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Motivation: Direct photons
>Not from decay

>Prompt photons
> pQCD NLO calculable
> Signal scales with N-bin

> Fragmentation

Additional sources in AA collisions:

»>Jet-Medium interactions
> Jet-photon conversion

> In medium bremsstrahlung
>Thermal

> QGP
> Hot Hadron Gas (HHG)

(@) Quark-gluon Compton

(b) Quark-antiquark annihilation

(c) Fragmentation (bremsstrahlung)
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Photon measurement with ALICE

Detection methods/devices:
>Photon Conversion Method (PCM)
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Measurement I Isolated photons

>Subset of Direct photons

>Tag the energy of recoll jet
>Constrain PDF

>Not modified by the medium
>EMCAL + tracking

>Only pp 7 TeV (EMCAL trigger)

>Good BG rejection at higher p_
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Measurement II:
|solated photon-hadro

>Constrain FF

n azimuthal correlation

h
>Evaluate E-loss in AA collisions _ Pr
Xp=—"—'COSO
: p
>EMCAL + tracking I
(X. Zhu talk yesterday)
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Measurement lll: Direct photon with PCM

»>pp (7 TeV) and PbPb (2.76 TeV)
>MC pp: Pythia-Perugia0, Phojet
>MC PbPb: Hijing (MB + high-p_ 11°)

>Tracking (conversions)
>Subtraction & Double ratio method

>Generator cocktall
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The Photon Conversion Method ...

—

Secondary Vertex Algorithm: VO [ T Hduglal
>Tracks with high IP paired
>Pairs with small DCA-> VO candidate

>K°, A\, anti-A and y most abundant

>Conv. Probability: ~8.5% (180 cm)
> Topo cuts — 90% purity in central PbPb

.--"'l]lE

5 . . . : R [V = iy
Negligible strange part. contribution TR R
b = 1
: el |
nt° and n measurement via PCM: T, _

. . . |

Identical set of photons used for this analysis S A oA ,;F;-:
M, (GEWE) 1

See Fengchu Zhou talk later today.

1 Ir""""“‘- "*l-,.-l.n.-L.-.l_..._l_..;_._.u_.
0.2

. I-|:|.15 )
. GaVic®)
arXiv1206 65724yl e (GVEY

Mauro Cosentino - Photon Measurement at LHC with ALICE Oct. 23, 2012




Subtraction & Double ratio

>Direct photon signal:

>Double ratio:

Ydecay

Ydirect — ¥Yinc Ydecay ( 1- Yinc

YmC / Ydecay YInc

> If >1 - direct y signal

T[

> Cancellation of uncertainties

>Numerator: inclusive y per m°

0 y decay
par

A

: . 0
>Denominator: Zdecay Yy per 1

>Decay Yy obtained by cocktail simulation
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Invariant cross section for pp

Corrections for pp and Pb-Pb raw spectra:

. d3 o 1 9%MBpr 1 P N prim
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Main uncertainties 10° ‘e, =
= l. E
>Material budget: ~4.5% 107 "o, =
.. .. - —#— Inclusive y * -
>Cut variations on efficiency g G,,, UNCertainty + 3.5% ° E
> p.<5 GeV/c: pp (Pb-Pb) ~3(6)% 0= ‘. =
10'= o
> p.>5 GeV/c: pp (Pb-Pb) ~6(15)% = -

| | | | ] L1 | | | | | | L1 |

Example of cuts:
Geometrical cuts, detector PID, sharing of tracks between secondary vertices
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Invariant yield of inclusive photons in Pb-Pb

Two centralities: 0-40% (central) and 40-80% (peripheral)
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Cocktail simulation

Decay 7y spectra obtained from:

>Fit to ©° and n measurement (pp)

>Other mesons from m_ scaling

>Included: 7°, n, ', ®, ¢, and p°

11

D': E T T T I T | T T I | T T I | I T T | T T I | I T T T —]
~_ _ all decay y ]
: PP, Vs =7 TeV x0—yy (eley) =
= oL n—yy (Wny.eeynlyy) ]
i @ 2y (m)
1oL 1/08/2012 ' = py (@y, 1Y) _
= b —ny (:rtay, wy) =
L] —
Ve
-
10 E
10—5 B | | | | 1 | | | | 1 1 | | | | | L1 | | 1 | |

0 2 10 12 14 16
P, (GeVi/c)

Meson (Cpy) Mass Decay Branch B. Ratio
70 134.98 ~ 98.789%
ete ~ 1.198%
n 547.3 Yy 39.21%
Tt Ty 4.77%
(0.48) eTe 4.9.10"3
o° 770.0 atn Ty 9.9.103
(1.0) 70 7.9-107%
w 781.9 70~ 8.5%
(0.9) Ny 6.5-10 4
n’ 957.8 %~ 30.2%
WAy 3.01%
(0.25) 278 2.11%
m_ scaling:
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Mauro Cosentino - Photon Measurement at LHC with ALICE

Oct. 23, 2012




Direct photons in pp
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In the ratio uncertainties
related to:

>normalization

>1t° measurement

>rec. efficiency

partially or exactly cancel

Direct photon signal in pp at 7TeV is consistent with zero

>The NLO double ratio prediction is plotted as Ry, o = 1 + Ldirect.NLO

wdecay

l'cocktail

>Measurement is consistent with the expected direct photon signal
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Direct photons in Pb-Pb
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Double ratio for peripheral events shows no Double ratio for central events:

excess at any value of p_

sClear extra yield of 20% for p_ < 2
*Measurement is consistent with the expected GeV/c
direct photon signal

sN__ scaled pp NLO in agreement with

>pp NLO predictions scaled with N _ :
col high p_ direct photons
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Direct photons in Pb-Pb

Direct photon spectrum in central Pb-Pb 2.76 TeV
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>NLO predictions in agreement with spectrum (p_ > 4 GeV/c)

sAtlow p_ (< 2.2 GeV/c) spectrum fitted with an exponential with slope
parameter T = 304 + 515" MeV

sIntermediate region: superposition of low and high p_ direct photons
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Measurement IV: Direct photon v, (PCM)

What direct v " is good for?

. . . - ?
v, constrains direct photon production: How to get it*

>Early (QGP) - small flow -)VZO"W: (R-Vzi”C'y-VzdeCY)/(R-l)

>Late (HHG) - large flow like hadrons _ |
_ _ >Ratio R= N™ /N
High T expectation:

. sInclusive photon: v "
>Mostly thermal v, small direct v2y 2

>Decay photon v_“ (from cocktail)

ideal hydro thermal v, for different QGP formation times T

0.08

0.04

T Mermal Photoms || >Direct photon sample as starting point
- Au+Au@200 AGeV ,;::;f,”’ B ]
"1 b=gm S : >Same double ratio method
arXiv:0809.0548 R ]
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Event plane: VO detector
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Extraction of inclusive photon v,
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Inclusive Photon v, 0-40%
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>Magnitude increases with decreasing centrality
>Similar to hadrons
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Cocktail simulation for v,

SV, of hadronic resonance
decay photons

>Assumption: v_(1t) = v (1)

>Quark number scaling in
transverse kinetic energy
proportional to v_(1T%):

() =vE (| (KES +mm* 2 — (7 ?)
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Inclusive, decay and direct photon v,

>N
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i | | | | | | 1 | | | | | | | | | | | | | | | | |
[ 0-40%, Pb-Pb, Vs, ,=2.76 TeV ]
0.21~ VZERO Event plane g
— ALICE -
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>p <3 GeV/c: v " similar to inclusive or no y"

>p_>3 GeV/c: ¥'" contribution with smaller v
T 2

»Significant v " below 3 GeV/c

>v_“" comparable to hadrons

>Unexpected from T
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Conclusions

>ALICE can measure direct photons with different detection techniques
>|solated photons in pp collisions at 7 TeV up to 50 GeV
>|solated photon-hadron correlations feasible and can constrain FF (in pp)

>PCM: no direct photon signal in pp at 7TeV (consistent w/ NLO)
>PCM: no direct photon signal in peripheral Pb-Pb (consistent w/ NLO/N__)

>PCM in central Pb-Pb gives:
> T=304 £ 51" MeV

> Consistency with NLO/N__ for p_>4 GeV/c

sDirect photon v, below 3 GeV/c comparable to hadrons

> Unexpected from T
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BACK-UP SLIDES
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Measurement |: Isolated photons (PID)

< 2000 n pp, s=7 TeV
G 1800 6<p,<7 GeV/c
. - - . 5 1600 ALICE
>Single particle simulation 2 OE g

1400 :
—— Semi-converted nt°

—— Fit (Gauss+poly2)
—— Signal
----- Background

>Full event + reconstruction
>Data driven
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Measurement I. Isolated photons (purity)

purity
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Double Ratio - Pb-Pb 2.76 TeV - central
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Clear extra yield of 20% for p.,. < 2GeV /c
Ncoy scaled pp NLO in agreement with high p. direct photons
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ALICE

A JOURNEY OF DISCOVERY

arXiv:nucl-ex/0605005
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@ Similar to low p, direct photon observation by PHENIX
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Cocktail simulation In
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Mauro Cosentino -

Photon Measurement at LHC with ALICE

O Exponential thermal
photon spectrum

O Inverse slope
TE = 220 + 20 MeV

O T from hydro 300-600
MeV

= Photons produced at

early time

26

Oct. 23, 2012



ALTCE Direct Photon v2 from PHENIX

PHENIX nucl-ex, arXiv:1105.4126
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O Large »9™t compared to hadron v, supports
theory of production in hadronic phase

O Temperature (TE" = 220 + 20 MeV) favors early
production time
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