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How would the SM Higgs be produced at LHC!?

o(pp —H+X)
Ve =14TeV
16 :\ gg —sH m, =175 GeV
| i - CTEQ4M
= 1 ) ““':::\“\\\\ T
& qa —HAQ T T
© 1071 \::\ Promee
107 -
" S :__‘_Z{_(Z‘J:-.(.l‘f—l —sHtt
1073 M. Spira et al. gg.ad—sHbb e _‘__:"‘*~:_:‘~'“:4;1~:;";';--_--;-:
104 ...{\JI;(?.Q.C.Dl AEENET BN ST U NN AT AT AT AT TR A A |...“-.-“.h.l-‘g.]g."_'::iLT.*.
0 200 400 600 800 1000
My, (GeV)
Typical uncertainlties on total cross-sections
WT g9 10% NNLO + NNLL + NLO EW
LN S VBF 5% NNLO + NLO EW
m&;&w T WH, ZH 5% NNLO + NLO EW
associated production (ttbar) i L —
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Cross sections and rates (at |4 TeV)

Fermilab SSC

CERN l L*f
v -
T | ! "
|
| G 1oy E710 —
UA4/5 :
- - I N
(.) LI Ll :
1mb-— ) ' n
g E 5025 TeV
°
é cw -»lv) .
®“1nb
UA1/2
| | o PP
Gau_ma = 500D r\a\lll
| 02? _ mlup- '
mmo— 175 GeV ——
1 pb my= 100 GoV ™~
T, .
—_ =1TaV -
(8] Hipg

| |

0.001 0.01 01 1.0
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100

10¥ em2 s

Events /s for -

Total inelastic cross-section: o~ 100 mb

bb production cross-section: o~ 100 ub

W (=1 v ) production cross-section: o ~ 10 nb

Higgs (m,=150 GeV) cross-section: o ~ 10 pb

Total o / Higgs ¢ > 1010
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How would the SM Higgs decay?

= — T T T T3
= b N,/ TWW T SNem—— - E
: .......................... -: g
.'./ |
7 : ' N I
00 200 500 1000
My [GeV]
]
] ]
HE
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E I 1T I I I I I T T
10°F
10 [
1
107k
107 2L 2
o
-3 o
10 1 L1 1 I 1 1 1 1 1 1 1 1
50 100 200 500 1000
My [GeV]

bb = my, < 130 GeV

vv > my <[40 GeV
Tt > my < 150 GeV
WW= 2m,, < my<2m,
ZZ - my > 130 GeV



Where is the Higgs boson hiding?

LEP direct search: my >

| 14.4 GeV

EWV fit favors m, < 163 GeV

g —laha= / /,_/:1'63 GeV

Marco Delmastro

_ " V _
kIS Aahad =
ok 5 — 0.02758+0.00035 A
1 s i =+ 0.02742£0.00012
4 - % Yeee incl. low Q% data -
> 2. J
35 3
2 =4 -
1 - ]
0 | Excluded N Preliminary
30 100 300
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Tevatron Run II Preliminary, <L>=591b"

1 1 1 1 I IIIIIIIIIIIIIIIIIIII I 1 1 1 1 I 1 I T T I llllllll
LEP Exclusmn T evatron
R N N . Exclusion
_.ll ........ Expected .............. » ............. .. .......................................
e Observed
L - [ 1o Expected- i . b -
- . [ ]-#2c Expected i - S e S |

-------- <-—-—-—--——-—Tevatron Excluswn{ulylgzqm—

IIIIIIII IIIIIIIIII’IIII|IIIIIIIIIIIIIIIIIIIII

100 110 120 130 140 150 160 170 180 190 200

mH(GeV/c )

excludes ranges 100-109 GeV and 158-175 GeV

CDF+DO direct search combination (~6 fb-')
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LEP exclusion at 95% CL _
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Why photons!?

l lIlI'lI|
o

100 200
My [GeV]
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VWWhat

do we use to

photons

from the Higgs boson d
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ATLAS

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets  Solenoid Magnet  SCT Tracker
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Pixel Detector TRT Tracker
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ATLAS liquid argon calorimeters

I
z ]\ -

=

LAr hadronic
end-cap (HEC) =

.\ \ A\ : /A '

LAr eleciromagnetic
end-cap (EMEC)

LAr electromagnetic / - 4
l/ < b ’
barrel ‘ // o
LAr forward (FCal) /

v EM Barrel : (|n]|<1.475) [Pb-LAr]
v' EM End-caps : 1.4<|n|<3.2 [Pb-LAr]
v' Hadronic End-cap: 1.5<|n|<3.2 [Cu-LAr]
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ATLAS EM calorimeter

Towersin Sampling 3
ApxAY =0.0245:005 :
i * SO (Presampler)  Energy loss correction

Trigger OWe
T §n30,1\ S| (Strips) Y/T10 separation
» S2 (Middle) Main energy deposit
;@*‘“& 16%q \I\ « S3 (Back) High energy showers,
\Z T hadr/em separation
7N ® 7 0.005,
43X,
) ///////////A / oB _ _a_m b D c
§ ’ ﬁ T —l E V E ~ E
~147rfm,: Rp/A/N/A
T NN
A=0,02.1<
T

® . _ .
s A.,:OIOT\ 1sector:An =0.2 gignal layer for barrel electrode
4 025 e S s
= 0003 Strip towers in Sampling T e '
1 ' 7 7 /) S

Lead thickness : 1.53 mm 1.13 mm >
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A narrow mass peak...
M~y = \/E] Ey (1 — cosais)

Marco Delmastro

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII:
ATLAS Mean=(119.72:0.01) Gev_;
0=(142+001) GeV -
At least 1 converted y ]

my = 120 GeV

Vs = 14 TeV

105 110 115 120 125 130 135

- RN Y
My~ El E2 tan 192
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... on a large background!

300

230

200

do/dM,,, [fo/GeV]

150

100

50

Reducible bkg

1 | L I | L | | I l:
m,, = 120 GeV
- Signal Vs = 14 TeV

—| Irreducible bkg -

110

Marco Delmastro

——
11
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“Irreducible” background

q - vy g -

7A | Y A
; - v -
g

q

Aqg Par‘l’on
'Fragmer\'i'a‘l"vor\

q ol
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“Reducible” background

g - q .
g g
Aq /,’71.0
-
q > o \\\
q - Y P
/’0/ Y
B 7 000000 -~
\QQQ Y
q - g \\‘\\\\
g Y
QQQQQ@-»-@WWQ
p o(rj) ~1030(r 7)
o(Gj) ~10°0(r7)
q - g
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How large is the “large” background?

Mg (GeV) 110 115 120 130 140
Signal 20.1 204 20.7 185 14.1
Yy 5540

Yj 2500

Jj 360

Drell Yan 90

Total background 3490

Table 12: Numbers of signal (H — 7yy) and background events expected at an integrated luminosity of
1 fb~! for /s = 7 TeV. For the backgrounds, the number of events is estimated in the mass window of
[100 — 150] GeV.
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8 = ATLA invacidant mass -
B e — . —
= ——— reso\u‘\’lon _
_%t (d‘n)P\wo‘l'on .
g medsurement 2

110 120 25 130 135 145 150
My, [GeV]
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How

can we distin

< Pphotons

from jets
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How does a jet faking a direct photon look like?

hadron'ic ac+‘.v‘.+3

around the 4_.
p‘wo‘l'or\ candidate 0

\\\\ neu‘\’ra\ hadron
decay in TWO
\arger shower, maybe +wo + '
separdted pedks”? PL\D ONSs:
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A EXPERIMENT

Run Number: 155160, Event Number: 44820761
Date: 2010-C5-17 12:51:29 CEST
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A EXPERIMENT

Run Number: 155160, Event Number: 7203050
Date: 2010-C5-17 08:22:09 CEST
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A well-segmented EM calorimeter comes at hand!

Towersin Sampling 3
ApxAn =00245x005 Back

Trig
AT°W%$r
P =0.008>

-~

\

trip towers in Sampling 1

Presampler in front
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Y candidate

'

Cut on HAD leakage,
2"d sampling of EM

Rejects jets with
high energy pions
and wide showers

A 4

Cuts on [t sampling
of EM calo

Rejects jets with one
or more TI,n, ...

A 4

Isolation cuts
(ID or EM calo)

Rejects low
multiplicity TT° jets
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Discriminating variables for photon ID

Hadronic Ieakage Ehad 1 E.nd ! is the energy in the

first layer of the hadronic

Rhad1 — E calorimeter behind EM
T

cluster

Middle layer (S2) variables

containment in 7] containment in @
E3 X7 E3 x3 ES2, . is the summed
Rn R¢ — energy of S2 cells in a
E window of size XxY
E7X7 3x7 (7X@ units)

2 2

Z Elnl Z Elnl Lateral width (physical units)

w2 — calculated in a window of size 3%5
\ 2L E; 2 Ei

(N *x @ units)
Delmast Photon physics at the LHC with the ATLAS detector
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Discriminating variables for photon ID

Front Layer (Strip, S|) Variables

Y

E(x3) - E(x1)
E(x1)

Containmentin 7
E(%n) is the sum of E in *n strips about max

F side —

AE =|ES, - ES! |/ Mev

2ndmax

ES! . is the energy of the strip cell
with least energy between the |5t and
and 2" maxima

TT1°

ol =

ESl _ESl

T 1*max ond max
E ratio — E S1 E S1
15t max 20d max

Asymmetry between |5t and 2" maxima

Z Ei(i - imax)2
2 E;

Width (cell units) using 2 strips about max.

Ws3 =

Wy tot Width (c.eII units) us-ing ~ 40 strip
cells,20in 7 and 2 in ©.
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had)

1/N dN/d(R

R

1/N dN/d(w )

tot
n1 )

1/N dN/d(w
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Discriminating variables in simulated data
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1N dN/I(R )

1/N dN/d(AE) [MeV']

n

1/N dN/d(w® )

unconverted
photons
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Discriminating variables in simulated data

converted
— 1 T T T T T —~c e
o’ | < " photons
3 10F 2 2
4 E © o
> i Z Z 102
Z 10%fF 3 - AR RN -
- F N\ AR e AR RN RN RN
3 AN \\\\\\\\\\\ AR RN RN 10°®
“r | N A
104 AN AR R RN RN RNN 104 AN
NS NN ; N\
- AN AR RRNNRNRNY AN
10° AN ARNRN 10° AN
e b l \ A N\
005 0 005 01 015 02 025 : 02 03 04 05 06 07 08 09 1 141
l:‘had RTI R¢
i;;’ 10 3 %’ é
2 3 2 m
Z 102 . > ~
. N = >
10 o
O\ 3 P
N ; )
10° N L
AR 3
10-5 3 W . e 9 3
0 0005 001 0015 002 0025 0 01 02 03 04 05 06 07 08 09 1 01000 2000 3000 4000 5000 6000 7000 8000
W, E.. AE [MeV]
45’\— 1 —~o —_ =
% o e .
~ =g o E
g T 2 g ;
©
z N z T
= 10° NN = - 5
-3 \\ -
10 ‘ - E
O\ ]
10 AN i
NN f
107 F E
I — 6 8 10 12 14 )
w:]o: side Wfﬂ

Marco Delmastro Photon physics at the LHC with the ATLAS detector 33



Photon identification efficiency in simulated data

> | I | LI | LI | | L | | l | L LI | LI
I :
§ i e Af_A_.A.M-Af&-A—A—A—A—A*A—A—A—A—A—A*A-A—A—A—AﬁA-M-:A—A-
HG_J — .A.-A- _.__._-Q-O-“"." -0-0-0 . -‘_
S 0.8 -._...'.'-.- —
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Entries/0.025

Entries/0.025

10°
10°
10*
10°

102

Discriminating variables in real data

|||I'Iq lllﬂ" |||I1" llllll" Ilqu T

ATLAS Preliminary
Unconvertejd photons

\s=7TeV, |Ldt=158nb"

e Data 2010
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ATLAS Preliminary
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Entries/0.025
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(] Simulation (prompt )
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Discriminating variables in real data

8 LB BB L L L L L L LN L LR B a 106
S o'k ATLAS Preliminary - S ATLAS Preliminary
% E Vs=7TeV, TLdt =15.8nb’ . % " Vs=7TeV, | Ldt=15.8nb"
2 N . 2 10
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2 " 2
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Photon identification efficiency from real data

|

'l<0.6 e Simulation,\'s =7 TeV
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& Isolation energy

1

I

Corrected for :I: . 1 Corrected for

the photon contributions from
energy leaking soft-jet activity,
outside the pileup and
cluster underlying event,

estimated event-
by-event by using
low-p jets and
their areas

\ 7’]

7

A R S A 2 A 2 4 Cacciari, Salam and Soyez, JHEP 04, 005 (2008)
— ¢ —I_ 77 < . Cacciari, Salam and Sapeta, JHEP 04, 065 (2010)
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Ambient energy density

| PV

= T o PYTHIA: 440 MeV
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6000~ ° | -
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2000[* ., =
O;:llllllllllllllllllllllllllllll:’;"llmw
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Isolation energy (all photon candidates)

% 7 — 1 1T 1 L L | L | L L L L=
o 10E ATLAS E
7 - \s=7TeV, f Ldt =878 nb” :
2 10°F i
c - e Data 2010 5
L N 8 Simulation (fake v) 5
10°E [ Simulation (isolated prompt y)_
- Simulation (non-iso prompt y) 3
104 E_ —E
10° <

102 1 1 1 | | 1 1 1 | | 11 1 \iggls:\\t\
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VWWhat

can we learn from

< Pphotons

production
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A lot of interesting physics!

' 00000000 ———" ' — T 000000
| Y qy Ad
q > v g - QQQOOQQAW 4 > 00QQQQQQAQAQAAQW 4
Compton scattering annihilation fragmentation
test of pQCD

predictions using a
measurement without jets

more important at low E;

suppressed (but not not completely
killed!) by isolation cut

probe the gluon
content of the proton
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Photon candidates in inclusive sample after cuts

% E | L L L | L | L T 1T 1 L L I;
Q) A - ATLAS ]
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“2D-sidebands” purity estimation method

o
>~

fail tight cuts

pass tight cuts

llllllllllllllllllll
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10 15 20 25
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Ngg = N°-N G
NB pmA
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NA MB
1 1 1 1 I 1 1 1
30 35
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Purity estimation: two (small!) corrections

NA = NA_ NBM_A<//’ No signal in control regions h
S8 M- * No correlation between isolation
P o 1 NB MA energy and discriminating variables in
- NA MB background Y
i A A T A B
A A B A M= alNGe | [ Nog My
Ngg = N7~ (N7 = c1Ngo) MB — caNA || NB A
! 3 sig _ bkg ~ " bkg
N
P = < Corrections for Corrections for

A : :
N signal leakage correlation
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Photon fraction Photon fraction

Photon fraction

Data-driven photon purity
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Inclusive direct photon cross section

r—

Isolation < 4 GeV ’_> 10% __ o ATLAS _| Scale variation
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w0 s — JETPHOX NLO pQCD 2E;7)
S F - y
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1 02 - —— JETPHOX systematic uncertainty_|
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Inclusive direct photon cross section
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VWWhat

Marco Delmastro

can we say about

Higgs bos

with the photon measurements
already done at LHC
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Identification cut (T)

15t candidate
fails

15! candidate
passes

Twice the 2D-sidebands method

L-L sample, 1% candidate
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Identification cut (T)
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fails
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passes
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e N*: signal and background (N4= Nﬁg+ kag)

e N5: only background (N8= bkg)

e M*: only background (M*= bkg)

Myip)- MA
Ni, =N =N, =N*"-N°'—
g — g MB

e M3: only background (M8=

leading candidate is a photon,i.e. ¥ ¥ and 7 -jet

e N'4: signal and background (N4 = Ng'f;+ Nl;’f:g)

N’B: only background (N'2= Ngfg)

e M'A: only background (M= M{,ﬁg)

e M’B: only background (M'8= M{,{fg)

MIA
N;f; _ N/A . éﬁg _ N/A . N,BW
[

leading candidate is tight and isolated, and sub-leading
candidate is a photon,i.e. ¥ ¥ and jet-7 !
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Diphoton spectrum vs my~
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Projected sensitivity with | fb"! at 7 TeV
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How much data for a discovery (or exclusion?)
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ATLAS Prellmlnary (Slmulatlon)
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