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LAPP, Annecy le Vieux

@ Calorimeter studies for LHC Run 2
o Liquid Argon Calorimeter noise study and study of LAr samples
@ Performance studies in Run 1
e Photon energy scale intercalibration in ¢
@ Physics Analysis
e Signal modelling of H— vy Monte Carlo samples from 80 GeV to
1 TeV
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Search for a narrow resonance decaying to diphotons in

ATLAS
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Motivation

Zuzana Barnovska (LAPP, ATLAS) X— vy December 3, 2013 4 /38



we stand now in H— v in

e my = 126.8+0.2(stat) £0.7(syst)

GeV 3 e g
@ precision of mass measurement % s — e
~ 0.6 % dominated by photon s TE L T i
energy scale uncertainties :::;hnev,ju.:«w :
@ signal strength (wrt SM L i E
prediction) ju = Mot — i + A .
1.57 + 0.22(stat) 024 (syst) il e
e only looking at the m,, region & e 5°mw[ae;]“

between 100 - 160 GeV
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Search for other 'H'— ~~ states in ATLAS

Goals of the analysis:

o extend the mass region to 70 GeV < mx < 600 GeV

e search for additional Higgs-like states (apart from 126 GeV)
o Higgs singlet (G. Pruna, T. Robens. arXiv:1303.1150), extra Higgs singlet

coupling only to Higgs, interesting at low mass

o 2HDM model: h, H, A, Ht H™, additional doublet — one more scalar
@ set a limit on the fiducial cross section of a narrow resonance

decaying to diphotons in this mass region

e narrow = in experimental terms - up to the detector resolution

Zuzana Barnovska (LAPP, ATLAS)

fiducial = defining a region with the best sensitivity

provide a model independent measurement

analysis similar to SM Higgs search in diphotons

analysis split to low mass and high mass part (70-110 GeV, 110-600 GeV)
H(126) signal included as background
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Other searches for additional 'H" states decaying to +y so far

2015 R
=
§ CMS Preliminary —— Observed
b {s=7TeV L=5.1 fbi'
= s=8TeV L=19.6 fb" - Expected £ 1o
. . ., . >
@ CMS limit on additional 1 o A | Expected + 20
states in the mass £
. X
window of 110 - 150 GeV ©
@ ATLAS: extend the mass 0.05
region and measure '
fiducial cross-section
METENEN A el v by by ban

10 115 120 125 130 135 140 145 150
m,, (GeV)
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Event selection
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Event selection

Default selection - same as H— ~~

analysis Tight cuts - on shower shape variables
® 2012 data - /s = 8 TeV p-p collisions  |5qlation cuts
. . leading

@ diphoton .trlgger -E 777 >35GeV, @ to get a constant calorimeter isolation
ES‘;{’_’ead'"g > 25 GeV, loose schower shape efficiency with Et
criteria Q@ IS = leato (6 GeV cut) for ET < 80 GeV

@ standard data quality requirements: no @ /ST = lcaio — 0.7%(ET — 80 GeV) for
errors in calorimeter, data suitable for [:9;_0> 80 GeV

physics measurements .
@ total integrated luminosity used: 20.7 + Eta region: |77| <237

0.7 fb—!
Relative ET cuts To ensure model independence - the
@ +to provide better sensitivity for masses signal reconstruction efficiency needs

above 126 GeV (maximizing the ratio of the

significance with relative cuts wrt default cuts, plus

to be constant

leakage undercorrection) — using relative E1 and isolation cuts
o EIE /m, > 04, + defining fiducial volume

b— leadil
ESblesding 5 0.3
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Fiducial volume definition
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Fiducial volume definition

o for fiducial cross-section — correct the number of fitted signal events in
data for the detector effects: reconstruction, identification and selection

efficiencies
0.BR = % e=A.Cy A - truth acceptance
_ Nevents — Nselection . .
Uﬁd.BR = g CH = 7€M - correction factor, to assure model independence
C‘H Nacceptance

Acceptance cuts applied at truth level:
° E;eid""g/mw > 0.4, Ej‘#’_'ead""g/mw > 0.3 (relative = mass dependent cuts)

@ truth isolation cut (in MC): Py sum of all stable particles found within a cone
of AR < 0.4 must be lower than 12 GeV (corresponds to the calorimeter
isolation energy cut of 6 GeV)
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What are we dealing with?

‘2 — data
0 mm Drell-Yan
) . o m H(126)
o Slgna| mode“Ing new resonance
@ Background
modelling
@ a lot of
uncertainties
! { £
90 126 m-~y (GeV)
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Signal modelling

80 GeV - 1 TeV

Zuzana Barnovska (LAPP, ATLAS) > Yy December 3, 2013 13/ 38



Signal modelling

Signal modelling of mx:

@ MC samples (PowHeg and s 10g E
Pythia) in a wide diphoton o qep oM 3
invariant mass region (up to E 10; = narrow width 7
1 TeV - possibility to increase §
mass range after taking more e E
data in 2015) 10 E

@ simulated with a narrow width 10'2; f
approximation = reree s e

o my > 150 GeV 19780 100 200 300 400 500 7000
[x =4 MeV miGe]

o mx <150 GeV I'x = Tspyn
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Signal fit function

LNy s s 7 o Wy s S

Gaussian distribution

Double sided Crystall ball

@ Gaussian core in the center of
the peak (energy resolution of
the detector)

T
|

Sc%Low

10?

Oce-Chigh

Projection of signal pdf

T
|

power law
Mhign

@ power law tails - asymmetric
low and high mass tails
(calibration, material
mismodelling)

power law
“n

~(m) "

Amy
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Example of a fit - ggF at 360 GeV

normal scale log scale
- F & ~ = T o
3 a0l E 3 - 0 ]
2 500— - 3 s 3
- i I ' 3
G 00— E [ ]
300— - 10 4
200 B E E
100— = 1— -
85 505w 30 3!’»@ . Séd “30 360 30 400 40 31055 a0 50 %60 510 560 390400410
my (GeV) my (GeV)
e ! o = o -
J .g J | ‘ | ;
| H A -
25 H\ 1 3 “Mm‘ ‘OWW“‘ ‘ T \ [E
4= kY E
SR A N
085 08 -
0 320 330 340 30 360 370 380 390 400 o 30 320 330 340 350 360 370 380 390 400 410
my (GeV) my (GeV)

pes, tlocg, 0CB-CLow, 0 CB.atpjgh
— obtain 6 parameters from all mass points
— plot them as a function of myx
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= e — mx and ocg — width of the Gaussian core

I LN I

®ggH

3y, [GeV]
2
§
Ll

o

A\

2.5 ?\ 2=
3l P S P T B oLl v L1 P I S I S S
0 200 400 600 800 1000 0 200 400 600 800 1000
m, [GeV] m, [GeV]

— ocg dominated by the detector effect
— determine the appropriate function describing the parameter evolution with
mass - a parametrization
— use the parametrization as input for a multiple mass point fit
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Multiple mass point fit, ggF, select samples

; T T T
8 10l ¥3/n = 573368.9/4200
g =
2 C
§
@ 10°E

10
s 1o
3 1E
Y=
z E
3 oE

05E

4E
155

— simultaneous fit of multiple mass points
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Comparison of single and multiple mass point fit results

o

-2.5

s
3 =
S.05—
- 0.5
E T
< .
.

&

® single fits ® singlefits
.. single fit parametrization . single fit parametrization
— multiple fit parametrization —— multiple fit parametrization

&

o
L L L L B

N

A b b b b b

o
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o

— excellent agreement
— input into the limit calculation
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Background modelling
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Background modelling

Main backgrounds:
@ irreducible
e Standard Model diphoton

Born

production Q } -
o H(126) included with =1 i
(SM-like)

@ reducible

Brem Box

— WA &m
0000 0000
: S !

]
T

]

ln T
29

28

e ~-jet, jet-jet pair events (one or
two jets misidentified as
photons)

e resonant (Z) and non-resonant
(Drell-Yan) e~e™ production
with electrons misidentified as
photons

V-

55

5
&3

et

P
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Background modelling

@ GOAL: finding the proper
function to describe data
in much larger mass range
then before: 70-600 GeV

@ blind analysis - model on
Monte Carlo background
samples - Sherpa, Diphox

@ challenges:

@ Drell-Yan peak (around Z
mass)

Higgs peak (126 GeV)

@ turn-on at low mass
(around Z mass - trigger
choice)

@ Drell-Yan on top of
turn-on

@ spurious signal

Zuzana Barnovska (LAPP, ATLAS)

Events / GeV

F T T T T T 4
L ATLAS Preliminary —eyy+DYData 1
2500;7 Data 2012 —=— yj Data 3
1 " (s=8TeV, [Ldt=13.0f" —.—jjData 3
[ —}— Stat. uncertainty |
2000~ “M’ " Total uncertainty |
L o4 ]
1500 E “““ ¢ :
F Fomet ]
r L ]
= 0494 0. 7

.. o
.o [ |
osese d
[T 3
- ".".l.-"“""n-.--.-n - |
e an e

110 120 130 140 150 160
m,, [GeV]

data

Drell-Yan
H(126)

new resonance

f + D>
20 126 m~yy (GeV)

December 3, 2013

22 /38



Background modelling - Drell-Yan template

@ to obtain a template - need to properly
understand fake rates to correctly estimate
the position and amplitude of the Drell-Yan
peak 102

T T T T
ee as conv-conv 1y

ee as conv-unconv 1y
ee as unconv-conv 1y

Entries/GeV

ee as unconv-unconv vy
Total

@ fake rates - electrons reconstructed as 10
photons and vice versa

JLU L L

@ use Z— ete™ MC events to estimate fake

» s |
rates 1056708090 f00 M0 120 130 40 150 160

£
g
g

@ to get the best description - introducing

conversion categories at low mass, splitting g; o =
the analysis to low mass (70-110 GeV) and g tec =
high mass part (110-600 GeV) § e E

. = nos

@ obtain 3 templates (converted-converted, i 3
08— o |

unconverted-unconverted, E E
06— S |

converted-unconverted + E E
0.4 4

unconverted_converted) 6 7‘0 8‘0 Sb 100 110 |2l’0 130 1150 150 160

@ use the templates in the final background fit Ml
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Background modelling - spurious signal uncertainty

computation

— data
— fit
spurious signal

@ spurious signal - number of
events fitted as signal in a
signal plus background fit
while only using background
events (high statistics MC)

@ in ATLAS: must be below 20%
of background uncertainty

T T 2 T
30 — various fit 4
B —— functions |

Spurious signal
N
(=]
T
|
L

= I L | I | I I 1.
100 150 200 250 300 350 400 450 500
m [GeV]
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Systematic uncertainties
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Systematic uncertainties

Signal yield: Cy factors:

® luminosity, trigger, photon @ production processes

identification, isolation efficiency, o pile-u
photon energy scale P P
. . @ multiple parton interaction
Signal modelling: ple P

@ pile-up - difference between candidates Background modelling:

from low/high pile-up conditions @ spurious signal
@ uncertainty coming from the @ Higgs background theory (ggF,
different production processes VBFH, ttH, WH, ZH)

(besides ggH, there is VBFH, VH, ttH)

@ photon energy resolution

@ = % + C, A = sampling term,

@ branching ratio

@ Drell-Yan background modelling:
C = constant term normalization, energy scale,
(noise term is negligible in this study) resolution, shape
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Systematic uncertainties - signal modelling

g Fusion T Fusion

] pile—up: studied the effect of low and high pile-up - R N—
multiple mass point fit of events coming from low '
(p < 18) and high (© > 18) pile-up events «
— then computed the event yield difference between
the two obtained parametrizations — NEGLIGIBLE

@ production process difference: determined
a below 1% systematic uncertainty on the event yield
due to production process

'WZ Fusion

@ photon energy resolution:
o(E) ~ A B

A =~ 9.5% sampling term

B =~ 250 MeV noise term

C =~ 1% constant term

=~ 20% at 126 GeV

g (GeV)

1000
m, (GeV)
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Results
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Statistical model

Maximum likelihood method:

@ performing an unbinned likelihood fit on the whole m,, range - split to
two parts

@ high mass part :new resonance X, Higgs at 126 GeV, background

= Nx(ofa, mx, ()}V,x ,0ss)fx (my~, mx, xXx(mx), 0,)
+ Nu(p, Oy ) (Mo, mi, X(me), 04)
+ Nokgforg (Mo, E(mp))

L(My~; ofid, Mx, b, MH, Npig, €, 60)

@ parameter of interest: oy

@ nuisance parameters: PDF parameters, background, efficiencies

Likelihood including the extended and constraint terms:

=

»C(O'ﬁd,mX7N7 mHvakg7£7 9) = R
e (MM Mos) [T, £(mos o0, mx, o, i, Nog, €, 0)| [TTEm exp (=5 (6 — 07)?)]
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The expected limit on fiducial cross section

LI I L N L O O Y O B B |

RET]

95% CL limit on
1
)

B 1op sk

P P 1 L
100 200 300 400 500 600

@ stay tuned for the final result - paper coming soon

Zuzana Barnovska (LAPP, ATLAS) > Yy December 3, 2013 30 /38



Conclusion

@ important to search for new diphoton resonances
@ setting a limit on the fiducial cross section may help exclude some models
or at least parts of their parameter space
@ personally:
e provided the signal parametrization for this analysis
e computed major systematic uncertainties

@ analysis in finishing stages, approval process soon, publication expected in
early 2014
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BACKUP
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SM Higgs width

—_
o
w

e

—_ o

o S
T
LHC HIGGS XS WG 2010

\\

107

T
T

102

100 200 300 500 1000
M, [GeV]

K
e

Zuzana Barnovska (LAPP, ATLAS) > Yy December 3, 2013 33 /38



SM Higgs production processes

gg Fusion tt Fusion

8

WZ Fusion
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SM Higgs production branching ratio at LHC

—_

LHC HIGGS XS WG 2011

-
Q

Higgs BR + Total Uncert

10#

oy i A AN —
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Photon energy resolution

Energy resolution ek e
energies
- invariant mass

my, = /E1E3(1 — cos 0;3)

- error of the energy of individual photons

@:ieeﬁe@ a=~95%
E VETE b = 250 MeV

- at high mass, only the constant term is important c~1%

- error of the energy of a diphoton system

Imyy = l (&)Z ® (%)2 1) 961, 2
my, 2 E; E, tan (%)
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BSM models - 2HDM

—

Some results for H-HWW ¢
https://atlas.web.cern.ch/Atlas/GROUPS /PHYSICS /CONFNOTES /ATLAS-CONF-2013-027)

T
ATLAS Preliminary

Jedt=13m" ys=8 Tov
2HRM Type-I| tanp=1"]
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i
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Zuzana Barnovska

150 200

LAPP, ATLAS)

250
m,, [GeV]

300

X— vy

1 T T T
= ATLAS Preliminary
[ Y [Ldt=131b" \s=8 TeV
0.5F % 2HDM Type- tan=50"]
HoWWosevuy
\
oF j ]
/
:
-0.5F ‘ - Exp. 95% CL 7]
[ — Exp. 99% CL
[ Obs. 95% CL
55 Obs. 99% CL.
A
i
150 200 250 300
my, [GeV]

December 3, 2013

37 /38



BSM models - 2HDM A— ~~

B, Grinstein, P. Uttayarat, arXiv:1304.0028
No coupling to gauge bosons — v competitive below tt and HZ threshold

tan = 1.0, My = 380 GeV tan = 1.5, My; = 300 GeV
1= m 1
g 017 e z o0l
2 . E
2 o0l T w g oo
z H
g2 2
g — g
3 0.001 vy 3 0001 77
107 - - 107
100 150 200 250 300 350 400 450 340 360 380 400 420 440
MiIGeV MilGeVl
tan = 1.0, My = 130 GeV tan B = 1.5, My = 130 GeV
I— . et e et

HZ

Branching Ratios
o
=
Branching Ratios
o
=

1074+ z 4
340 360 380 400 420 440 340 360 380 400 420 440

MalGeV] MalGeVl
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