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® Study of single isolated g AN g AN
photon production gives a
good test and information * e . ~E
on pQCD as well as PDFs. Y -
— 10°E L L N B NN DR
® Provide basic understanding S [ .leétlTQ‘}O)E 7TeV;
: 2 x10* photons ir
of photons in CMS R |.0pb-! in CMS
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® Foundation of photon+X °F : E
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EB : PbWO4 with APDS%‘* )‘{
22mm x 22mm x 25.8Xo

(Moliere radius 22mm)
Pixels

Tracker

HCAL
Solenoid

Muons Total weight : 14000 tonnes e J . EE - PbWO4 with VPTs
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N : pseudo-rapidity = -In(tan(6/2))
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ECAL and photon
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® A SuperCluster is a group of clusters in ECAL that
recovers energy loss due to bremsstrahlung or

conversions

® Good agreement between data and MC in modeling
event characteristics and ECAL performance.
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< Resonances seen in ECAL .
® Resonances are seen in different energy scale of photons
® Reconstructing T, 1 and Z improves the understanding

and calibration of ECAL detector
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. Photon Trigger

® |1 (hardware trigger) on ECAL trigger object with ET>5GeV

® High Level Trigger (software trigger, after L1) with

SuperCluster above |15GeV. Quick turn-on and fully efficient
after 20GeV.
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CMS

Photon ID and isolated
photons
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® This event shows a photon+jet event with good
balance on Et and .
® Photon is isolated with energy spread (shower
shape) match expectation of a photon.
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MC sample

compositions based on

PYTHIA cross sections.

Use 74 nb’!
results, MC
normalized

data for the following
distributions are
to data observed.

Require not to match pixel hit

consistent with a track from

interaction

point.
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/" and look for pixel hit
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Isolation Variables

® Cone isolation variables (radius
of AR=0.4) in ECAL / HCAL /
tracker identifie isolated
objects.
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CMS

® Powerful shape variable Ginin (shower
width in ) to distinguish photons

Shower Shape

from fakes.

® Can be used to extract photon yields W\\f\\ﬁ:

or purity of the sample
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CMS (A \ ,

o Photon |ID WY

® Apply selection cut to enhance prompt photons
over fakes (T1° or jets)

® Based on MC, the efficiency is around 90% for
Barrel and 80% for Endcap.

® Signal photons from hard-process, not decays.

CMS PAS EGM-10-005

Variable Barrel photon Endcap photon
photon Er > 30 GeV
tracker isolation <2.0 GeV
ECAL isolation <42 GeV
HCAL isolation <22 GeV
(hadonic/EM) energy <0.05
shower shape (Tinin) < 0.0l <0.03
Require not to match a pixel hit
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<+ Isolated Photons

® With photon ID applied, clear component from
prompt isolated photons can be seen.

® Purity is estimated between 40 to 100%
dependlng on photon Er

5 CMS PAS EGM IO 005 5 CMS PAS EGM-10-005
> 10 E I I | I I | 3 > 10 E I I I I | I I I I | I I I I | I I I I | I I I I E
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n L=74nb [_1 MC other N - =74 nb 1 MC other .
O L nl <1.4442 | O sl 1.566 <Inl <2.5 |
§ 10° i Barrel 3 g 10°E - Endcap 3
T 402k T 402L
e 10° S e 10° =
8 - 8 -
1E 1E
107 107

-2 -2
10 0 50 100 150 250 10 0 50 100 150 250
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* MC normalized to data * MC normalized to data
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Photon conversions
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-+ Finding Conversions ..

® Significant amount of photon
conversion is expected in
CMS due to tracker material

® | ook for pair of electrons
based on two legs associated
with the same SuperCluster.
® start from a SuperCluster [1]
® |ook for a track toward IP

® from innermost hit find 2nd
track back to SuperCluster

IcHE® |CHEP20 10, Paris Rong-Shyang Lu / NTU July 24,2010 17



~  Conversion variables

s CMS PAS EGM-10-005 : CMS PAS EGM-10-005
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30000 oo AT 50000 ol g toward IP

25000 «Data el «Data from innermost

o i fuc hit find 2nd track
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10000
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5000 10000

0-1 08060402 0 0204 06 08 1 o-1 08060402 0 0204 06 08 1

A cot 0 tracks at vix. A o tracks at vix.
* MC normalized to data
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-  Converted Photons

® Agreement between data
and MC on distributions of

conversion legs. 450
400 —t- ——
® Additional cut on top of 35°Ldj_‘IF
. 300
photon ID is used for » —+
. . 250, et
conversion selection -

e |[Ad|<0.2
® |ACOte| <0.3 100
e fit probability > 5x10- 50,

150"

* MC normalized to data

® Contribution from prompt
photons can be seen.
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CMS
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Non-collision
backgrounds
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® Halo contribution is estimated from data by

® Halo events : tagged by muon chamber

® Prompt events : seed crystal timing |tseed| < 3ns with
missing ET < |5GeV

b Y
CMS Preliminary 2010
\s=7 TeV
L, = 53.6 nb™

Halo (133)

Muon
chamber ® (Candidate events : |tseed| < 3ns with missing ET> 25GeV
HCAL o CMS PAS EGM-10-005
g S .
Endca < = Prompt /. Candidate
Halo has shorter path T oF ke gt e SR | 3
llisions TR Rk sl i i s g O L o ns
compare to co : o N O
O P > S /><
- D - ™~
. &0 / Halo \
"y °c [
%0-15:— ‘
£ /
— -20)

- Prompt (24134)
o Candidates (351)

_ | 1 1 | | | 1 1 1 | 1 | | 1 | 1 1 | 1 | 1 1 1 | | 1 1 1 1
235 1 05 0 0.5 1 1.5
Msc
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-~ Beam Halo Contribution ;

® Within candidate events, no evidence in low value

of angle(A) between beam line and major axis of
photon shower

® The estimate of contribution is less than 5.9 event

in 53.6 nb™'. .

mcandldate Sample CMS PAS EGM-10-005

halo pr'ompt S 103:— CMS Preliminary 2010
_‘é - —+ Candidate Sample Entries (351)

X a [ Halo, 95% CL limit
N """ M Prompt
...... i XS - s=7TeV
1N /R o Lyuy=53.6nb
— / major axis 1
major axis
---------- >

beam direction 0O 02 04 06 08 1 12 14 16

A
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< Summary ;’

® We have studied the photon objects at
CMS with collision data

® Applying photon ID, clear contribution
from prompt isolated photons can be seen

® Analysis of photon production is on-going
as the baseline of multiple photon+X
analyses.

ICHEP |CHEP2010, Paris Rong-Shyang Lu / NTU July 24,2010 23



CMS

ICHE® |CHEP2010, Paris

backup slides

Rong-Shyang Lu / NTU

July 24,2010

"rl!"'
5 -
\' N ‘.

\‘ |lf 3
%%}‘f’

24



JetPhox
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-+ Photon ID variables

® ECAL isolation :Jurassic cone with inner
cone 0.06, outer cone 0.4 and eta slice of 3
crystals.

® HCAL isolation :Inner cone 0.15 and outer
cone 0.4.

® tracker isolation : Inner cone 0.04 and outer
cone 0.4.

® shower shape : N distribution of shower

5"‘{_ 5 s = ’ X 2
o _ i Willli — 1) E; .
K ”/”/ o Z,S i‘\:._s ,(.(’i )

, w; = max(0, 4.7 4+ In
| Esxs
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CMS

|solation of EE

L
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<% Sum of isolation

® Sum of isolation for candidate photons.

® Prompt photons contribute in low value bins.
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