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Direct photon production

«

Direct photons are produced in ultra-relativistic hadron collisions.
They are produced via « hard processes » (strong interactions between

initial partons):

q J"J Y Y Y
g q | B
Compton Scattering Annihilation

Cross section of direct photons can be estimated by QCD calculations:

y,d1rect é&' X 0hard process
Parton D.is.tribution Functions (PDFs): Hard process cross section,
~ probability of a parton a, b to be calculable with QCD
present in a hadron A, B (e. g. proton)
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Physics motivation

KKK B2

- PDFs are essential to any pQCD computation, any improvement in
their determination will decrease theoretical uncertainties

- Direct photon is a good observable to 51 ) D7 XNE=14 TeV, y=0
constrain PDFs, particularly the gluon G g g->y g {Compion)
one which is presently one of the least +,.¢ —-qg— v g (annihilation)
constrained PDF E I Fragmentation y
e T———¢—— "~
2 [JETPHOX 1.1 [CTEQ6.6{u-E)
a T
Compton process which n08
directly involves a gluon is 0.6 -
the dominant channel of -~
direct photon production 0.4- ,ff
at LHC energy ) 21':
u-n'l"‘__u‘_du__TTdu_uT’_-T L1
10 2030 100 200 1000
R. Ichou thesis E! (GeV)
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Physics motivation

KK B

Direct photon is of high interest also to study energy loss mechanisms
of hadrons in quark gluon plasma (expected in HI collision)

Photons do not interact strongly e ReniX McCumber QM talk
with the plasma: access to the © @ " arXiv:1208.2254: 0-5% E
o oge 16 o v arXiv:1205.5759: 0-5% _]
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« Jet quenching »: partons loose their
energy interacting with the medium
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Isolated /direct photon measurement @ LHC

e

ATLAS 45 - 400 -1.37 - 1.37 Phys.Lett. B706(2011)150
ALICE 10 - 50 -0.3-0.3 M. Consentino's poster
(QM12)
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EMCal
module

B2

= 10 super modules (+ 2 mini) composed of
24x12 modules

= 12288 towers grouped by 4 (module)

= Granularity : AnxA¢ =0.014 x 0.014 rad

= 78 layers of scintillator separated by 77
lead layers (~ 19 X))

= Acceptance : Ap = 110°, |n| < 0,7

= Possibility to measure particles (electrons,
photons) at very high p_(up to 100 GeV/c)

Electromagnetic
shower
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Analysis strategy
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Toward direct photon cross section measurement

Hit neighbouring cells are
grouped into clusters

Example of EMCal cluster

To obtain a direct photon cross section from a cluster spectrum we will proceed
in three stages :

Step n°1: Photon identification: Select between all clusters photon candidates

Step n°2: Direct photon search: Produced far from other particles (underlying
event excepted), direct photons can be identified with isolation criteria.

Step n°3: Correct and normalize to obtain a cross section

QGP France 2012



Quality assurance

e RO

Physics analyses require to ensure data quality. We took responsability of
EMCal QA since 2011, this covers two main aspects:

Calorimeter performance:
- Check EMCal channel behaviour
- Create « bad channel map »

[ Cell 2115 Entries: 331497 Ref- 3749 |

—_
(=]
e

Run quality:

- Verify stability of basic quantities (energy
multiplicity of clusters, timing...)

- Assess on quality

- reference

N Entries

= current

104

||I'q T 11T

10°

To complete these tasks we developed some

automatized procedures (based on Olga Driga's work) o

10

Example of bad cell found
by our bad channel )
analysis program | ) ) " E(cey)
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Photon identification

IT - Shower shape discrimination (}\§< 0.27)

Above ~7 GeV , « neutral clusters »
are mainly due to decay photons
that merge into a single cluster
with elongated shape.
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I - Charged particle veto (« charged cluster » removal)

If an EMCal cluster matches a TPC track, it is discarded

Pp —7X CTEQSM BFG setll M=y =M_=p_
pp —7°X CTEQSM KKP M=p =M_=p_
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Direct photon search

:_U T T T | T T T | T T T | T T T | T T T | T T T | T T T | T T T | T
: . : 2 __Isolation R=0.4, p™**"<0.5 GeV/c A
interaction point Z2r Pr = )
SZ - m v Pythia (y-jet) Vs=7 TeV ALICE
— Mo PERFIRMA —
- e 1° pp data Vs=7 TeV 26/07/2012
proton ¢ oo s
proton - B
(1 0 bl TT=1 T R |
Q@ (v ) B Ll DL DL T L L]y TSL T
@ 0.6 _— —_
photon . N. Arbor QM 2012 E
trajectory - -
0220 oo _
- ooo.ooooo..........oooo.o.Q;
B 11 1 | | | | | | 11 | 11 | | L1 | | | 11 | | | | | | | | | 1 i
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P, (GeV/c)
¢
< > Direct photons are much more isolated than

other contribution, several isolation criteria exist:

Cone radius (R=0.3, 0.4...)
R=+/A2¢+ A2y

1) No particle in cone with p_> pt;‘reSh (0.5,1GeV/c ...)

< ith e =
2) ) Princone < € Py, (Withe=01,02..)
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Direct photon search

& B

Which isolation criteria should we choose ?

) UE vs pt of isolated photon candidates gz 1af pp Va7 TeV | . -R | [;3~ T ~
z B 2 12 @vPythia(y-jet) g gp_02 ALICE ]
3 Zz | emdaa + R=05 SO
- w T ‘ . ]
- f 3 |
- —— —+— o06F * N. Arbor et al. ALICE-INT-2012 -
- o 0.4 f ]
= L ]
— . -
= 02| P L ] 3
- 4"+’+‘ ¥ ’ | 4 4 4 ! 4 L M L 1 M ¥ M M | X 4 4 4 E
= 0 | " Isolation Method : pi™eshold
- = 3'2 * p,c[12,16] GeVic ' ;
— =
— 825 ° 1
- = 2 E
— g 15 - L ® E
- | | | | | | | < S | IS B .
0I 1 1 I15I 11 I20I 1 1 I25I 1 1 ISUI 1 1 I35I 1 1 I4UI 11 I45I 1 1 I5l 050 X X 0[5 ) X ) X ‘ll X ) X 1|5 5 X . ) 2o
p_l_ pEPreshold (Ge‘\ﬁc}
No clear dependence of UE vs Low contamination and good efficiency
photon transverse momentum for R=0.4 and threshold =0.5 GeV/ C

Our isolation criterion: no particle with p_> 0.5 GeV/c inside cone of R=0.4
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Direct photon analysis

& B

Data set used:
- 50 runs of pp collisions @ 7 TeV (2011 data)

- 5 millions of EMCal triggered events (« EMC L0 »), with 4 GeV and 5.5 GeV
threshold (on a 4x4 cells patch)

- Runs with full EMCal and full TPC have been used (no sector missing)
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Isolation performance

D

Uncorrected isolated/inclusive photon ratio E > 8 GeV

Isolation is quite
homogeneous on

EMCal fiducial area |24

2.6

2.2

Some holes were
present during
those periods

2
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|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII| D

-04 -03 -0.2 -0.1 0 0.1 0.2 0.3 0.4

N

Fiducial cut used: 90 % of the cone should be in the EMCal active area.
It increases the available EMCal area by a factor of ~2 compared to a strict fiducial cut
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Direct photon : raw spectrum

LR

~ 5M pp collisions @ 7 TeV
analyzed (2011 data)

Trigger: EMCal (« EMC LO »)

10°

The analyzed statistics allows
to go up to 40-50 GeV/c

Uncorrected direct photon spectrum
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ALICE

WORK IN PROGRESS
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We have to correct and normalize this spectrum to obtain a cross section
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Normalization

& B2

Cross-section of X particle production reads:

hr}i_'
B {E @A}TECG X Eiﬂ'gger X *Ciﬂ.ﬁ

olpp = X +...) =

We need to estimate the integrated luminosity analyzed L;,.. . We
have developed a method to estimate it for EMCal triggered data:

L. . = Nevi < Analyzed events
L T
sMB X ouB X R

We use rejection factor computed from MB data:

Number of MB events
NyvB&EMC <+ with EMCal trigger input

/P X NuB \

Pileup correction factor Total number of MB events
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Normalization

LR PP I PIIIIIIIIIIIII I

R vs run index
We want to compute R

factor and to check its [

. 0.0014—

stability -
0.0012— +

- Only few trigger entries Y dinad Jr $+ ++++Jf++$

in each run 0.0008-
0.0006— 18 runs with a trigger
- Good stability (within - threshold of 4 GeV
error bars) 00004~ é\:é%
0.0002— !
B ALICE
D_ | 1 1 1 | | I | | 1 1 1 | | I | | 1 1 1 | [ WORKIN PROGRESS
2 4 6 8 10 12 14 16 18
run index
Average value : ,
(weighted by nugmber of events) R =0.00107 = 0.00002 (Stﬂt)
B QGP France 2012 B




Normalization

(K

We want to compute R
factor and to check its
stability

- Only few trigger entries
in each run

- Good stability (within
error bars)

Average value :
(weighted by number of events)

R vs run index

X

—h

=
s

o0 31 runs with a trigger

threshold of 5.5 GeV

<
ALICE

WORK IN PROGRESS
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|
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R = 0.00034 + 0.00002 (stat)
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Conclusion & outlooks

Conclusions

- We have obtained a direct photon raw spectrum

- We have developed a normalization method for EMCal triggered data
Outlooks

- Compute efficiency/contamination of our isolated photon spectrum

- Evaluate systematic errors

- Comparison with CMS/ATLAS and Jetphox (work in progress)

QGP France 2012
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Photon identification
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Shower shape of clusters after TM:

D
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Identification des photons

&

oM . P L 2
Test n°2: Forme de la gerbe électromagnétique (0,1<\ < 0,27)

. . : £ T
- Quand un photon atte/lr.lt EMC(al, il produit E Simulation geant 3
une gerbe électromagnétique ayant des < oaf
caractéristiques bien connues I eénergie 20 GeV
- Expérimentalement 1'étude de la « forme » " y
du cluster, plus précisément la variable X’ - ;
0 : T
nous permet d'identifier un photon : 0.06/— -y
ﬂ.EH_—
I}.I]E_—
: ey
L _».":‘hﬁr' 5 -
0 0.2 0.4 0.6 0.8 L
cluster & g
Densité de probabilité du AZ pour un

cluster engendré par différentes particules
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QA cuts/selection

B EE R

Clusterizer V1 with:

- Minimum energy of the seed: 100 MeV
- Minimum energy of a cell: 50 MeV

Cluster selection:

- Eclus > 0.3 GeV

- Ncells/cluster: at least 2 cells

- Distance to bad channel: at least 2 cells
- Exotic clusters removed

Photon selection:

We only consider clusters > 8 GeV as photon candidates to be far from
trigger threshold (5.5 GeV except first runs which have 4 GeV threshold)
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Photons de fragmentation et isolation

& 222

c c T =
o. .F v ¥ E= - o, . pp — v X, s=14 TeV, y=0
:-31-4__ PP — fx’" s=14TeV, y=0 }3’1'4— y isolation: R=0.4,,0.1
g i —qg-74q(Compton) g i —qg— 7 q(Compton)
n1.2F —-qq— 7 ¢ (annihilation) 31 2 —-qq§— 7 ¢ (annihilation)
e L - Fragmentation y 0 T ---Fragmentation y
o Q I
o | e SC T
& [ JETPHOX 1.1 (CTEQS.6, L1=EH _g- | JETPHOX 1.1 (CTEQS.6, u=E;)
g I 2l
0n0.8— 0n0.8-
- _‘-_-'-'-—-——_
| - T e
0.6 - 0.6
0.2- | e
G_—n-r——_,‘__,_d,__r-:ﬁd__'d,_ L L Ll D_||| 1 Lol 1 [
10 20 30 100 200 1000 10 20 30 100 200 1000
E; (GeV) E! (GeV)
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Cell density variable (CD)

' oe




Cell density: fiducial cut

L Ca:::@aannS—m B

Estimation of EMCal available area vs CD cut and cone size
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LO counter pile-up

L

In one bunch crossing (BC) we can have several p-p (Pb-Pb) collisions but the
LO counter will only count one event. To correct for this effect we use P

which corresponds to the average number of MB event per LO count, with
Poisson law assumption we obtain:

Average number of

MB event per BC \
M B MB

Bunch crossing not
masked per orbit

LHC frequency

MB LOb rate
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