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A SM Measurements with Photons z{;
A N. Saoulidou, University of Athens Greece
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: o°
Will focus mostly on e‘% Q
LHC results & {\\OQ’
Introduction : [Why] °°° Ry
. <
Photon reconstruction and ldentification : [How] \060 Q\QA
Photons and : [What] %& é\o
>
— Tests of pQCD & Tunning of PDFs e@ (\0\'
v

— “Completion” of the SM

— Test of EW SM sector and perform
SM Measurements for the discovery of new physics

Summary and Future
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Introduction o
<~ Measurements with photons in the N

final state are of great important in o e

. 3 WJS20133
order to: X, = (M/13 TeV) exp(ty) ]
10°F Q=M M=10TeV 7

13 TeV LHC parton kinematics

— Test pQCD in ever-growing and new

energy regime o' i
— Test the EW sector of the SM 10° | G
— Provide constraints on PDFs, whoseg 10°¢

uncertainties often dominate bothd Wb M- 100 Gev

Standard Model (SM) measurements,y ¢

and beyond the SM searches 10°
— Tune Monte Carlo generators in order 102i oL

to better describe the data. E M =10 GeV
— Measure and understand the main mf

background to a variety of new 100 vt il

physics searches, or get a chance to
have a first glimpse of something new
and unexpected. N. Saoulidou, Univ. of Athens, Greece 2



 ATLAS and CMS Experiments

I Electromagnetic Calorimeter (ECAL)

Return Yoke

Inner vacuum Tube

LAr hadronic end-cap and
forward calorimeters

Tracker

Superconducting Pixel detector

Magnet

Toroid magnets LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation fracker

2 O T Semiconductor tracker
L ]

Muon Chambers

Hadronic Calorimeter (HCAL)

3.8 T

Pixels Pixels,Si strips & Straw tubes

o/pT~ 1.5:104pT(GeV)@0.005 o/pT~ 3.8-10“*pT(GeV)0.015
Electromagnetic Calorimeter Electromagnetic Calorimeter

OE/E = 2.9%E(GeV) @ EJE = 10%E(GeV)@0.7%@0.2GeV/E
0.5%0.13GeV/E ° oNE(GeV)®O.77%50.2Ge
Hadronic Calorimeter Hadronic Calorimeter

oE/E = 120%/NE(GeV) & 6.9% oE/E = 60-100%/VE(GeV) @ 3%

Muon Spectrometer Muon Spectrometer

opT/pT = 1% for low pT muons opT/pT <10 % up to 1 TeV muons
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All of the ATLAS and CMS results shown can be found at:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
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Prompt Photons and Backgrounds

Prompt photons are isolated energy deposits in the
experiments electromagnetic calorimeter (ECAL), with no charged
track pointing to them, and with a shape compatible with a
photon electromagnetic shower : they can be converted or
unconverted.

Non prompt photons (main background) are ° from hadronic
jets, discrimination in this case based on isolation and different
shower shape characteristics.

Prompt Photons Non-prompt Photons

m{ﬁ mﬁf Siiaweny

%fv\/\/\m ﬁ%m — 0000
Annihilation & Fragmentation o n in jets
Compton Scattering
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Photon Identification in CMS

Several shower shape and isolation variables, used as sequential
cuts, or combined in a multivariate analyzer (BDT).

« Selection efficiencies estimated in a data-driven way using Z — Ily and
Z — ee data-drive methods.

JINST 10 (2015) no.08, P08010
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@ Photon Identification in ATLAS

« Several shower shape and isolation variables utilized and combined
with sequential cuts.

» Detailed data-driven methods deployed to measure efficiencies in
data and simulation, using Z—lly , Z—ee and isolation measurements
using the tracker in an inclusive photon sample

Eur. Phys. J. C 79 (2019) 205
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Isolated prompt Photon and Photon + jets
measurements

Jet
ISR Underlying
_ 4« Event
/ ~Hard
Parton ' |

Scatter
Density

@

ne»r-»

—

Fragmentation

Jet

 Direct photons are a direct (colorouless) probe of the hard
scattering

« Sensitive in the gluon PDF
« Can be used to tune MC Models
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Inclusive Photon Cross Section at 8 and
" 13 TeV and their ratio : ATLAS (1)
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Utilizing ratios of photon cross section measurements at 8 TeV and 13 TeV
achieve, through cancelation, smaller experimental and theoretical
systematics!

Main theoretical uncertainty coming from scale, and PDFs and main
experimental uncertainty from photon energy scale.

Theoretical uncertainties now smaller than experimental ones 9
N. Saoulidou, Univ. of Athens, Greece
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Inclusive Photon Cross Section at 8 and

13 TeV and their ratio : ATLAS
JHEP 1904 (2019) 093
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« The significant reduction of the experimental and theoretical uncertainties
allows for a more stringent test of NLO QCD.

« NLO pQCD predictions and data agree given uncertainties. This validates the
description of the evolution of isolated-photon production in pp collisions

—. With the centre-of-mass energy. 10
N. Saoulidou, Univ. of Athens, Greece




@ Inclusive photon and Photon plus jet
m crosimgectlon at 13 TeV : CMS
’ EPJC 79 (2019) 20

« Measurements compared with

1 : theoretical predictions produced
P Maiinioaie ... using JETPHOX NLO calculations
"‘“ggj@';'i and several different PDF sets,
Rl | and found to be in agreement.
ke« For low to middle range in
=t photon energies, where the
S e experimental uncertainties are
gl smaller or comparable to
SR ——— theoretical uncertainties, these
e T measurements provide the
oEERS potential to further constrain the

g B proton gluon PDFs.

399 & 5w 6 v) 11
N. Saoulidou, Univ. of Athens, Greece




Ratio of photon + jet /| Z+jet cross

differential sections at 8 TeV : CMS (1
J. High Energy Phys. 10 (2015) 128

« At high vector boson pT and at LO effects due to the mass of the Z
boson are small : cross section ratio of Z + jets to y + jets as a
function of pT is expected to become constant, reaching a plateau.

ner-»

A precise measurement of the (pp—Ztjets)/(pp— y + jets) cross
section ratio provides important information about the higher-order
effects of large logarithmic corrections [In( pT,/m; )] at higher pT

« Searches for NP characterized by the presence of large missing ET
and hard jets, use the y + jets process to model the invisible
Z decays, Z — vv. Measurements of the (pp—Z+jets)/(pp— Yy + jets)
can help reduce uncertainties related to the Z — vv background
estimation in these searches.

fe 12
}r,L N. Saoulidou, Univ. of Athens, Greece
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Ratio of photon + jet /| Z+jet cross

dlfferential sections at 8 TeV : CMS (2)
J. High Energy Phys. 10 (2015) 128

197" 8TeY) o
St -

o o
2 g

2

Stat. +syst.

BlackHat
MadGraph

| I IR R
100 200 300 400 500 600 700 800
p’" [GeV]

197107 (8 TeV)

S. Scale

: o & i o
%10 SOER IS \\\\Q\\\\ N \
\\\ 3
e L

0.6 MadGraph stat. unc.

100 200 300 400 500 600 7(.30 800
p2[GeV]

Four phase space regions
used: nis 2 1, 2, 3, and
Hr > 300 GeV.

MADGRAPH+PYTHIAG
(LO+PS) and BALCKHAT
(NLO) overestimates the data
by a factor ~1.2, but with the
same shape.

These results show that
properties of the Z-vv
process can be predicted by
the measured y + jets and
the simulated ratio between
Z — vv +jets and y + jets.
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gluon PDFs with photons

N. Saoulidou, Univ. of Athens, Greece
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Prompt photon production
used in PDF fits (1)

Nuclear Physics B Volume 860, Issue 3, 21 July 2012, Pages 311-338

| LHC 7 TeV isolated-y data | [LHC 7 TeV isolated-y data |

)

nepr-y»

[ LHC 7 TeV isolated-y data |

1.15

NNPDF2.1 NLO I NNPDF2.1 NLO - I NNPDF2.1 NLO
Léu_; 1.1 NNPDF2.1 NLO + LHC7 IsoPhotons "E 1.1 NNPDE2.1 NLO + IsoPhotons g 1.15— NNPDFE2.1 NLO + IsoPhotons
?, %1.05 21.05;—
:‘go. 30.95 :.20.95:—
g & 09 2ok
Q=10 GeV? Q* =100 GeV? [ Q?=10°GeV?
0002 001002 o7 02 085G 50z~ Go1 002 01 02 0.85—g50z 001002 01 02
X X X
[ Higgs ggF NLO cross section (M\CFM) |  Authors conclude “....we have shown that the
:g: B o2 available isolated-photon data provides
T 1.0 A\ NNPDF21 +LHC 7 TeV lsoPhotons constraints on the gluon PDFs and thus on
S 102 many relevant LHC processes, most
% 1 importantly Higgs production in gluon-gluon
5098 fusion. Given that even more precise data as well
gz:j as theoretical improvements will be available in the
J: next future, we see no objection why isolated-

o b b b b b by
150 200 250 300 350 400 450 500
M, (GeV/c?)

photon data should not become integral part of
future global QCD analyses..”
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\ Prompt photon production

used in PDF fits (2)
Eur. Phys. J. C, 78 6 (2018) 470

g at 100.0 GeV . g at 100.0 GeV

1.04+ z:ggigil+ATLAs 0.035 - NNFDFS.1
— Y i NNPDF31+ATLASY
0 1.02- g 0-0301
o a 0.025
= =
Z 1.00 < 0.020 -
o L
p o 0.015 1
= 0.98 - =
© & 0.010

0.96 - © 0.005 -

: : ‘ 0.000 : : :
1074 103 102 102 10~¢ 103 1072 107!
X X

* Authors conclude “....that there is no reason, neither in principle nor in
practice, for excluding collider direct photon data from a global PDF
analysis. Indeed, the most precise LHC measurements available agree well with
state-of-the-art theoretical predictions, and the latter can be included in global
PDF analyses using fast interpolation tables..... For these reasons, collider direct
photon production should be rightfully restored to its well-deserved position
as a full member of the global PDF analysis toolbox.”
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Inclusive diphoton measurements

N. Saoulidou, Univ. of Athens, Greece
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Diphoton non-resonant Production

Diphoton production important test of
pQCD and non-perturbative QCD:
Rich phenomenology, making
theoretical predictions challenging.

Experimental challenge: distinguish
it from non-prompt jet background.

Irreducible background to Higgs
diphoton decay channel

Irreducible background to Non-
resonant diphoton production from
BSM physics.

( [ 8
1 (a) ’
q g
g9 (C) q
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% Diphoton Production at 8 TeV : CMS

Eur. Phys. J. C (2014) 74:3129
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Dlphoton Production at 8 TeV : ATLAS
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for all

under consideration.
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Resonant Diphoton Production : CMS
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 Photon “SM” measurement yielding major discoveries
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Resonant Diphoton Production : ATLAS
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Test the electroweak sector of the SM with high accuracy.

Probe the SU(2), X U(1)y gauge symmetry that determines the structure
and self-couplings of the vector bosons

Search for signs of new physics through anomalous triple and quartic
gauge-boson coupling (aTGC and aQGC)

Tune MCs for main backgrounds in SM and BSM analyses.
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@ Zy @ 8 TeV : CMS
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JHEPO04 (2015) 164 « Place limits on NP (aTGC)

Z/v* Z/y*
Z/y* - Y
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Wyy -Zyy @ 8 TeV : CMS

JHEP10(2017)072

Wy — £5vyy

E 160 CMS 19.4 fo' (8 TeV)
Channel Measured fiducial cross section é W)y é] Data = Wy
. ; ©® 140} Prompt diphoton Misidentified electrons
Wryy = e*vyy 4.2+ 2.0(stat) £ 1.6 (syst) £ 0.1 (lumi) fb c B Visidentified jeis Total uncertainty
Wy = p~vyy 6.0+ 1.8 (stat) = 2.3 (syst) £ 0.2 (lumi) b o 1201 - - - Expected, % =50 Tev™

4.9+ 1.4 (stat) = 1.6 (syst) = 0.1 (lumi) fb 100k

Zyy—e'e vy
Zyy = ptp vy
Zyy = £V E

12.5 = 2.1 (stat) = 2.1 (syst) £ 0.3 (lumi) fb
12.8 = 1.8 (stat) = 1.7 (syst) £ 0.3 (lumi) fb
12.7 = 1.4 (stat) = 1.8 (syst) £ 0.3 (lumi) fb

Channel Prediction
Wy — £5vyy 4.8+ 0.5
Zyy — £V E 13.0+1.5fb 0

30 40 50 6 70 80 90 100
pe* [GeV]

NLO calculations and observations agree.
Stringent limits on NP (aQGC)
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2y, Zyy @8 TeV : ATLAS

PHYSICAL REVIEW D 93, 112002 (2016)
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* Very consistent results with the ones obtained with CMS, both in terms

of the SM measurements, and in terms of searches for NP
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Z(vv)y @13 TeV : ATLAS
JHEP12

(20

18) 010

s o v E s 10 E T T
8 10k ATLAS e Data with fullunc. _J 8 E ATLAS e Data with full unc.
] _!_- B Oata stat. unc. -! o) u B Oata stat. unc.
—_— —— Sherpa (NNPDF3.0 — L = Sherpa (NNPDF3.0]
'S 3 . NNLO MCFM { 'S 3 NNLO MCFM
T L I <
!: 3 3 —— 3 I’: -uj—'lc = ——
o ©i0? r == == T o © °
= E 3 = ) Sp—"
sl o' 3 8 OF .
1o+ [ 8= 13TV, 36.1 16° F (5= 13TeV, 36.1 b = =
EN,. 20 0EN,, =0
100 - E et
4 F
10 C . 10 . L
Slz 1o — |1 &g —— |
-8 8 * 4 - E s e ARE— e I 3 °
'_ 1 v - v T E '_ a s v w | 3
0.5 e 0.5 E
150 200 250  as0 450 600 1100 S0 200 250 350 450 600 100
E} [GeV] Ef [GeV]
1 5R10° 1 5X10°
B i S T — T iv S0 T _ T p
Epo — Z(Wy ATLAS E po = Z(Wy ATLAS
1 f5=13TeV,36.116" = 1 fs=13 Tev, 36.1 1" ]
0.5F : =
of .
-05F =
. of B9 ]
-1 of 955 ]
15 1 1 1 :x‘l 0* _ r: 1 1 1 :x10 ¢
Y 0 0.5 R 0 0.5
h hg

Z(vv)y process is less
contaminated with hadrons by

a large multijet background.

A higher branching ratio of
Z—vv yields higher sensitivity
to bosonic couplings.

This channel is sensitive to
anomalous neutrino dipole
moments, although a higher
integrated luminosity would be
required to improve over
previous LEP results.
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! Light by Light Scattering : ATLAS
Y 19 y LIg g -
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« Exclusive light-by-light scattering occurs at impact parameters larger than about

twice the radius of the ions. The strong interaction becomes less significant
and the electromagnetic (EM) interaction becomes more important in these
ultraperipheral collision (UPC) events.

« Light-by-light scattering, yy — yy proceeds via virtual box diagrams involving
electrically charged fermions (leptons and quarks) or W bosons, at order a‘gy

« In various BSM models extra contributions are possible, making the
measurement of yy — yy scattering sensitive to new physics
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In various BSM models extra contributions are possible, making the
measurement of yy — yy scattering sensitive to new physics.

CMS sets best limits on the production of a pseudoscalar-axion like
particle.
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%Photons and the Future : HL-LHC, HE-LHC

P. Giacommeli, P. Janot, A. Blondel & others

The Future Circular Colliders . .
CDR and cost review to appear Q4 2018 for ESU Technical Schedule for each of the 3 options

. . 20 22 24 26 28 30 32 34 36 38 40 42
International collaboration to Study

Colliders fitting in a new ~100 km I T TN 0 Sirateay Update 2026 - aspumed projgctdetision | | | | | |
infrastructure, fitting in the Genevois Dipole short modals | T T
« Ultimate goal: |~16 T magnets s H 16 T magnets
100 TeV pp-collider (FCC-hh) 2 e
- defining infrastructure requirements £ FCC-hh
Two possible first steps: -
3
- ee- collider (FCC-ee) : Schematic of an g FCC-ee
High Lumi, E¢y, =90-400 GeV § 80100 km |
s long tunnel o
« HE-LHC 16T = 27 TeV . HE-LHC

in LEP/LHC tunnel
Possible addition:

» p-e (FCC-he) option

schedule constrained by 16 T magnets & CE
— earliest possible physics starting dates
* FCC-ee: 2039

* FCC-hh: 2043

From European Strategy in 2013: “ambitious post-LHC accelerator project” . ¥ c i d
Studv kicked-off in Geneva in Feb 2014 R R It EEH el o pl EREINEN Y1)

* The high luminosity LHC is an approved upgrade of the LHC accelerator complex
and the experiments.

« The HE-LHC is an option under discussion, going up to energies of 27 TeV at
centre of mass.

« There are many options for the future, including linear colliders, muon

colliders ...
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ATL-PHYS-PUB-2018-051

« Significantly increase
statistics and probe
much higher energies!
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‘Photons and the Future
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@gPhotons and the Future : HL-LHC, HE-LHC-
arXiv:1902.04070v2

PDFs at the HL-LHC (Q = 10 GeV ) Di-photon production @ HL-LHC fs=14 TeV
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* Inclusive photon and photon+jet measurements aid in decreasing gluon PDF
uncertainties.

« Diphoton production at higher energies significantly benefits from reduced

PDF uncertainties
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Summary - Conclusions

ne»r-»

 Photons are excellent probes of the EW and QCD sector of the SM.

« Photon measurements reduce main theoretical uncertainties for
precision SM measurements and BSM searches.

* Photon measurements yielded a monumental discovery at the LHC, that
of the Higgs Boson

« Photon measurements are also clean probes of BSM physics.

Phos = ®wg in Greek means “light” and “bright”
and the Photon Physics near and longer term future is Bright!
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Photon Shower Shape
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JetPhox Predictions

NLO pQCD
— JETPHOX1.1,CT10 PDFs, BFG Il FF

— Renormalization, fragmentation, and
factorization scales setto ET

c 0.5¢
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— 30 to 11% with ET, change all scales  of
to ET/2 and 2ET 0.1
 PDF uncertainty 02 PP > 1100 X,\/S = 7 TeV, Iyl < 1.45
- 6% over full ET range :gjg y isolation: R=0.4, p[** <5 GeV/c
. Envelope of CT10, MSTWO08 and ©% 30 40 060 100 260300
NNPDF2.0 (PDF4LHC E, (GeV)

recommendation)
CTEQ6M instead of CT10: 3%

BFG | instead of BFG Il: <1%
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Non Perturbative Corrections

Non-perturbative effects increase
energy in isolation cone

. . . . 1.10
Correction is obtained by comparing & -
. . . . ©1.08~ <« D6T(CTEQ6L1) PYTHIA 6.4 —
the efficiency of isolation cut of 5GeV ¢ 't . z(creasy E
in a cone of radius 0.4 with and S+ 04k E
. _ W CE s PO(CTEQSL) .
without: D1.02F =
— Multi-parton interaction 1.00F =
— Hadronization 0.98[* s ¢ ¢ ¢ c0 0 3 . E
. L 096« ¢ « "5 & =
Final correction is the mean of the 0.94F E
four different tunes considered 0.92[Isolation(R=0.4) < 5 GeV =
- Dbet 090 30 40 50 60 10° 2x10%_ 3x10?
- 72 p, GeV
— DWT
- PO
~3% overall correction applied to the
NLO calculation N. Saoulidou, Univ. of Athens, 38
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Photon Reconstruction

Photons are key objects for both calibration and major discoveries.
(H->yy and BMS searches)

» Photons are isolated energy deposits in the ECAL, with no charged track
pointing to them, and with a shape compatible with a photon
electromagnetic Shower.

> [AC T =
8 r CMSPreIlminary2010 ] § id T T I T 2 Xw:, e e 3
160 V5= ”V :]Mcpomp‘ — 2 300 CMS Preliminary 2010 —e— Data @ 450 CMS Preliminary 2010 —— k|
L [ L=29pb” [ MC others (0} [ YesTTey I MC prompt ¥ o E \' 7TeV I MC prompt 3
o 1400 Inl < 1.45 B 0 C |%||_<2f4p5b [ MC athors S 400; e 29P I MC athers 3
3 o ] S 250- 7
© @ r © 350-
2 ® [ & =] &
E .‘é 200 2 300= E
N 8 ?_ 250 E
= > 150— - E
[ 200~
100~ | A 150-
[ 1 L
ol loe 100~ 3
50 B —
c -0-'-.’"‘.». e, ] 50— :L}ﬂ‘.
r ‘e A E
0"0._}_|—" Au.,sll‘,sl.'ﬁo.f: OL;UAA—— \ 4 «-mo—o—olo coooooao
Tracks p, Isolationa R=0.4 [GeVi/c] HEALE ET IsolationA R=0.4 [GeV]
L=—-—InL=—(Ns+ Ng)+ T N; In(NsS; + NgB;)
5 U T T
N Data s . CMS Preliminary 2010 |
' A 4 r \s=7TeV
N ;5 2500 L=29pb" .
° - 4
— c
2 8t 45 GeV <E; <50 GeV |
ORI s s |
. . = — . = F +— Data
"’ w Z w 1500 —— Fit result
i i R I I Background
component
w, =max( 0,4.7+log( E,/ E,,)) o Al
50.'I>
ol e
- i tiles T S
0 0.005 0.01 0.015 002 0.025 0.03
ﬂ\'\
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Photon reconstruction & identification

unconverted y

corrected MC + stat

converted vy

EIDMC + stat €D

corrected MC + stat

CMS Purity

Er[GeV] | ep+ Gugy ™ en™Cestat  ep e * (Bt
0<9gl <06
20-25 0.597 + 0.021 0.621 + 0.001 0.613 + 0.001 0.648 + 0.024 0.667 = 0.002 0.679 + 0.002
25-30 0.689 + 0.025 0.697 + 0.002 0.686 + 0.002 0.733 + 0.035 0.761 = 0.003 0.759 + 0.003
30-35 0.769 + 0.024 0.756 + 0.002 0.746 + 0.002 0777 + 0.033 0.821 = 0.004 0.818 + 0.004
3540 0.792 + 0.023 0.793 + 0.003 0.784 + 0.003 0.820 + 0.025 0.851 + 0.005 0.849 + 0.005
40-45 0.816 + 0.026 0.822 + 0.004 0.806 + 0.004 0.893 + 0.049 0.886 + 0.006 0.882 + 0.006
45-50 0.847 + 0.022 0.846 + 0.001 0.835 + 0.001 0911 + 0.036 0.899 + 0.002 0.896 + 0.002
50-60 0.874 + 0.018 0.864 + 0.001 0.856 = 0.001 0.930 + 0.029 0.923 + 0.002 0919 + 0.002
60-80 0.902 + 0.013 0.889 + 0.001 0.883 = 0.001 0.956 + 0.027 0.939 + 0.002 0.936 + 0.002
80-100 0.918 + 0.008 0.908 + 0.001 0.905 + 0.001 0.962 + 0.030 0.956 + 0.001 0.955 + 0.001
100-125 0.926 + 0.005 0.914 + 0.001 0.912 + 0.001 0.969 + 0.023 0.962 + 0.001 0.961 + 0.001
125-150 0.934 + 0.006 0.918 + 0.001 0.917 + 0.002 0.977 + 0.023 0.969 + 0.001 0.968 + 0.002
150-175 0.930 + 0.008 0.920 + 0.001 0.918 + 0.001 0.985 + 0.017 0.971 + 0.001 0.970 + 0.001
175-250 0.933 + 0.008 0.918 + 0.001 0.917 + 0.001 0.987 + 0.016 0.971 = 0.001 0971 + 0.001
ECAL Barrel (|| < 1.4442) ECAL Barrel (|y] < 1.4442)

ET MC DATA MC Ratio 7y/e ET MC DATA MC Ratio v/e
20-35 84.18 +£0.20% 86.73 £ 1.69%  1.032 &+ 0.003 20-35 69.38 +0.18% 69.58 +280% 1.060 4+ 0.004
35-45 87.27 £0.19% 89.28 + 1.27% 1.025 £ 0.004 35-45 7278 £0.18% 71.94 +2.09% 1.047 £ 0.007
45 -inf 88.50 4 0.23% 89.04 + 1.83% 1.005 & 0.005 45 -inf 7493 £+ 0.22% 72.48 +292% 0.995 + 0.008

TOT  86.30 +£0.12% 88.41 4+ 0.89% 1.012 4 0.002 TOT 71.90 +0.11% 71.31 +147% 1.028 4 0.003
ECAL Endcap (1566 < || < 2.5) ECAL Endcap (1566 < || < 2.5)

ET MC DATA MC Ratio 7y/e ET MC DATA MC Ratio /e
20-35 87.40 4+ 0.25% 92.24 +2.70% 1.035 + 0.003 20-35 71.30 +0.28% 71.07 £3.94% 1.074 &+ 0.006
35-45 91.33 + 0.22% 91.43 +2.43%  1.008 &+ 0.005 35-45 77.63 £0.24% 75.19 +3.34% 1.028 &+ 0.008
45 -inf 92.55 + 0.26% 91.06 + 3.23%  1.013 + 0.005 45 -inf 80.87 +0.31% 73.48 +4.98% 1.006 &+ 0.009

TOT  90.05 + 0.14% 91.59 + 1.60% 1.009 + 0.002 TOT  75.85 +0.15% 73.31 £231% 1.019 4 0.004
CMS Preliminary 201 0I \Js =7 Tel CMS Preliminary 201 OI Vs=7Te
5 1 JL di=2.9 pb™ 1 5 1 JL dt=2.9 pb™ o
& b i<tasz g © Lisee<mi<25 ]
0.8F 4 o8F .
0.6F ] 0.6 .
04 C Bl Loose (stat) b 04 C Bl Loose (stan _:
' C [l Loose (stat+syst) T Wl Loose (stat+sysy
0 2—_ I Tight (stat) b 0 2»_ B Tight (stan) _:
T T Tight (stat+syst T IR Tight (statseysd -
. | . . . ] . L
20 30 40 107 2x10° 20 30 40 107 2107
P! (GeV) p! (GeV)
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