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Introduction

= Photon production in p-p collision motivation:
= Test of pQCD

= Probing of gluon parton distribution function
= Background study of Higgs—yy

= Qutline:
= CMS detector and photon reconstruction
= |nclusive direct photon production
= Direct diphoton production
= A closure look at the isolation criteria
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I CMS Detector

ILICON TRACKER agy =
HCAL |n| <5 Pl (100 x 150 s Measurement made within
ECAL |r|| <3.0 ~1m#  66M channels T k t < 2 5
Tracker |n| <2.5 Microstrips (50-100um) racker acceptance lnl )

PiXEIS Muons |r|| <24 ~210m?  9.6M channels

CRYSTAL ELECTROMAGNETIC
Tracker CALORIMETER (ECAL)
76k scintillating PbWO _ crystals
ECAL b
HCAL
Solenoid
PRESHOWER
silicon strips
M uons ~16m¢ 137k channels
STEEL RETURN YOKE
~13000 tonnes
SUPERCONDUCTING
SOLENOID
Niobium-titanium coil
carrying ~18000 A FORWARD
CALORIMETER
Steel + quariz fibres
) HADRON CALORIMETER (HCAL
Total weight : 14000 tonnes Brass + plastic scintillator ( ) MUON CHAMBERS
Overall diameter :15.0m Barrel: Drift Tubes & Resistive Plate Chambers
Overall length :28.7 m Endcaps: Cathode Strip Chambers & Resistive Plate Chambers
Magnetic field 38T
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Photon reconstruction

= Photons reconstructed through energy
deposited in ECAL. 2

= The presence of material in front of ECAL .
causes photons to convert in e*e pairs (up to

70 % in region with largest material). < £, . .
= will be exploited for the inclusive direct - %“gg’
photon cross-section measurement e T °
= The 3.8 T solenoidal magnetic field leads the e Y ek
energy to be spread along ¢ .

= Energy spread in ¢ direction is clustered.
= Same algorithm used for the trigger

= Prompt electrons rejected by
applying a veto with the pixel
detector.
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Inclusive direct photon production
Phys. Rev. D84052011 (2011)
Phys.Rev.Lett. 106 (2011) 082001
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Measurement

= Signal:
= photon with XE_ of the particles surrounding it within a cone
R=VA@+An?* = 0.4, smaller than 5 GeV. 0 Y "N

= Background f

= Mainly pairs of collinear photons from n° and n decays,
reconstructed as a single photon

= rejection based on isolation and on ECAL shower
transverse shape.

remnant statistically substracted
= Measurement performed in 4 n—-bins and 15 E_ bins.

Signal event yield

X |
d" 0 _ ANg(pr,n) Unfolding x efficiency
dndpy L-AprAn, U-c Bin width
|
Luminosity

= Combines
= Conversion method, exploiting converted photon, competitive at low E_. range

= Isolation method, using all photons, competitive at higher E. range
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Event selection

= Trigger requiring one photon candidate with
ET>ETthreshoId_

E_treshold rajsed with LHC luminosity: LR FAVAVAVAA
20, 30, 50, and 70 GeV

Trigger efficiency for events selected by the
analysis: 99.8 £ 0.1 % in the barrel, 99.0 £ 0.7 % in
the endcap

= Photon identification:
n of energy deposited

in ECAL required to be compatible with a
single photon shower.

= Requiring the energy deposited by the photon

14aVaVaVaVs

candidate in to be less that 5% than the
energy deposited in the ECAL

= e*veto

= |solation, defined in a cone R < 0.4

- XE in ECAL >

- XE in HCAL

= Xp, of charged particles measured in the
tracker

=  Combined variable defined as the sum of the 3

above variables
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Photon conversion method

= E//p; =1 for photons

Tracker E

= More likely only 1 leg
of ©° converts

- EJ/p;>1

[ITITTTISLIT I
—

_| Lo b |.| |r:|?;:; o M i : .
.6%0 =40 =20 0 20 40

rrrrJrrrrrprrrr T T T T T cm
- (a) CMSVS =7 TeV y , xem)
500 [ L = 2.4 pb° . Tracker tomography with converted y
C 25 <E, <30 GeV .
B [nl = 0.9 ]
400 [~ e Data . = Fit of signal and background yield performed on
- L 4 . . .
% - S Fitted bkg. . ET/pT distribution
2 800 [ Fit resun E - PDF used for the fit obtained from the Monte
B poo [ E Carlo simulation.
[ § = Background PDF uncertainties estimated by
B i comparing with PDF obtained with a side-band
1o o E control sample.
C L5, ] . . . .
0 immmmaanet \\&mﬁi o = Signal PDF unc_:grtamtles _estlmated by varying the
0 0.5 1 15 o 25 3 PDF peak position and width
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Isolation method

= Uses the sum of the three isolation x10°
variable as discriminant observable. 'tal)l T T T ]
= PDF parametrized with analytic ; L~ 36 pb™. 1l<0.9 ]
' - 80 <E,<100 GeV -
funcg%r:]zl _ sl i e E
[ | | O - — .
- — Fit to dat 4
e®* @ Gauss(|L,0,X) 2 - ] Signal ]
T S i ZZZ72 Background _
= Background: = 1 s
(1-p1(x-p0))P* x (1-eP>¢<¢0)) s :
= parameters are either let free in T 05l B
the fit or constrained by corrected s i
MC and control samples: [ s raterstetamresss s, ]
—€'€ 10r sighna 0 5 . 0 = 20
= Sample from a side-band SO [GeV]

region ]

= Systematic errors from PDF limited knowledge estimated from toy MCs
by varying the parameters within their respective errors.
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Results: isolated prompt photon cross section

— ICMSI E:T‘I’Té\fl a
— Ly =36pb, E'T“-:EGEH —— JETPHOX i
- 21 < <25(X10% |
—— 1.57 <n| <2.1 (X 10%) 7
—A- 0.9 <n| <1.44 (X 10?) -
= | <0.9

p+p+‘f+xl

—L
C}O:h

Results of the two
methods are combined
using the Best Linear
Unbiased Estimate
method

=L
<

b
LU

R,

o’o/dE.dn [nb/GeV]
o

10%
[ NLO pQCD JETPHOX =
~ CT10/BFGII, pF:pT:uH:ET -
1 0-5 — MPI and hadronization corrected
| | ] | | | | | | |
30 40 50 10° 2x10?
E, [GeV]
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Comparison with theory

[ T T T T N T T T ] T T]
00 @) cMs Vs=7Tev,L_ =36 pb’ - 20 ib) CMS V(s=7TeV,L _ =36 pb’ -
i | < 0.9, Eflf'o <5 GeV ] i 0.9 < n| < 1.44, E's° <5 GeV ]
> 15 ’ - > 15[ :
o i . o - i
) B ] ) i 7
= [Tt - ] i |
8 0] S el e S 10 - -
m I 1 - TR LR i -lc—U‘ i i
QO . : N ; 1
0.5 B —e— Data/JETPHOX CT10 | 0.5 B —e— Data/JETPHOX CT10 N
- Stat. + syst. uncertainty - - Stat. + syst. uncertainty -
R Scale uncertainty 7] B --- Scale uncertainty 7]
0.0 B | CI:T1D PDFterlmS Il.mlcre|rtainty | | ] 0.0 B | (I:T10|PDII=@IocS Iun|ce|rtainty | | T_
30 40 100 2x10° 30 40 10° 2x10°
E; [GeV] E; [GeV]
0<n[<0.9 0.9<|n|<1.44
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Comparison with theory

[ T T T T T T T | T T |_ [ T T T | T Il

50 [(C) CMS Vs=7TeV,L _ =36 pb’ N soH(d) cms Vs=7Tev, L =36 pb’ N

i 1.57 < | < 2.1, Ex° < 5 GeV 1 i 2.1 <n| <2.5,E;° <5 GeV i

> 15 1 > 151 _
o i 1 0O - i
g — I g : :
Ly - I___:HJ PIDUEE S iy St e it et e B - %"{'&L‘}” Lo oy
c 1.0 ........ZZIIZZ..:};,.%{J ....... :+ 2L ] 1 @ 1.0+ "::"'&j::i:::i::: ps— .::::;ﬁm:
Q[ T 1a | 1
0.5 | —e— Data/JETPHOX CT10 N 0.5 B —e— Data/JETPHOX CT10 i

- Stat. + syst. uncertainty - - Stat. + syst. uncertainty -
I Scale uncertainty 7] e Scale uncertainty ]

0.0 ‘_ I c|:T1D|PDI|=@J||:¢S Il.mlcre|rlainty | | __ 0.0 ‘_ I .......... (|3T10|PDI|=@|<15 Iunlmg;'rt;.;.im!,.v | :

30 40 102 2x10° 30 40 10?  2x10?

E, [GeV] E, [GeV]

1.57 <n| < 2.1 21<|<25
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Direct diphoton production
JHEP 1201 (2012) 133
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Measurement

= Measurement signal: two signal photons
= Measurement background:

= Two background photons, 1 background + 1 signal photon.
Drell-Yan: subtracted (POWHEG NLO + PS + full simulation) m’ N EaVaVaVals

= Signal photon:

= photon with XE_ of the particles surrounding it within a cone

Y "

R=VA@*+An? = 0.4, smaller than 5 GeV.

= Background photon:

= Mainly pairs of collinear photons from n° and n decays, VaVaVaVaVs
reconstructed as a single photon
= rejection based on isolation and on ECAL shower

transverse shape.
= remnant statistically substracted

= Measurement of differential cross sections as function of M, Pr,y A(pw,
cos 0* = tanh(AyW/Z) in two pseudorapidity regions:
In| <1.44 and |n|in [0, 1.44] U [1.56, 2.5]

do

U
N’Y’Y

Unfolded signal event yield

( ! ) Acceptance x efficiency correction

(X;) =

dX L

X

C (Xz) —| Bin width
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Event selection

= Two isolated photons with E_ > 23, 20 GeV

= Photon separated by R > 0.45 (mutual isolation exclusion)

=  Photon identification:

of energy deposited in ECAL required to be compatible
with a single photon shower.
= HCAL photon deposit < 5% of ECAL photon deposit (in R < 0.15)

= Photon isolation:
= ECAL: >  Er <02Er(y) (for trigger)

0.06<R<0.3
An=0.04

- HCAL: Y. Et1 <2GeV (barrel), 4 GeV (endcap)

0.15<R<0.4

« Tracker: >, pr < 2GeV (barrel),4 GeV (endcap)

0.04<R<0.4

An>0.015 _

and no track with: R < 0.4, p_ > 3 GeV, |
impact parameter d, d, < 1,2 mm, ¢ |

with one hit in first pixel layer
(called impinging track)
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Signal and background PDFs

- ] e
Background statistically subtracted CMS Vs =7TeV, L =36pb”, |n|<1.44

using an ECAL isolation variable S g

distribution of individual photons. R — Signal photons
Threshold applied to exclude olbte Background photons
MIPs from the isolation variable = [

sum 2
Probability density function (PDF) 10
extraction: :
: deposits in isolation  10°F
area due to pile-up and underlying
events i
Uses random cone technique: -
isolation calculated from an IR RN BT AT AN BT
inclusive photon sample around Claston  overfow) > ) >
ast oin : overftiow I(
a “random” direction: at T1/2 +
11/4 from photon in azimuth and
at same n

(o)) 1 IIIIIII| 1 IIIIII| 1 IIIIIII|, 1 IIIIIII| 1 IIIIIII|

0
o
=

Systematic uncertainty on the PDF estimated by comparing with the PDFs
obtained with three alternative methods: electrons from W, electrons from Z
and MC
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Signal and background PDFs

m impinging CMS Vs =7TeV, L=36pb",|n|<1.44
trackmethod 51E_IIII|IIII|IIII|IIII|IIIIIIII
= Photon background sample obtained > — Signal photons
by one charged particle within R<0.4 b - Background photons

around the photon candidate tagged
by a reconstructed track issued from
the primary vertex

= measurement sample: no track

= control sample for background 107
photon PDF extraction: one track -

= The ECAL isolation is corrected for the 10

energy deposited by the charge

particle (deposited energy not counted in 0'| SRV I RN RIS BRI RN

1 2 3 4 5
the transverse energy sum) (last bin : overflow) I

102

(o)) 1 IIIIIII| 1 IIIIII| 1 IIIIIII|, 1 IIIIIII| 1 IIIIIII|

0
o
=

= Systematic uncertainty on the probability density function (PDF):

= same method applied to extract PDF of one-impinging track events from a
two-impinging track sample. Uncertainty estimated by comparing the direct
PDF and the one extracted from the two-impinging track method.

= also estimated from comparison with the simulation
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Diphoton: azimuthal angle between the two photons C%-

L
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Diphoton: azimuthal angle between the two photons C%

e "
: .

—
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Diphoton: mass

CMS \s =7 TeV, L = 36 pb’ CMS \s=7TeV, L = 36 pb”
ml < 2.5, Eg, > 20, 23 GeV ml < 2.5, Er, > 20, 23 GeV
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Diphoton: mass

CMS \s =7 TeV, L = 36 pb’ CMS \s=7TeV, L = 36 pb”
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Diphoton: diphoton transverse momentum

CMS \s =7 TeV, L = 36 pb’ CMS \s=7TeV, L = 36 pb”
ml < 2.5, Ey, > 20, 23 GeV ml < 2.5, Ey, > 20, 23 GeV
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[ . 0.5F {‘ e
- —— Theory DIPHOX + GAMMA2MC . s e (e i ]
—&— Measured 417 [———— i T - R
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Diphoton: diphoton transverse momentum

CMS \s =7 TeV, L = 36 pb’ CMS \s=7TeV, L = 36 pb”
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pb)

S

do/d|cos 6*

Diphoton: scattering angle

CMS \s =7 TeV, L = 36 pb’

ml < 2.5, Er, > 20, 23 GeV
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Diphoton: scattering angle

CMS \s =7 TeV, L = 36 pb’
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NNLO prediction: azimuthal angle between the two

photons

= Prediction uses Frixione isolation -> no fragmentation
contribution.

= Measurement: cone isolation.

—— NNLO
100} 2yYNNLO
---- NLO
50} () cMS IU'R=:U'F=M77 5
— I
2 (JHEP 01 (2012) 133)
A Dide Eloriany ErCieriiet al § T T
< arXiv:Ad 10,2375 +
< L
g 10 :
b + e !
S st o3 b
T l
|
e
|
_______ |
iy :
0.0 0.5 1.0 1.5 2.0 2.5
Aqby7 LHC-Higgs XS WG YR2 arXiv 1201.3084v1
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A closure look at experimental isolation criteria
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Experimental isolation

= Quote from Phys. Rev. D84 052011 (2011): “In the simulation, a signal
photon must have an isolation sum of less than 5 GeV.”
— used for efficiencies and unfolding
— a generator level criterion

= But the measurements assumes for signal

photons
from the main interaction in their isolation

area and apply severe cuts: see next slide.

inner: ~0.15

inner: ~0.06

inner: 0.04 strip: ~0.04
strip: 0.015
outer cone: 0.4
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Experimental isolation

The measurements assumes for signal photons
in their isolation area

Conversion method:
H/E,., . < 5% .

| <2+0.001E, (GeV)

track

L., <4.2+0.003 E, (GeV)
| ou < 2.2 +0.001E, (GeV)

|solation method:
HIE,, .. < 5% } Isolation also applied in the

hoton direction
No track associated to the photon P

Isolation compatible with a direct photon. Effect on the isolation variable distribution of
photons from ISR/FSR and parton shower evaluated in Pythia and included in the
systematic uncertainties

Impinging track method (diphoton):
H/E ;15 < 5% Isolation also applied in

No track associated to the photon — the photon direction
No track from primary vertex with P_> 3GeV within R < 0.4

| <2 GeV (barrel, [n|<1.44), 4 GeV (endcap)

track

| ..., <2 GeV (barrel, |n|<1.44), 4 GeV (endcap)

HCAL
ECAL isolation compatible with deposits from Pile-up and underlying events

Isolation also applied in the
photon direction
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Effect of isolation parameters on prediction

= Effect on total cross section is limited

DIPHOX, Binoth et al.
Parton level study, Ph .Gras. Not CMS approved.
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ef

r

1/c do/dm / (1/c do/dm)

Effect of isolation parameters on prediction

= Effect on mass distribution

DIPHOX, Binoth et al.
Parton level study, Ph .Gras. Not CMS approved.
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Effect of isolation parameters on prediction

= Effect on the distribution of the azimuthal angle separating the

photons
DIPHOX, Binoth et al.
Parton level study, Ph .Gras. Not CMS approved.
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Conclusions

g cross-section measurement: double
differential as function of E_and n. Probed 0.007< x_ < 0.114,

good agreement with theoretical NLO prediction.

2 cross-section measurement: contribution in
region of low A underestimated with NLO + Fragmentation.

Good agreement with NNLO w/o fragmentation

= Far from the simplified cone isolation applied in the prediction

= Not evident that such a simplified cone isolation describes better
the experimental cone isolation than a Frixione isolation would.
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Inclusive direct photon cross-section measurmen: signal

selection efficiency and unfolding

. Etrig XE . XEHXEL, 0.14 :—(a} CMS \/s =7 TeV B
€, ~ 100% (Data Tag & Probe) 0.12 |- b Pre
B & 1.57T<n| <21 ]
greco ~ 99% (MC) 01 = 21< |qT< 2.5 ]
= - -
- g, Tag an% ggo(%e (T)&P), Z—e*e- é 0.08 [ ]
ata = - .
= MCx i 006 ]
T&P(MC) ' ]
© G SR EERe S o e E
= Isolation: pixel veto 002 [ ]
= T&P, Z-spu uy N R B
= Conversion: conversion selection efficiency 30 40 50 60 10° 2107
= Exploits isolation method to estimate event yield Er [GeV]
after and before applying conversion selectonone (b)  cMS\E=7Tev
control sample selected without isolation cuts. ol
- <0.9

# 0.9 < |n| <1.44
= 1.57<n| <21
#21<nl<25

Unfolding

Correction factor is computed from simulation
for each 1, E. bin to take into account the finite

resolution of the detector:
U =0.90 to 1.03 in the barrel 0.7
U=1.03to 1.16 in the endcap

0.9

Efficiency

0.8

0.6

1 1 1 1 1 1 1 | 1
30 40 50 10° 2107
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Systematic uncertainties

= Source of
systematic errors:
«— Fit bias
—e— [E scale
—— Efficiency
«— Unfolding
—— 5ig/bkg shape
—— Total

=  The two methods

are complementary:

= conversion
competitive in
low E_ range

= |solation
competitive in
high E_range

March 30, 2012
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Systematic uncertainties
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Systematic uncertainties
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Systematic uncertainties
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Photon deposit shape variable

of energy deposited in ECAL required to be compatible
with a single photon shower: o < 0.010 (barrel), 0.030 (endcap)

> ZSXS Wi (77; _ 775><5)2
nmn Z?XS W

E.
w, = max|0,4.7 + In——|,
Esxs

March 30, 2012 Philippe Gras CEA/IRFU 40



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40

