ 0.4%(stat) £ 0.4%(syst)

20 = EMEC (IW) 25 < In| <3.2 | 3.3% £ 0.2%(stat) & 1.1%(syst)
%0 75 80 @ 90 95 100 108 110 ['Cal 32<|n <4.9 2.5% = 0.4%(stat)™ i“ (syst)

M, [GeV]

The dominant uncertainty is due to the uncertainty on the sampling term (constant term is extracted assuming
that the sampling term is correctly reproduced by the simulation).

To assign a systematic uncertainty due to this assumption, the simulation was modified by increasing the
sampling term by 10%.

The uncertainty due to the fit procedure was estimated by varying the fit range. The uncertainty due to pile-up
was investigated by comparing simulated MC samples with and without pile-up and was found to be negligible.
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Photon 1dentification
e D aerC & ne granularity of the first

layer it is possible to distinguish between y and
10 using strip variables.

?

e Cuts on shower shape variables to ¥
discriminate isolated photons from
QCD jets.

® R variable: ratio of energies of
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|dentification variables
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Hadronic leakage

Shower width in middle layer

TTTTTIL ‘Shower width in 3 strips
| around the hottest strip

Shower width in all strips
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Photon Identification efficiency

The identification efficiency is measured in function of Et for n regions.
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purity of the sample, in the overlap region, and they i . ET:V:?M :
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29 0%: OO —0
estimate it. As purity B -
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increases with Et, the

systematics decreases.
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E. [GeV]

The FSR sample is also used to estimate the photon
trigger efficiency, in addition to the bootstrap method.
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CMS

CMS Photon

02

Events/O
o
s

Identification MVA

Photon ID is crucial for H—>vyy .
MVA Photon ID is validated with the Z—puy sample.
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400 |-
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A comparison of the photon ID MVA score obtained with barrel and
End-Cap in data and MC simulation.

Reference: https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig| 300 I TWiki#Photon_identification_ MVA
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Photon Isolation

*Photon Isolation: sum of the transverse
energy of positive-energy topological clusters.
Used to reject single photons against 1i° from

jets.
% 6: ] T T T T I T T T T ] T f '%\ 6 :
O sE e 2011 Data (Z—ee‘e').J.Ldt=3fb"; O 5 e 2011 Data(Z - e'e ).J Ldt=3fb"
§ : A Simulation (shifted by 800 MeV) : § » Simulation (shifted by 100 MeV)
o ek » g ) 4
o - ‘. Large gap 8 BCID gap . S Large gap 8 BCID gap
_5 3__ *. ATLAS Preliminary = 5 3 ATLAS Preliminary
© A ©
o) 2 . @ . = e 2
w A - .“ ) ‘
— b o A ‘. . - i :
1__ ‘ .A o 11
= ® % o ~
OE..M ....... M W
’ < o |
-1 . -1
- ¢ = i
_2h | ! 1 Il | 1 Il | —} _2‘ Il | 1 ! I L 1 : L 1 1 1 !
100 200 300 100 200 300
Bunch crossing ID Bunch crossing ID

The isolation can be based on the electromagnetic and hadronic calorimeter cells or
on topological clustering. The calorimeter isolation based on topological cluster

IS less-sensitive to pile-up a. This is achieved by consistently using topological cluster
energies for both the raw isolation and the ambient energy density corrections.
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BSackground
decomposition

e Several methods based on varying photon identification and isolation criteria are
used to determine the composition of the diphoton candidate events:

e Template fit: A template of the two-dimensional isolation energy distribution of the
diphoton candidates. Each dimension corresponds to the isolation energy for one of
the photon candidates.

o 2X2D sidebands: Extract 4 yields from candidates’ counts in signal region(Tl) and
background control region (non-Tight, non-isolated)
e MC inputs: signal fractions leaking to the non-Tight region, fraction: a = Njy/(Ny;

—>Main technique used in H=>yy and H=>Zy

¢ 4X4 matrix: All tight di-photon candidates are tested for calorimetric isolation,
defining 4 possible pass/fail outcomes: through the matrix, these are translated into
4 event weights, describing how much the event is likely to be vy, Vi, }V, I
e No MC inputs.
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3. The H=>yy analysis in ATLAS

Di-photon invariant mass reconstruction

I

e [he di-photon invariant mass is evaluated from the following expression:

W = \/ 2ELEZ [cosh(ny — ng) — cos(dp — do)],

Photon n has to be corrected by

the PV. The PV is identify by
. building a likelihood:

® [light direction of the
photons (using the calo
pointing tecnique)

® [he average beam spot
position

® The sum of |pT|? of the
tracks associated to the
PV
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P\/ selection
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o R e I I I I
- ATLAS simulation FWHM =3.94 GeV
0.081" work in progress E
0.07F
= H—yy

0.06F- my = 125 GeV

3. The H=>yy analysis in ATLAS

Ocg = 1.64 GeV
ocg =15

0.05E CP category 0
0.04F- Non-categorized

Global resolution model

0.02F-
0.01F

Ay = -369 MeV

.
1/N dN/dm,, /0.5 GeV

fop = 91.30 %

+cosboseobes | ooboseste_o_o_botes
905 110 115 120 125 130 135 140 145
m,, [GeV]

¢ [he signal resolution at a fixed mH mass is a function of 7 free parameters with large
correlations:

R (mw) == fCBCB [mw; HcB, XcB,O0CB;, ncB]
+(1— fep) GA [mw;ﬂcm OGA -

aCB 0.250761

0.95}-

fCB 0.304715

mCB 0.340912

mGA

nCB 0.340912
sCB | 0.250761 0.304715 0.264984
sGA 0.264984

aCB fCB mCB mGA nCB sCB sGA

0.9}
0.85}-
0.8}

0.75}-

mCB sCB aCB nCB fCB mGA sGA

Each parameter is highly correlated
all others (up to 99%),).
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‘D Calibration of
conversion categories

3. The H=>yy analysis in ATLAS

Ylead(2) Ylead(2) Ylead(2)
Ysubl (0) Ysubl (1) Ysubl (2)
Ylead(1) Ylead(1) Ylead(1)
Ysubl (0) Vsubl (1) Ysubl (2)
Ylead(0) Ylead(0) Ylead(0)
¥subl (0) ¥subl (1) Ysubl (2)

i work in progress ¢ .
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® Opposite sing shift
between categories 1-1
and 2-2.

® About 2% difference L
which is not negligible 0 ‘ 1 2
compared with average
resolution of 1.7 GeV).

119.62 GeV

Subleading photon conv-stat.

Leading photon conv-stat.

Friday, September 27, 13 105



3. The H=>yy analysis in ATLAS

MC photon energy scale

¢ |n order to test the photon energy
scale and resolution in MC, a

reco tLrue

variable A is used for each of the 3 A = i ,,.,,{)I
conversion categories for pI and n P
bins.
® The mean value of the A 1805 T
distribution is fitted with a gaussian 160" = 0492 0.00)%:
in a asymmetric restricted range 1401 E
between -1.5 and +2.0, set to 1200 E
avoid bias from potential 199 E
asymmetries in the distribution due Zg; E
to energy leakage. A0 E
015~ 7015
A (%)
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<A> (%)
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MC photon scale
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MC photon scale:
Corrected
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Why pTt?

e The categorization based on the pTt
variable leads to a better sensitivity
for the Higgs boson signal than one
based on pTgg due to the resolution
of pTt being better than that of pTgg.

e Moreover, the shape of the mgg
distribution based on the pTt
categorization can be better
described with an exponential shape,
which is not the case for the pTgg
categorization.
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e By introducing these pTt categories,
the expected sensitivity of the
analysis is improved by 5 — 10%
depending on the hypothesized
Higgs boson mass.

T
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Signal Yields brake down by processes

NG Category Events [New] 99— H (% VBF (% WH (% ZH %] ttH (%]
7 TeV Inclusive 79.4 87.8 f i 2.9 1.6 (.4
Unconv. central, low ppy 10.5 02.9 4.0 1.8 1.0 0.2
Unconv. central, high py 1.5 66.5 15.7 9.9 9.7 2.4
Unconv. rest, low ppy 21.6 02.8 3.9 2.0 iy | (0.2
Unconv. rest, high pqy 2.8 65.4 16.1 10.8 6 1.8
Conv. central, low prpy 6.7 02.8 4.0 1.9 1.0 0.2
Conv. central, high pqy 1.0 66.6 15.3 10.0 T g 2.5
Conv. rest, low pry 211 02.8 3.8 2.0 1 | 0.2
Conv. rest, high pqy 2.1 65.3 15.9 11.0 5.9 1.8
Conv. transition 9.5 89.4 D 3.3 | B 0.3
2-jet 2.2 D 76.7 (0.4 0.2 0.1
8 TeV Inclusive 111.9 87.9 7.3 ) 1.6 (0.5
Unconv. central, low ppy 14.2 94.0) 4.3 1.7 1.0 0.3
Unconv. central, high py 2.9 73.5 14.3 7.0 4.3 2.4
Unconv. rest, low py 30.9 03.7 4.2 2.0 g | i
Unconv. rest, high pqy P 72.9 14.0 7.9 4.7 | B
Conv. central, low ppy 8.9 04 4.3 1y 1.0 0.3
Conv. central, high py, 1.6 73.8 13.6 767 4.2 2:3
Conv. rest, low pry 26.9 03.8 4.2 2.0 i | 0.2
Conv. rest, high py, 4.5 72.1 14.1 8.5 4.8 1.8
Conv. transition 12.8 90.1 5.9 3.1 1.8 0.4
2-jet 3.0 30.8 69.3 0.4 0.2 0.2
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Categories
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71+ Background

Begd. Uncertainty
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Background modeling
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Category Tarametrisation Uncertainty [Ny
vs=TTeV /s=8TeV
Inclusive 4th order pol. Tl 10.6
Unconverted central, low pr,  Exp. of 2nd order pol. 2.1 3.0
Unconverted central, high pr, Exponential 0.2 0.3
Unconverted rest, low pp, 4th order pol. L 3.3
Unconverted rest. high pr, Exponential 0.5 0.8
Converted central, low pr, Exp. of 2nd order pol. 1.6 2.3
Converted central, high pr, Exponential 0.3 0.4
Converted rest, low pry 4th order pol. 4.6 6.8
Converted rest, high pp, Exponential 0.5 0.7
Converted transition Exp. of 2nd order pol. 3.2 4.6
2-jets Exponential 0.4 0.6

113



3. The H=>yy analysis in ATLAS

Observation of a new boson

- Systematic

uncertainties of the
analysis:

Friday, September 27, 13

Systematic uncertainties

Vs =7TeV [%] Vs = S TV [%]

Signal event vield
Photon identification
Effect of pileup on photon re¢/ID
Photon energy scale
Photon Isolation
Trigger
Higgs boson cross section (perturbative)

Higgs boson cross section (PDF+ayg )

Higgs boson branching ratio
Higgs boson pyr modeling
Underlying Event (2-jets)

Luminosity

+8.4 +10.8
+4
+0.3
+0.4 +0.5
+1

g9 — H: *}*. VBF: 0.3,  gg — H: '], VBF: 0.2,
WiE '00 ZH: 1S iH: 207 WH: 02 20E 210 nH- 22
gg — H + 2 jets: £25
g9 = H: 13, VBF: *23, gg — H: *5, VBF: 28,
VH: £3.5, ttH: +9 VH: £3.5, uH: £8
+5
low pre: £1.1, high pr,y: F12.5, 2-jets: 39
VBEF: £6, Others: £30
+1.8 +3.6

Signal category migration
Matenal
Effect of pileup on photon rec/ID

Jet energy scale

Jet-vertex-fraction
Primary vertex selection

Unconv: 4, Conv: 3.5
Unconv: %3, Conv: 2, Unconv: £2, Conv: 2,
2-jets: £2 2-jets: 212
low pr,
gg — H: £0.1, VBF: £2.6, g¢g — H: 0.1, VBF: £2.3,
Others: 0.1 Others: 20.1
high pr,
gg — H: £0.1, VBF: £4, gg — H: £0.1, VBF: £4,
Others: 0.1 Others: £0.1
2-jets
gg — H: 18, VBF: 39,
Others: #13
2-jets: +13, Others: 0.3
negligible

gg — H: 19, VBF: =8,
Others: 15

Signal mass resolution
Calorimeter energy resolution
Electron to photon extrapolation
Effect of pileup on energy resolution
Primary vertex selection

12

+6

+4
negligible

Signal mass position
Photon energy scale

- N e s

+0.6

- -~
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Observation
of a new boson
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Analysis Update

10°

ATLAS Preliminary

H— vy

VH enriched

VBF enriched

ggF enriched

Friday, September 27, 13

o

—

|

11

di-photon selection

l

One-lepton

W(= W)H, Z(— INH

miss

E, " significance

W(— W)H, Z(— vv)H

l

Low-mass two-jet

W(= Ji)H, Z(— j)H

l

High-mass two-jet
VBF

tight

l

loose

9 th-n-conversion

ggF

o LB L I T 7N ]' T 7 77 ] T & & 71 I T T 1T 71 ] L L I L] LI I' T 7 77
o) L
—  10*f——— Observedp (category)  ATLAS Preliminary =
8 . — Expected p ~ (category) —
& 102 }——— Observed g (inclusive) Hoyy .
— | Expected p: (inclusive) .
1= =P
10° = —— 30
10 Data 2011, \S=7Te1V 55
NS Ldt = 4.8 fb 3
107 J - 66
1010 Data 2012, 1s=8TeV  _|
12 Ldt=207f"' {70
10 12 — N -
10'14 _l ALl L 1 l | ... 1 Sendenilnik l enlanlnl J LAl Ll 1l 1 | l Ll 1 L 1 | - - 1
110 115 120 125 130 135 140 145 150
my [GeV]
% 102 g T T ] L I T Fr T ] L ] L ] L ] L L ] L L B
>° : Observed pZBF Hoyy 1
© -
E 10E — — — Expected p"®° E
- 0 -
— - §
N NS —{ 1o
10 T E
SR WY Data2012, \s=8TeV 120
102 - ILdt =20.7 b’ =
C Data 2011, \s =7 TeV 130
108 . =
: ILdt =481 E
- ATLAS Preliminary §
l Ll 1 1l l LA 1 1 l LA 1 1l l 1 :1 Ll l LAl 1l 1l l LA 1 1 l LAl 1l 1 l ALl 1 1 l

-4
10110 115 120 125 130 135 140 145 150

my [GeV]

116



Differential cross section

Define a binning for a variable
(Pt,, ly,|, cos(theta))

For each bin extract yield from
fit tom,,

For each bin, correct for
acceptance, efficiency,
resolution:

“unfolding”
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3. The H=>yy analysis in ATLAS

Properties measurements

Spin: Observed numbers of events in 2500:""-'"69545 2012 ' Nominalanaysi
the signal region as a function of % 2000:_ ‘éazfgrf'u“ﬁ)d L _::w

lcos theta*|, overlaid with the projection & - ——

of the signal+background components  5pof T mtmm et

obtained from the inclusive fit of the data
iINn the nominal analysis under the spin-O 1000

I]IIT]IIIT]

llllllllllllllllllll
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Signal strength
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CMS Higgs to diphoton

CMS\s=7TeV.L=51fb"\s=8TeV.L=1961b"’
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MVA and cut based analysis.

Expected signal and estimated background
SM Higgs boson expected signal (np=125GeV Background
Event classes £8 L & ((,l_ : FWH) M/2.35] My =SIZSGcV

Total | ggH VBF  VH ttH (GeV) (GeV) (ev./GeV)
T | Untagged 0 3.2 | 61.4% 168% 187% 3.1% 1.21 1.14 33 04
£ | Untagged1 || 16.3 | 876% 62% 56% 05% 1.26 1.08 375 $£13
i | Untagged2 || 21.5 | 91.3% 44% 39% 03% | 1.59 1.32 748 +19
% | Untagged3 | 328 | 913% 44% 41% 02% | 247 2.07 1936 +3.0
t~ Dijet tag 29 | 268% 725% 0.6% - 1.73 1.37 1.7 +0.2
~ | Untagged 0 17.0 | 729% 11.6% 129% 2.6% 1.36 ; v 221 £05
£ | Untagged1 || 37.8 | 835% 84% 7.1% 1.0% 1.50 1.39 943 +1.0
& | Untagged 2 || 150.2 | 91.6% 45% 3.6% 04% 177 1.54 570.5 +2.6
= | Untagged3 || 159.9 | 925% 39% 33% 03% | 2.61 2.14 10609 +3.5
& | Dijet tight 9.2 | 207% 789% 03% 0.1% 1.79 1.50 34 +0.2
* Dijet loose 11.5 | 47.0% 509% 17% 0.5% 1.87 1.60 124 +04
Muon tag 14| 00% 02% 79.0% 20.8% 1.85 1.52 0.7. 0.1
Electron tag 09| 11% 04% 787% 19.8% 1.88 1.54 0.7 +£0.1
ET tag 1.7 | 220% 26% 637% 11.7% | 179 1.64 1.8 +0.1
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Photon scale determination X? method

For each value of & the X? quantity is calculated using data and MC histograms of the three body
invariant mass:

Nbins (N” - Nll e .)2 i = bin label of the M, histogram
% 2 — E > Y Data >t 27/ ! ——> N, ;= number of events in each bin
1/2
i o Y Data >t t0 UyMC,i Gzzw,i ~ (Nﬂy,i)

X is extracted of a parabolic interpolation to the ensemble of X2 values:

2 = i
o—o. _\Unconverted Photons
%2 ( a) — ( min ) I %2 . 1000 ATLAS work in progress
o) min B ]
0) i ]
800 o, = 0.0024 g
o . = value of ¢ that minimizes the function 600~ ]
O = error on o : -
400— ]
200 .
The & that minimizes the - .
. . Nl | L ! |
function is the energy scale < T T o> i 0.05 0.1

Q
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ATLAS Work in progress
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Converted scales in eta
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Converted scales in Pt:

8 Odprr e s s T e
0.08 ATLAS work in progress = 0.08F ATLAS work in progress E
0.06F D E 0065 D E
004 = 0.04F E
0.02)- + = 0.02F 4 4 =

ot — : o T -
-0.02— — -0.02— —
0.04F- = -0.04F- =
0.06F- Data 2012, s = 8 TeV, J Ldt=20.7fb" = 0.06F- Data 2012, s = 8 TeV, J Ldt=20.7fb" =
-0.08?— 2 track Converted photons, Z— puy —f -o_ogf— 1 track Converted photons , Z— uuy —f

0101556 25 30 35 40 45 50 55 60 0161550 25 30 35 40 45 50 55 60
Pty n [GEV] Pty oion [GEV]

s O e S s T s
0.08 ATLAS work in progress = 0.08F- ATLAS work in progress E
0.06 D E 0.06E- D E
0.04 - 0.04F- E
0-02% 3 0.02]- E

of + - oF- E
0.02F _+_—F - 0.02F ‘*_ \ :
0.04- = -0.04:~> —— E
-0.06}- Data 2012, (s = 8 TeV, j Ldt=207fb" -0.06}- Data 2012, s = 8 TeV, J Ldt=207fb"
-o_ogf_ 1 track Converted photons , Z— eey —f -o_ogf— 2 track Converted photons, Z— eey _f

01615 20 25 30 35 40 45 50 55 60 0161520 25 50 35 40 45 50 55 60

Pt [GeV] Pt [GeV]

photon photon
Friday, September 27, 13 123



Photon scales with Z—uuy

photons with Et >25 GeV.

2
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Photon energy scale estimator, s.

CMS Preliminary 2011, Ys = 7 TeV
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in CMS

CMS Preliminary 2011, \s = 7 TeV
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Systematics

-

Vs Systematic uncertainty (%)
o(gg — H) a(VBF) a(WH) o(ZH) a(trtH) B(H — Zy)
Theor Yy SYS. scale PDF | scale PDF | scale PDF | scale PDF | scale PDF
TTeV | 3 35203 33|33 5| 4H¢ 35| 58] 85| 13
8TV | B9 s | =02 U8 | I 34| NG 35| N5 78| g
Systematic Uncertainty H — Z(ee)y(%) H — Z(uu)y(%)
Signal Yield
Luminosity 3.6 (1.8) 3.6 (1.8)
Trigger efficiency 0.4 (0.2) 0.8 (0.7)
Acceptance of kinematic selection 4.0 (4.0) 4.0 (4.0)
y identification efficiency 2.9 (2.9) 2.9 (2.9
electron reconstruction and identification efficiency 2.7 (3.0)
i reconstruction and identification efficiency 0.6 (0.7)
e/y energy scale 1.4 (0.3) 0.3 (0.2) .
e/y 1solation 0.4 (0.3) 0.4 (0.2) Experlmental
e/ energy resolution 0.2 (0.2) 0.0 (0.0) Sys.
4 momentum scale 0.1 (0.1)
4 momentum resolution 0.0 (0.1)
Signal Am resolution
e/ energy resolution 5.0 (5.0) 24(2.4)
# momentum resolution 0.0 (1.5)
Signal Am peak position
e/y energy scale 0.2 (0.2) GeV 0.2 (0.2) GeV
1 momentum scale negligible
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H=>/y first ATLAS result

At 125 GeV the expected and observed limits are 13.5 and 18.2 x SM, respectively.
Statistical uncertainties are dominating: neglecting all systematic uncertainties, the
observed (expected) 95% CL Imit at 125 GeVis 17.4 (12.9) x SM.

ATLAS Preliminary

45 : ! 1 I I I J 1 ' 1 I I 1 I 1 I 1 I ] 1 Olbserved T | : Q_O 10 = | 1 I I I I I I I I | I I J I 1 I ] T | l I I I 1 —
40 I Ldt=46fb' ys=7TeV Exrocion = [ _[ Ldt=46M" ys=7TeV — Observed p =
o Xp B ¥ - - - Expectedp_
35 Ldt=207fb ,1s=8TeV - B 3 det-20.7fb ,\s=8TeV 0
£ D ] ] ATLAS Preliminary

llllll |

95% CL limit on of H—>Z*/)/GSM(H—>Z"{)
N
U1

|

145 150

|

135

|

140

| -

120 125 130

m [GeV]

The expected pO at mH = 125 GeV is 0.443, corresponding to
a significance of 0.14 o, while the observed one is 0.188 (0.890).
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Table 2: Definition of the four untagged event classes and the dijet-tagged event class, the
fraction of selected events for a signal with my = 125GeV produced by gluon-gluon fusion at
/s = 8TeV, and data in a narrow bin centered at 125 GeV. The bin width is equal to two times
the effective standard deviation (c,¢). The expected full width at half maximum (FWHM) for

the signal is also listed.

Data
Signal
et (GeV)
FWHM (GeV)

Data
Signal
Ttz (CeV)
FWHM (GeV)

Data
Signal
et (GeV)
FWHM (GeV)

Data
Signal
otz (GeV)
FWHM (GeV)

Data
Signal
et (GeV)
FWHM (GeV)

.

ele oy [

Event class 1

Photon 0 < || < 1.44
Both leptons 0 < |y| < 1.44

Photon0 < | < 1.44
Both leptons 0 < || < 2.1
and one lepton 0 < |y]| < 0.9

Ry > 0.94 Ry > 0.94
17% 20%
29% 33%

1.9GeV 1.6GeV
4.5CGeV 3.7GeV
Event class 2

Photon 0 < || < 1.44
Both leptons 0 < |y| < 1.44

Photon 0 < [y| < 1.44
Both leptons 0 < |p| < 2.1
and one lepton 0 < |y| < 0.9

Rg < 0.94 Rg < 0.94
26% 31%
27% 30%
2.1GeV 1.9GeV
5.0GeV 4.6GeV
Event class 3
Photon 0 < || < 1.44 Photon 0 < (] < 1.44

At least one lepton 1.44 < || < 2.5 Both leptons in || > 0.9
oroneleptonin2.1 < |y| < 24

No requirement on Rg No requirement on Re

26% 20%
23% 18%
3.1GeV 2.1GeV
7.3GeV 5.0GeV

Event class 4

Photon 1.57 < [y < 2.5
Both leptons 0 < || < 2.5

Photon 1.57 < || < 2.5
Both leptons 0 < || < 24

No requirement on Rg No requirement on Rq
31% 29%
19% 17%
3.3GeV 3.2GeV
7.8GeV 7.5GeV

VBE class

Photon 0 < [/ < 2.5
Both leptons 0 < || < 2.5

Photon 0 < [ <25
Both leptons 0 < || < 24

No requirement on Rg No requirement on Rg
0.1% 0.2%
1.8% 1.7%
2.6GeV 22GeV
4.4GeV 3.8GeV
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CMS Results

Table 1: Observed and expected event yields for a 125 GeV SM Higgs boson.

. Sample | Integrated Observed event Expected number of
v Expecting about 16 luminosity yield for signal events for
- (fb 1) 100 < mgp., <190 GeV my = 125GeV
eventsin7 TeV + 8 TeV - =0 533 .
at 125 GeV. 2011 pp 5.1 2848 1.4
2012 ee 19.6 12899 6.3
2012 up 19.6 13860 7.0
CMS Vs=7TeV,L=5.0fb" Vs=8TeV,L=19.6fb"
R o L B L L L L R
o) .
B 35
8 — Observed
! === Expected = 10
g --=-=- Expected =2 o
-
O
o
{9
(0))

Ll 1

M [ YO S T [N [

fp -4

g Yog _pog g popig_p-§ )

g g —Jcogap
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ATLAS Preliminary
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E - ATLAS Preliminary —— Combined (stat+sys)
Y [ \s=7TeV:[Ldt=46-48f0" - Combined (stat only)
- \s=8TeV:|Ldt=20.7 fb" — H-w
61— — H-22" s a4
5 -
- A mass of mH = 126.8 £ 0.2(stat) £ 0.7(sys)
41— 26 GeVis found in the H—=Yy
- channel and a mass of mH = 124.3 +0.6 -0.5
3 - (stat) +0.5 -0.6 (sys) GeV in the H— 77(*)—
- 4] channel.
2 _—
1 P W N S N AN 1o
B L1l I | S . | Ll 1.1 | l Ll 1. 1 I L 1 1

\V)

1 122 123 124 125 126 127 128 129
my [GeV]
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\s=7TeV L=5.1fb™
CMS Preliminary \s=8TeV L=19.6fb"

:ll 6
a F m,=125.4+0.8
UM H =
S — Stat + Syst {0 gamma=
E — .1 25.440.5(stat.)+£0.6(syst.)
4
i H to ZZ to 41=
3:_ 125.8+0.5 (stat.) +£0.2(syst.)~GeV.
2
1
ks
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