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Topics of this talk:

Radiative Z decays are used both in physics and
performance analysis:

® Photon performance analyses with FSR Zy:
® Photon identification
® Photon calibration
® Photon physics analysis:
® SM Diboson Zy Analysis (see H. Abreu’s talk)

® SM ISR Zy as main background in the H-> Zy
analysis. This talk will show a glimpse of ATLAS
and CMS results.
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Photon performance
with FSR Zvy




Photon performance with FSR

180_!!!IlllIlllIlllllllllllllllllllllll

Z de Ca S : 160; ATLAS Preliminary
-’ 140 \s=7TeV
1201~ det:4.9fb"

- Two opposite-charged leptons toof-

80

m,, [GeV]

and an isolated photon.
Three body invariant mass near to the Z mass, a

rectangular cut applied to My-Myy region.

02020 60 80 100 720 140 60 780 200 °
T At Attt Tt _ o m,, [GeV]

g 10E\s=7TeV ATLAS Preliminary - The photon sample is divided in
© Edet=4.9 fo Uncomerted phokon :
= unconverted photon and converted photons
g and cover the lower Et region.

s .

gi 10°:8- JL il

Zl 10": & : .

R R LR R ) 1:40 0| : .
Meey (GEV) M

The dataset is a high purity

—_

o
Home
I

e COnv + unconvy

—

photon sample with a small e oy
. . . . ATLAS Preliminary
ContrlbUtlon fI‘OIn Z-I-]etS. 1076715 20 25 30 35 40 45 50 55 60 65 70 75 80

E' [GeV)
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Photon Identification efﬁciency

Event selection:

Selected events

V Btghown > 10 GeV (15 & /{70, e [
GeV in 2011) 8 ol
v Tphoton | <2.4 ) )
V80 GeV < Mi,< 96 GeV _~
V40GeV<My<83GeV Y. & %

Meey (GeV)

‘ Purltv estlmatlon (Template f1t)
- My, shape used as discriminant variable to estimate the Z+jet

|
',\ contamination.

‘= The sum of the My, signal and background templates from MC, is
fitted to the My, distribution in the data by floating the relative
normalization.The purity of this sample is estimated to be close to 90% |

for Et <15 GeV and improves to 98% for photon candidates with Et>15
GeV.  Reference: ATLAS-CONF-2012-123 at https:/ /cds.cern.ch/record /1473426
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Photon Identification efficiency

The identification efficiency is measured in function of Et for 1 regions.
: ' : : o | b

— - 0 B . .
it : $ , s
: i d ! § = i1 8 . g E § [ - f ;
e r e -
s L] i
"""" n s rolminery 4" s e r.un.‘. rokmingry ..' s R -Ar‘ulf. roliminery -‘A T _ATLAS olminery ’
T ¥ '*—0‘# % ] + L + 04-' +
L i i ' 3 | | oy’
$ ' i : i
ro| W' b g o I [ i
. ' | ; :
....... e dar B s e (SUERR .
- ¢+. + gt ’] T, —4— + — - <t — = +
: wg 1= oEIec’groln e:(t:cr)z:lj)olaticl)n I n
Systemsiltmj Other 2 methods used in ATLAS ool ¥ ]
. 0.8~ -
uncer t}eluntles COMES for photonID (see E. Petit talk), 07l R
fI‘OII.1 the non-100% these results agrees in the overlap ~ °7 Jra-son’ ”
purlty Of the Sample, reglOn, and they essentlally 04 ATLAS Preliminary |Y1!|<0-6 i
“ 0.21 —
ancoi the method tO. dominate at low Et. b o
estimate it. As purity o2 S
. . . . 20 30 4050 10 2x10
increases with Et, the The FSR sample is also used to estimate the photon =~ ™"
systematics decreases. trigger efficiency, in addition to the bootstrap method.
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CMS

HESN
|

CMS Photon

N
S

Events/0.02

Identification MVA

Photon ID is crucial for H—vyy .
MVA Photon ID is validated with the Z—ppy sample.

CMS preliminary, 1s =8 TeV, L =19.6 fb"

—
o
3
| 3|

400 -

A comparison of the photon ID MVA score obtained with barrel and

[ B Zoppy MC N
- +8TeV Data
Barrel #w
L
[,
+ -
! ’
.
.
J -
B . . =
L
® "
¥ .
5 04 03 02 01 0 01 02 03 04 05

%_

Photon ID MVA

Events/0.02

CMS preliminary, \s =8 TeV, L =19.6 fb"

450 - =
swof- E Z-uuy MC ;
-+ 8TeV Data :
30 Endcap ﬂ? E
a0of- " : 3
250 [~ * ﬁ i
200 .# # —
; | -
150 - J .
: ¢ ¢
100 — . ]
!’ -
50 - o .
- n
- ; ‘_... A
%5 04 03 02 01 0 01 02 03 04 05

End-Cap in data and MC simulation.

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

Photon ID MVA
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Photon calibration

Z—ee in-situ calibration is used to correct the EM scale on data:

10°
d 0.08 TT TTY T1 1 T 71 T II T 1 ]’ T II T 1 T 1 T 1 TT T ] % ZOOX ............ -. ‘ .........................
- ATLAS Z-see, Data 2010, \'s=7 TeV, [Ldt=40 pb'- ® 180- ATLAS Preliminary
0.06— — - ; Data 2011, \/s=7 TeV, ILdt =46 fb’
- + . ; 160
004:_ ++ + —: § 140" Cgata~ | .76+ 0.01 GeV
0.02 ot th, ER R nl<2.47
: + th ] 100, B e
0 +++ P# ; 0# ! +— . : — Fit result
- + b hen P ] 80 2308 MG
-0.02— O t . |
- £+. % 60
4104j‘ +} _: 40
-0,064 EMEC EMEC EMEC EMEC — 20
_ FCalC WeC owc EMB C EMB A OWA IWA FCalA _ C}: a0 000 .0 o ]
- | L1l I L1l 1l 1 | . | 1 1 l 11 l 1 1 l 1Ll | . | | - l LA
0.08 i pu L S 0 75 80 85 90 95 100 105 110
M Mge [GeV]

Electron to photon extrapolation extracted from MC simulation (more
details in E. Petit talk).

Validation of calibration is performed using Z radiative decays.
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From: Eyc=Ep.

Photon scales

/(1+ &)

alpha can be extracted from our FSR sample

The ratio method:

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

R(OC) _ M (lly () p, ! M U)
Mly),,. I ML),

ﬁ Photon energy scale

is o with Rlor)=1 |

where M(lly) and M(Il) are the fitted mean value
of the three-body and two body invariant mass.

> 6000 _| 1T I L I LI I LI I LI I |||||||||||| ]
& - ATLAS work in progress .
S 5000 Data 2012, Vs = 8 TeV, f Ldt=20.710"
> .
§ 4000~ ]
L Unconverted photon

-¢- Data .

3000:_ — Fit result
- 12, MC
2000(—

1000

96 75 80 8 90 95 100 105 1 1;)
, ) . M, [GeV]
This method is robust against lepton ™"

scale uncertainties and against difference
in the Z(lly) and Z(ll) kinematics.

Wednesday, April 3, 2013



Photon scales with Z—uuy

Tight photons Et > 10 GeV. Sample divided in unconverted photons
and converted photons with one or two reconstructed tracks.

> 6000 > 1400 > 600 ]
8 ~ ATLAS work in progress ] 8 - ATLAS work in progress 8 ~ ATLAS work in progress
2 5000 Data 2012, s = 8 TeV, f Ldt=207f0" - 2 1200 Data 2012, (s=8TeV, [ Ldt=20.7fb" 2 500f Data 2012, (s =8 TeV, [ Ldt=20.7fb"
a8 - 2 1000F 1 track converted photon ] B - 2 track converted photon
5 4000 - 5 - S w00 E
w - Unconverted photon 5 W goo Dat — L B Dat
- -o- Data 1 -&- Data ; -&- Data 1
3000 — Fit result — Fit result 300: — Fit result
Dzuw MC 600 i Dzuuv MC B B Dzuuv mC
2000/~ - 200/~ -
4001~ - :
1000 . 2001 7 1002— 7
00***75 80 85 90 95 100 105 110 00 75 80 85 90 95 100 105 11C 08°**%5" 80 8 90 95 100 105 110
M, [GeV] M, [GeV] M, [GeV]
Photon type | Scale (o) Stat. Error Sys. Error .
d 4 Small systematics from muon
‘- 0.0031 0.0011 0.0003 scale uncertainties and fitting
‘- -0.0042 0.0027 0.0008 model.

Z—eey channel gives compatible results.
The scales are in the range of the global EM scales uncertainties
(a few per mil).
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Photon scales with Z—uuy
in CMS

CMS Preliminary 2011, \s = 7 TeV

| h - - T JLALELEL LR B T E
Sample based On t e 2011 Sample/ {_{ 350— Data, L=489 b Fit Parameters: =
. ~ = ECAL Barrel WE )=1.10%0.16 %
vy 300 ' E
phOtOnS Wlth Et >25 GeV S c R,>094 o(E )= 1.58+ 0.27 %
= 250F " =
2 2 2 F
™m — T S 2005
_ upry BB _ 2
S = 5 5 — 150
mZo T mu,u, 100E-
l 505
. % 75 80 8 9 95 100 105 110
Photon energy scale estimator, s. My (GeV)
. 240 CMS Preliminary 2011, ¥s =7 TeV N CMS Preliminary 2011, ys=7TeV
o~ | || ] || | [ | I | || | ‘ || 1] LI T : N 1600;‘ | LB | | :T | : | T ]
o 220F Data, | L=489 " W(E ) = 1.49 0.24 (%) ] = | Simulation — e W(E ) =0.82+0.12 (%) |
— ECAL Barrel ] — 1400 T ECAL Barrel :
@ 200 : . ~ 1400
€ - E,>25GeV,r9>0,94 1 € C E,>25GeV,All 19
t% 180 | 3 512005
ol ] The photon energy
Jaok- E 1000| o
- :. scale agrees to within
= E 800
100 3 .
: : | 0.5% with an
80f- | . 600} .
e0f” ERS - independent method.
40~ = :
: 3 200~
20} -1 [
Mw Coaa s laaslaaalaaalsaslsy I Ll 111
0.1 -0.08-0.06 -0.04-002 0 002 0.04 0.06 0.08 0.1 $10.08-0.06-004-002 0 002 0.04 0.06 0.08 0.1
S

Reference :CMS-DP-2012/024
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H—Zy analysis




s‘f Data Sample

Main backgrounds come
SM Zy (82% mainly ISR) followed by Z-+jets (17%).

Analys1s strategy very 81m11ar to H—yy (see O. Dav1gn0n/ E. Couderc talks).

180; T

3 % 350 = %J
8 oot 0} ATLAS Prellmmary E S 300 ATLAS Preliminary .
£ 1405 I @ 3000 —e— Data 2012 4 3 = —e— Data 2012
100k § L C S H—2Zy (m =125 Gev,oSM><20)E § 250 :_+ ------ H-2Zy (m, =125 GeV, 0g,x20)]
E 5l 250__ H — 0 - H SM ]
100: E 200~
80f 200 -
60 - —
- 150 150:

40F C 7 -

205 100 - + 100 — S
ku \ *"F sl A T A 0 E -1 E - 1 .
02040 60 80 100 320 140 160mp1fsfee\z;§)o 50E- s=8 TeV,det =20.7 fb", Z—>MM_: 50F- {s=8 TeV,det =20.7 fb", Z—>ee_:

‘ C cei T 8393 events ] C R 7195 events
O_L|..|--a--r'r':"| R il X SR TR S O G R R A B B S SR R A R O B SR O_LI |..|--r-|":"| | :"r'r-n-l. TN A A TN A A0 S (O T N M N0 S S T T A T O
25 30 »:’ 40 45 50 55 60 25 30 35 40 45 50 55 60

For the signal model, an analytical function of
the mH valid in the whole AMy, range is used
for the limit extraction.
From the signal MC samples, the parameters
that depend on mH are extracted from a
simultaneous fit. For example:
GSignal(M ll}/) = O125Gev T O gigpe X (M iy ~ 125GeV)

This width function can also be validated
? with MC ISR sample.

The variable AMy, (M
- M) is used as
discriminant variable:
v Insensitive to
lepton energy scale
uncertainties. :
v" No contribution to
the signal from FSR }
in H — > decays
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In ATLAS at 125 GeV the
expected and observed limits are
13.5 and 18.2 x SM,, respectively.

Results

v CMS at 125 GeV the expected
and observed limits are ~12 and 9
x SM, respectively.

— 45 ! T T I T ! T ' I ' T T ' l T ! ' T | T T T ' I ! ' T ' —-. 40 L] L] T L) Ll L] 1 ] L} L A L) L] Ll 1] Al L] 1] 1] L} Ll Ll L] 1]

9 — Ob d 1 2 2 aamas F ! !

'}' 40 j Ldt=46f" (s=7TeV E " 4 = E CM$ Prehmm?ry 4 . = Observed

T g - h== xpected 4 X 35k "'1(5"—'"§'7"TCV'L'=f 5Ot R——— 4

= det =207f", (s=8TeV B =1 - /M - - 2} g e

» 35 = 4 X - =8 lev Laioolv | I Expected = 10

% 30 +20 _f g_] 30 """" Eiéi:';ifbhi'ﬁiiii}'ﬁéﬁéﬁhé’lé """" PSS

f)rl ATLAS Preliminary —_ g 25 S S ORI (RIS, OESHEUITOR U e PR, b e

r 25 = .

o) — m 20 ..........................................................................................................................

< 20 S 3

— - X ; B et vefassessnssssasnsssasssse fuusssssaassassssssssasifasssssssasssssasess

£ 10 5 b 15

d 10 lO E : SrnnsrenusnssesnaseessusIDanasssI LIRSS LY ;

I??t; 5 — _— 5 .. .................. E : 7 : . :

@ = S S - N S - D S— 3 P : 3
O . 2 : : | 1 : : r : | : : : . r ‘ : 1 A A L l A A A A [ L 1 A A 1 A L L A I ' A A L l 1 A A A !
120 125 130 135 140 145 150 ?2() 125 130 135 140 145 15

m,, [GeV] my, (GeV)
Reference: ATLAS-COM- Reference: CMS-HIG-13-006 at
CONF-2013-014 at https:// http:/ /cms-physics.web.cern.ch/cms-
cds.cern.ch /record /15169247 physics / public/ HIG-13-006-pas.pdf
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Conclusions

® Photons from FSR Z decays are widely used in ATLAS and CMS
performance studies.

® These photons represents a high purity sample that covers the
lower Et region up to 80 GeV.

® Sample used for photon identification efficiency measurements
and as a cross check to the Z — ee based photon calibration.

® 7 Radiative decays in Initial State Radiation are the main
background for the H— Zy search.

® First public results by ATLAS were presented. With the complete

7 TeV and 8 TeV data sample, at 125 GeV the expected and
observed limits are 13.5 and 18.2 x SM, respectively. CMS
presents compatible results.

Wednesday, April 3, 2013
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Backup
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@ Plot description

: mfww _’"thu 0 :
Energy scale estimator s — = > — 1 from Z° — ppy final states from 2011 Data and
m —m
0 pp
7 4

Simulation, where m_o is the PDG value. Plots are shown for EB with R9 > 0.94, inclusive EB

and inclusive EE categories (The variable R9 is defined as the ratio of the energy contained
within the 3x3 array of crystals centered around the seed crystal of the supercluster to the total

energy of the supercluster).

@ Technical details
Z decays where one of the final state leptons radiates a photon provide a source of clean
photons, where the photon kinematics are constrained by the muon system. The photon
transverse energy ET is reconstructed from the muon kinematics and the Z mass constraint. The
muon momenta have been corrected for biases arising from their dependence on E+, 1, ¢, and
charge using approved techniques. Only photons of E4+ > 25 GeV are used. The purity of
selected events is > 99 %. The mean E4 (E) of the photons is approximately 32 GeV (42 GeV
in EB for high R9, 43 GeV in EB, 113 GeV in EE). The value of the energy scale estimator
s(ET) is calculated directly for each selected event, and the mean of the resulting distribution is
extracted from an unbinned fit with a Voigtian (convolution of a Breit-Wigner with a Gaussian)
function. Scale extraction is performed independently for data and simulation. Statistical
uncertainties and systematic effects from the choice of fit range are quoted ; systematic effects
from the muon momentum scale and kinematics are quoted for simulation.

@ Conclusion
The photon energy scale agrees to within 1.3 % between DATA and MC. The energy scale

agrees to better than 0.5 % with that obtained using an independent method. The rate of
selected events is found to be 1.12 / pb—1.
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SRECOMC

CMS Preliminary 2011, (s = 7 TeV

:
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SRECOData

CMS Preliminary 2011, (3 =7 TeV

L.V 7 ¥ L L LI LB Ty LIl Ty LILIRLJ LB L™
RFAARARNRARERARERAANRARE RARE RARE RARS
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.1 -0.08 -0.06-0.04-0.02 0 0.02 0.04 0.06 0.08 01 1 -0.08-0.06-0.04-002 0 002 0.04 0.06 0.08 0.1
s s
p(E~) = 0.82 + 0.12 (stat) p(E+) = 1.73 + 0.17 (stat)
+ 0.10 (fit range) + 0.02 (muons) % + 0.16 (fit range) %
SRECOMC SRECOData

Events/ (0.02)

400

100

0

CMS Preliminary 2011, {3 =7 TeV

CMS Preliminary 2011, {5 =7 TeV

—

.

-

-
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Simulation
ECAL Endcaps
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v—lllllllllllll['flll""[lll—

Data, | L=40 " WE ) =048+ 0.46 (%)
.. ECAL Endcaps
E, > 25 GeV, All

p—
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—

Events/(0.02)
3

-
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'lxlllllllll

TTT]II]]TTI

40

llxxllllllllllllllllll

#(E~) = 0.29 £ 0.19 (stat)

: 20[- i
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S S
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Physics motivation

r In SM, Zy decay proceeds via top- and
W-mediated loops.

", New Physics could manifest through
enhancement (or suppression) of the
decay rate via contributions from new
heavy charged particles in the loop.

The BF(Zy) ~BF = oF .
(vy), BR(Z-1l (e+p)) .o IS -
~6.7% gives yield ¢ "
comparable to 18 =
H—4l. | e
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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 58 | Ie 34| N3 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/y 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)
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
Wednesday, April 3, 2013 20



Backgrounds

§# Main background:
Z+vy (80%)

’S‘ 180 vy M N
'. . '.4 pu :f-:
5: 160/~ ATLAS Preliminary -}1_ . @z
E\ { » :: |. ] o (
140}~ \s=7TeV -t q . {
[ . EEeET 180 ]
- alr’ 04
120} L v Loy S
‘ . .s g ..'-. I_:'- = A 14 . s
b S .5 1 | yA [
; ¥ “— : 1 -> E
1 ! N
- ¥ ol i -‘_ aq ]
a0} : pa :
b SN - -" ™ .
' - R WA e T - <o : Fragmentation
ST s S FSR g
S “ ™ = - b -l..-‘.‘u e e N

m,, [GeV]

[rreducible bkg, suppressed by photon Et cut (SM Zy photons are softer).
ARyy (suppress FSR photons) and M(11) M(1ly) cuts.

& Secondary background: Z+jets (16%)

Suppressed by Photon Identification and isolation criteria.

# Minor contribution from ttbar (4%) and negligible from WZ.

21
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Selection OverV1ew

|

| ‘/ Leptons with Pt > 10 to 15 GeV |

|

ﬂ‘/
v

Lepton selectlon

and Inl<24to2.7 |
Photon selection:

7. selection:

v Opposite charge leptons

MIll > 65 GeV
MIl > Mz - 10 GeV

For the analysis all 7 TeV (4.6 fb1)
and 8 TeV (20.7 fb!) samples will |
| be used |

| Discriminant varmble

| The search is performed in the range
of 120-150 GeV, by fitting the
observed distribution of a
discriminating variable.
The three body invariant mass My
and AMuy (Miy - M) where studied.
The variable AMy is chosen due to
this two advantages:
v Unaffected by lepton energy scale
uncertainties.
v Insensitive to the contribution
to the signal from FSR in H — pp

decays

Reference: ATLAS-COM-CONF-2013-014 at https:/ /cds.cern. Ch /record /15169247?

Wednesday, April 3, 2013
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Signal properties

mey Z—oee,TTeV |ZouuTTeV |Z— ee,8TeV | Z - uu, 8 TeV
dGevj [ aidl. o lethl o [&ld S5 |sik] o
. . 120 17.1 0.6 22.5 0.7 21.3 4.0 25.8 4.9
15 Higgs events in 7 TeV 125 [ 204 09 |265 11 [246 59 [297 72
130 [ 230 11 [299 15 |27.3 77 | 328 93
+ 8 TeV data sample at 135 [ 251 13 [324 17 | 294 90 | 351 107
140 | 266 14 [ 341 18 [309 95 | 366 113
125 GeV 145 (275 14 [350 18 [31L7 92 |373 108
> 022 T T T T T = 150 219 12 | 351 1.5 | 320 81 | 372 94
O 0.2 ATLAS Preliminary =
2 .4gC Simulation FWHM=39GeV §  ——— — - — e
g 016 3 The global resolution model: ,\
S o4 M2 27w = C e : |
S oazp T 2 2 | Both Muyand AMy, distribution are modelled witha
= o1 - : , : |
0.08E- ENN Crystal Ball + wide gaussian outlier. l
0.06F- =
0.04E" E L . . .
002 S The limit extraction needs an analytical function of the
105 110 115 120 125 130 = 135 140 145 : : Sy : : .
" (G Higgs mass (mH) with a full description of the signal in the |
> QT T whole mass range (24 < AMy, < 64 GeV). |
O (.18 ATLAS Preliminary = |
e 0.16E- Simulation 61 GeV E
- -1OF O~ = 1. e ] . . *
E o4 - s From the available signal MC samples at all mass points,
S 1ok H—Zy, Z — uu Mg = 33.6 GeV -
=z A2 = — . o e
S o Rstev E the parameters that depend on mH are identified and
0.08- e extracted from a simultaneous fit. For example:
0.06 —
0-04;_ FWHM = 4.0 GeV _; OCB = (T("[f|:5(;(,\"' + ‘r(‘lenpc X (;\-’I(//}’) — 125GeV)
0.02 -
09520 25 30 35 40 45 B0 -
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Results (

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 limit

on the cross section at 125 GeV is 17.4 (12.9) x SM.

45. | | 8 “T 1 : T T
405 JLdt:A.efb‘. {s=7TeV
C J‘Ldt=20‘7tb'.|'s=8TeV

95% CL limit on 0(H—>Z*{)/GSM(H—>Z“{)
N
0

 — Observed
----- Expected
- BB

+ 20

ATLAS Preliminary
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J Ldt=46M" ys=7TeV — Observed p, -
..... Expected P, -

TTT

| J.Ldzzzo_’/'fb'.\'s:sTev
I ATLAS Preliminary

120 125 130 135 140 145 150
m [GeV]

The expected p0 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 event classes, the fraction of selected events for a signal with
my = 125 GeV produced by gluon-gluon fusion at 8 TeV and data in a narrow bin centred at
125 GeV. The expected mass resolution on the signal is also shown.

e'e v O
Event class 1
Photon 0 < || < 1.4442 Photon 0 < |y| < 1.4442
Both leptons 0 < || < 1.4442 Both leptons 0 < || < 2.1
and one lepton 0 < || < 0.9
Rg > 0.94 Rg > 0.94
Data 17% 20%
Slgna.l 30% 34%
Teff 1.9 GeV 1.6 GeV
FWHM 4.5 GeV 3.7 GeV
Event class 2
Photon 0 < |y| < 1.4442 Photon 0 < || < 1.4442
Both leptons 0 < || < 1.4442 Both leptons 0 < || < 2.1
and one lepton 0 < || < 0.9
Rg < 0.94 Rg < 0.94
Data 26% 31%
Signal 28% 31%
Ueff 2.1 GeV 1.9 GeV
FWHM 5.0 GeV 46 GeV
Event class 3
Photon 0 < || < 1.4442 Photon 0 < |n| < 1.4442

At least one lepton 1.4442 < || < 2.5 Both leptons in || > 0.9
orone leptonin2.1 < || < 2.4

No requirement on Rq No requirement on Rq
Data 26% 20%
Signal 23% 18%
Teff 3.1 GeV 2.1 GeV
FWHM 7.3 GeV 5.0 GeV
Event class 4
Photon 1.566 < |n| < 2.5 Photon 1.566 < || < 2.5
Both leptons 0 < || < 2.5 Both leptons 0 < || < 2.4
No requirement on Rg No requirement on Rg
Data 31% 29%
Signal 19% 17%
[ ff 3.3 GeV 3.2 GeV
FWHM 7.8 GeV 7.5 GeV
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Table 3: Separate sources of systematic uncertainties accounted for in the analysis of the 7 and
8 TeV data set. The magnitude of the variation of the source that has been applied to the signal
model is shown.

Source 7 TeV 8 TeV
Integrated luminosity 2.2% 4.4%
Theory

- Gluon-gluon fusion cross section (scale)
- Gluon-gluon fusion cross section (PDF)
- Vector boson fusion cross section (scale)
- Vector boson fusion cross section (PDF)
- W associate production (scale)

- W associate production (PDF)

- Z associate production (scale)

- Z associate production (PDF)

- Top pair associate production (scale)

- Top pair associate production (PDF)
Branching fraction

Trigger

- Electron

- Muon

Selection

- Photon Barrel

- Photon Endcap

- Electron

- Muon

Signal scale and resolution

- Mean

- Sigma

Event migration

Pileup

- Electron

- Muon

+12.5% -8.2%

+7.9% -7.7%
+0.5% -0.3%
+2.7% -2.1%
+0.7% -0.8%
+3.5% -3.5%
+1.7% -1.6%
+3.7% -3.7%
+3.4% -9.4%
+8.5% -8.5%

6.7%,9.4% -6.7%,-9.3%

0.5%
0.5%

0.5%
1.0%
0.8%
0.7%

1.0%
5.0%
5.0%

0.6%
0.4%

+7.6% -8.2%
+7.6% -7.0%
+0.3% -0.8%
+2.8% -2.6%
+0.2% -0.7%
+3.5% -3.5%
+1.9% -1.7%
+3.9% -9.7%
+3.9% -9.3%
+7.9% -7.9%

6.7%,9.4% -6.7%,-9.3%

2.0%
3.5%

0.6%
1.0%
0.8%
1.4%

1.0%
5.0%
5.0%

0.8%
0.4%
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v Expecting about 16 events in
7 TeV + 8 TeV at 125 GeV.
v' Four categories divide the
events in terms of the
pseudorapidity of the
leptons/photon, and on the
shower shape of the photon
for one of the topologies.
v Four and five order
polynomials are used to
parametrize the background
in the different categories.

Reference: CMS-HIG-13-006 at
http:/ /cms-physics.web.cern.ch / cms-
physics / public/HIG-13-006-pas.pdf

CMS Results
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v At 125 GeV the expected and
observed limits are 12 and 9 x SM,
respectively.
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