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Hoyy RRORE

H ________
€ H-yyDIFH W/t
- IR IS, 0.1-0.2%EE/ME LY, y
BIRVEHRLY, (arXiv : 1201.3084)
5 BT
+ $¥IC mu=110-130GeVEIHIC 1T S 5 i
sensitivityhE )\, EW* -
& HRESR (background) EN
+ Irreducible (SM7AOtAH5< 3 \WER) 10
+++ Main contribution y
* Reducible ::+ y+jets, di-jet B R L
» Drell-Yan (Z—ee) **+ Contributionl3JEE C/hE (Y,
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Event selection & categorization

¢ Event selection : F—ahSEE2RFEED
20NEFHENENORFOFELEER, INPF1RATLA
(Et(y1,y2)>40, 25GeV ) (ATLAS-CONF-2011-161)

(2T R Hi— (Er>206eV) )
RFOELYVa Y

v |In|<1.37 or 1.52<|n|<2.37

v Et(y1,y2)>40, 25GeV

v photon-ID

\/ Isolation-cut /

4 Event categorization :

Significance% LIF3~<.,
TRV PEIDICHTET B,

(—RRA)
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—) Unconv event

i -gn/ v 2%8F & HlcUnconverted
Event categorizati _

4 Conv event

v BB EH—HORFH
e _ converted
1.75 L

s

075 2EPEIC L B
f \\\c ) \ /R ner) Event categorization
5 catego es (eta, 'conv)

- (1) Unconv/conv & & Un

ZRHWT, 1IN M%E
Low = pTt<40GeV (dominant), high = pT >\\0G9V\ 59‘hﬁﬁo

9 categorigs (pTt cat. method)

\ 7=
CP1CP2 CP3CP4  CP5CP6 CP7CP8 CPO | 4umm (2) PTEZHIL A5,
low, high low, high low, high  low, high {0 Low pr.t (<40GeV)

4 High prt (>40GeV)
CprtDEFEMIIIRE, )
SB&XU % FI)v0Omass resolutionlcib U= E%Z2To>TL\3,
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pm:Gﬁﬁﬁ

(pT.t = “pr-thrust”)

+ “Thrust axis” #E&H: = 13T(71)_13T(72)

!

» Thrust axisZ B3 & L 7=pr(yy)DIEE D %
pr.t (“pr-thrust”) EEHRI 5.

T thrust axis

+ ptt has more discriminative power than pr(yy).
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BG modeling
100-160GeV5EIEDOM(yy)2 % % single-exponential Tfitd 3,

ATV —-0OM(yy) AR MV | (ATLAS-CONF-2011-161)

> 180 T T T ]l = 60 T T T T 1 3 250 T T T 1z 100F T T T T 3
ALY \s:7Te\AJLdt:4-9fb‘ 1 ¢ sof \s:7Te\AJ-Ldt:4.9lb‘ T O \s:7Te\adet:4.9fb‘ 13 & \s:7Te\aJ-Ldt:4.9|b‘ 3
E G . r 41 =3 &£ = E 3
o 140 Uncanverted central, low Py 3 i) r Unconverted central, high Py 3 5 200 Unconverted rest, low Py 4 @ 805 Unconverted rest, high P, 3
c 1 c 3 ~ - E 1 - |
g 120 ¢ Data2011 3 [ « Data2011 1 o ¢ Data2011 1 g TF « Data2011 3
w 5 —— Exponential fit 3 w L Exponential fit ] 150 —— Exponential fit 4 ¥ f—+ Exponential fit 3
E 3of- 3 1 507 + + E
80 - E | 4 3
] : ] 100F- 7 40; E
60 3 20 :7 + 7: 9 30;_ E|
40f- E E ] o 4 E
| 10F 50 20¢ + E
20F aras ¥ L ATLAS ATLAS ] 105 ATLAS 3
L L L 1 1 B C L 1 L L 1 | L L L 1 1 = L 1 L L 1 L)
foo 10 T2 130 140 150 160 foo "0 120 13 140 150 160 foo 10 T2 130 140 150 160 foo "0 120 13 140 150 160
m,, [GeV] m,, [GeV] m,, [GeV] m,, [GeV]
> 140 T T T 7 > 40 T T T T 7 > T T T 7 > 100 T T T T 3 > T T T ]
8 18 E 18 3% eb v 3§ 120f T
'~ 120 \s=7TeV, | Ldt=48fb" ] T 38F 1s=7TeV, | Ldt=49fb" 3 S 250 \s=7TeV, | Ldt=491b ni E 1s=7TeV, | Ldt=491b 1 = \s=7TeV, | Ldt=491b ]
- 1 - £ o ul 1 = E =) B
il Converted central, low p. ] a 300 Converted central, high p. | € Converted rest, low p. 1 80E Converted rest, high p. 3 ¢ 100 Converted transition ~ —|
£ 100 "4 5 F T 2 20 " 45 1w L ]
g X ¢ Data 2011 q g E e Data2011 3 o - ¢ Data 2011 {1 ¢ e Data2011 T, ¢ Data 2011 1
w i —— Exponential fit B w o 25g —— Exponential fit E —— Exponential fit {1 I g0 —— Exponential fit | 80 — Exponential fit  —
] 20, K 1505 E 50 E ]
q F = q E El 80[- 4
60 & F E ] 40F = ]
1 15 3 100f- = E % 40 ]
= i E k| ] 30 -
“ ] 105 3 b o E i
20F + st 3 sF E 4+ a0 -
ATLAS ; F ATLAS E ATLAS 107 AtLAS 3 ATLAS ]
| | | 1 1 B 1 1 | 1 1 | | | | 1 1 = 1 1 | 1 1 3 | | | 1 1
foo 10 T2 130 140 150 160 foo "0 120 Ym0 140 150 160 foo 10 T2 130 140 150 160 foo "0 120 Ym0 140 150 160 foo 10 T2 130 140 150 160
m,, [GeV] m,, [GeV] m,, [GeV] m,, [GeV] m,, [GeV]

Fit function& L TexponentialZ {5 Z & Dreliability :
- IRTTH L3 function model (= exponential)
«c BONY V2927 F3HDH
DEVHREICESLEWA? ) RHERED studylcHEWVTHERT 5.
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(3¢ InclusiveDIBERIC DOV T D Hstudy., )
ZBGR 2 NDIEE (data-driven)
BRRERICE2<EFEDLEVH, reducible BGHATAMWASNhTWIHhEH%
&® vyl ytjet | di-jet : CheckTZ& 3,

23t F D Photon-IDE# & & UlsolationZ# AT % “anti-cut”filsi %
control region& L THI\3 Z & T. yylytjet/di-jetD DI
Data-driven TR I 2 EHTE S, (5Filldbackup)

@ DY(Z—ee) Result |(ATLAS-CONF-2011-161)

“eyEHFR"%control sample& ¥ 3, 3 Zgz; ATLAS F}re“m.nary orann 3

. & i Is=7TeV,[Ldt= 4.9fb" —— vj data 3

(Z—eeD—7F5 DelectronH s T i, PR
© § + —} Statistical error

- . s 500 4 3

y‘i— fa ke l/ t— { A / I\ ) 4005_ ++ +++++++++++++ Total error 3

3005— ++++++ T 3

‘ 200 1+++ | " ++++++++””*+++’+é

E S +++ + 2 3

e—yDfake rate%z applyd 32 & T. 102_ S A e o E

" - 100 110 120 130 140 150 160
W"Z L7 bk f&‘n—ﬁ% Z—>ee$%0) m,, [GeV]
contributionZ (i T Z 3. vyHdominant (Fraction : 71%)

Z—eeDfraction: 0.7%
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s had>7Fr0E—2
(PRL 108, 111803)

Signal modeling 8 ool amas {0 E
¢ Signal shape i o.o7§ ;S:jat.on) | T
“Crystal-ball (CB) + Gaussian” ‘g Lo eV i PRI = 41GeV
-(“G)I“OdEHI\go < 0.045— 4 {
003} | inclusive -
AFIV-CeDIIFNE—-VIR 002 (m,..—1ZOGeV)
BLULIFNESH (for m=120GeV) S,

. E
105 110 115 120 125 130 135 d”140

(arXiv : 1202.1414) 0. (GoV]

Category son FWHM Nz No + Unconv event :
Uncomverted central, low pre 1.4 3.4 9.1 1763 o =g

— \}
Unconverted central, high pry 1.4 3.3 2.6 235 t 7 'Ilﬂb narrow, )
Unconverted rest, low pry 1.7 10 17.7 6234 — Slgnlflcanceﬁ‘ﬂb‘ﬁﬁﬁo
Uncomverted rest, high pry 1.6 39 1.7 100G conv event
Converted central, low pry 1.6 3.9 6.0 1318 o = °

— | \Y Y
Converted central, high pre 1.5 36 1.7 184 t 7 mno)nMﬁ I.ib *5 (' °
Converted rest, low pr, 2.0 1.7 170 7311 — unconv event‘: tb/\"t‘
Converted rest, high pry 1.9 1.5 1.8 1072

L N\ = — -»> .

Comverted transition 2.3 5.9 8.5 3366 J: ) m” (' n bln“'ztﬂ % « t T‘
All categories 1.7 1.1 721 22480 significanced)rﬁ‘lib‘{

+ oce, FWHM : 5 F IV E—Y DiF blsEha.
* Ns: 971’"’;%&

No: F—8h5RELABGERE (100<M(1)<160GeV) B



(a) Signal yield : +20%/-17%
& F Lerror sources
I Theory: ~ +15%/-11%
<+ Photon-IDMefficiency®AREM: *+11%
* Isolationt L 7 3~ DefficiencyOREH : £5%

(b) >VFNE—-VEBOAREME: £14%
& FLerror: calolimeter energy resolutionDREM ( +12%)
(c) A7 3" —EdOmigration (%5 F INVEZR0Dmigration)

€ low<high prt [4
/Nsig = £8% (for high prt-bin)

4 unconv<conv [
/INsig = +4.5% (for unconv-bin)
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i§4GeV(+:2GeV)NDmass window

(d) BG modeling 5254 K&a€TEShiresidual

* M(y)RHOBITTHWSRBET I ‘
(= exponential) % LA =2H)

% E i | : 51?81 70, 36 74
. Ea) I\“ ‘y 7 7“ 5 |7 §/ K j}ﬁﬂ)ﬁ; % ZZE s»zoo e 0350 30 00‘!5 .
HET 28l \(residual)iCDOWVTER S, . - CP1

MCZHRH\/-EX

Resbos-Fit

4 RESBOS*% . Zi_-l"'"""'"""5'""'""Rﬁ??fﬁ?iﬁ’.f?!?.'jﬁ;éﬁfffﬁffﬁffﬁﬁfﬁf ;fﬁﬁﬁffﬁfﬁffﬁffﬁfﬁfﬁ?ﬁffﬁfffﬁfﬁf"
(vyy 78t A0 Parton-level generator) _ ?
& M(yy)=110-150GeVa) iRl
&1 3 residualZcheckd 3,
(i§4GeVhmass window% X5 1 K
L T. Integral residual % check, )

b @b i m|||\||1||\|m||\|||m|‘|\

Residual (+ 2GeV)

. 110-150GeV O Al T8 25N 7=REAE LIntegral residual :
- BG modelinglc2ET 32 JFNVERBOAEHEERL TS,
K AEHDEEMIER : INsig = 0.1-7.9 events (AFJV) - EICER. )

(e) Energy scale®) R EH
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Hoyy IRRER

Exclusion limit w.r.t SM prediction |(95%.cC.L.) (w/ CLs)
__(PRL 108, 111803)

= By g
9 B — Observed CL limit =
© 7  —Expected CL, limit H— yy =
5 - Mt ATLAS .
E 65_ 9% Data 2011, Vs=7TeV 3
o °oF det =490 H
s ac
[8)]

i ‘

10 B 20 s 80 8 40 145 150
. G
€ Expected limit M [GeV] € Observed exclusion
(1.6-2.7) XSM @ m,~= 110-150GeV m,=113-115GeV
[(1.6-1.7)xsm @ M= 115-130GeV ] m,, =134.5-136GeV
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Hoyy IRRIGR

XLEE(Look-Elsewhere-Effect)% J

po-value
ZRICANTLEWMESTORR.

Local p

(PRL 108, 111803)

Fr T T | i
10 L= Observed p Data2011,\s=7TeV
S SMH — yy expected p % E/ gillznh i pOfIE
1L ’ det=4.9 fbo 4
— - : + BRR -
_J‘QJ-.'.'.'_'""""""' I A1 g
§ORE e E Energy scaleDAEM
0.
10—25_ \ — EA“T&L‘%%@%%
e M T
; ........... Observed p, (with energy scale uncertainty) ? Energy scaleﬂ)IE'IﬂE
L TR T TR B TS TV - VT R VLI EANEEBSOER

m,, [GeV]

€ Observed excess
R (110-150GeV)ATHRE KX E Lexcess :

mu~126.5GeVICH I\ THRAMZN TS,

_[- LEEZEEL L VEBS : 2.80
-LEEZZRBL =188 : 1.50
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Summary
LHC-ATLASEBRICH T A2H-\WEBRDIFEHE

& 2011FEDfull-dataset (4.9fb-1)Z AL \/=H-yy E%R
(1Z%%EE : mw=110-150GeV)
& £ ETEEICY 9 5 LIR{E (@95%C.L.)

+ Expected limit
(1.6-2.7) XSM (for 110-150GeV)
(1.6-1.7) XSM (for 115-130GeV)

 Observed exclusion

m,=113-115GeV
m, =134.5-136GeV

& FEREH(110-150GeV)ATNH/E KX & Lexcess :
m, ~126.5GeVicELTHRME AT B,

LEEZERBL T\ UMES: 2.80
LEEXZEZRBL =88 : 1.50 (’}LEE : Look-Elsewhere-Effect)
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Hoyy S#EORE
& Sensitivity®O [ Lt
"« Exclusive analysis (VBF-binE&EA)
< + photon-ID : Cut-base — Neural net ANDE{T.
_ - MVA (Multi-Variate-Analysis)
4 2012 run at LHC
. ~15fb" BEOF—2HMETEBHIH,
/s : 8TeV (7TeVDIBERICLEAR, EY J ADEREEIEH 30%up)

® 2012FNRE
- Exclusion : BV JAHALThIE, 110<m, <130GeVO) £ 5EIE T AJHE.

- BDOF v RIV(WW, ZZ, tautau etc.)¥°CMS & 0)combination
lc&l), SMEY JARFHAHZDHDLEVLWNMCDODVWTEASHOZTAD
HAZEZAWCHIFL T, BIREED S,
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Vertex reconstruction (z-vertex)

Vertex position is measured by

“pointing method”.
* Unconverted photon :

g

m) Robust measurement against pile-up.

« Converted photon :

“qst + 2nd |layer of EM calorimeter”

“q1st Jayer of EM calorimeter”
+ f“conversion point (y—ee)”

<Calorimeter pointing>

EM
calorimeter

Beam axis

|(i) Measure photon-direction.

4

(ii) z of primary vertex
is deduced.

~ 0.12

<H-—-yy peak with various conditions for pile-up>

—
| ATLAS Preliminary

- (Simulation)
0.1—
+ gg— H-vy, m =120 GeV

1/N dN/dm_ /0.5 Ge
o =
o o
Tt

— Fit

+un<6

<4-6<u<9 -
49<u<12

“+-u>12

e 5 - Taea o by gl oy
910 112 114 116 118 120

o ]
122 124 126 128 130

m,, [GeV]

(ATL-CONF-2011-161)

By using “pointing method?”,
M(yy) resolution also becomes

stable against pile-up effect.
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4 Data-driven BG decomposition c 2

(for yy, y+jets and di-jet)

* Using “ABCD” method (i.e. A=B*C/D), # of
fake photons in “tight-isolated” region can be checked.

A B

Photon-ID

>

Isolation
« This method is applied to 15t and 2"9 photons iteratively.

M(vv) dlstrlbutlon (inclusive)
s00 — 111803)

Selected dlphoton sample
Data 2011

800

Background model

700
_________ SM Higgs boson m, =120 GeV (MC)

> 600
o)
© — -1
E 500 \'S:?TeV,det:Cl.be
c
E 400 #*

300

200

100 ATLAS

50

L1 NJHH HII|H HII|HII|HII|HII|HII|HII|H

. ——
TR bt it e b o8
o 0
8 B0E- i Lo =
-100 E. ey ey ey 4
100 110 120 130 140 150 160
m_ﬁ[GeV]
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€ L= (summary)

(a) Signal yield
* photon reconstruction & identification *11%

+ effect of pileup on photon identification *4%
* isolation cut efficiency *5%

+ trigger efficiency *1%

+ Higgs boson x-sec (scales) +12%/-8%
* Higgs boson x-sec (PDF+as) *+8%

* Higgs boson pt-modeling 1%

* Luminosity *=3.9%

(b) Signal mass resolution

+ Calorimeter energy resolution *=12%
* Photon energy calibration *+6%

+ Effect of pileup on energy resolution *3%

* Photon angular resolution £1%
(c) Signal category migration
+ Higgs boson pt-modeling +8%

+ Conversion rate *+4.5%

(d) BG modeling +(0.1-7.9) events
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Limit calculation on H-Yy

&€ Profile likelihood ratio methodZ ('3,
(CLslc & Blimit setting., )

4 Unbinned maximum likelihood fit is performed simultaneously
in 9 categories.
- BG parameters : free
- # of nuissance parameters = 32 (— RXREZH, )

& PDF for (S+B)-fit
Pdf/i@z (H) IO QO I 1

Signal model Signal term which is produced by

(Defined by MC) the bias due to BG modeling.
(Spurious term)

BG term
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List of nuissance parameters

» Exponential slope for each category: 9
» Background normalization for each category: 9

« Spurious signal events: 9 categories, but 2 share ptt and n
categorization — 7

» migration between low pt and high pt — 1 for all
(total anti-correlated)

« migration between unconverted-converted — 1 for all
(total anti-correlated)

The following are correlated among 9 categories:
« Signal resolution

» Signal Acceptance (yield)

* Luminosity

» Cross section (2)

— 9

O+9+7+245 =32
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