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Direct Photons

e clectromagnetic probe
e advantages:
e clementary production processes well understood
* reduce systematic uncertainty in interpretation
e little modification in final state
* probing early phases
e disadvantages:

e small signal/large background



The Two Faces of Photons

e prompt photons:
e produced in hard scatterings
e described by pQCD, dominate at high pr
* probing the initial state
* NnPDFs, saturation, ...
e thermal photons:
e thermal QCD (+hadrons)
e good theoretical understanding, dominate at low pr

e em radiation from thermal system (QGP)

e information on temperature from early phase
... one of the holy gralils of heavy-ion physics
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Prompt Photons at RHIC

e for pp collisions good description

PHENIX, Phys. Rev. Lett.104:132301,2010
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NLO pQCD
(by W.Vogelsang)
CTEQ 6M PDF
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with NLO pQCD

e some tension at low pr

e for central Au—Au collisions
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AN /dp7.(AA)
<Ncoll> ) d‘]\]v/dp%1 (pp)

Raa =

s 2'2; Isospin effect
o 2 —m——— EPS09 PDF [5]
1.8— — — - prompt+qgp [2,4]
’ 6i — . — coherent+conversion+A E [3]
1.4;
12 \g ;
= . i ¥ LH? \"};-- I
- N —
0.8; e~ —
0.6 = —
04— Au+Au,|s,,=200 GeV
[ H o~
= direct y RAA, 0-5%
O: ‘ | ‘ | | | ‘ | ‘ | | | ‘ | | | ‘ | | | ‘ | | | ‘ | | | ‘ | | | ‘ |
0 2 4 6 8 10 12 14 16 18 20
p_ (GeV/c)

o

PHENIX, Phys. Rev. Lett.109:152302,2012



Prompt Photons at LHC

e isolated photons for pt > 20 GeV

In pp and Pb—Pb

* needs significant correction for

underlying event in Pb—Pb

e agreement with NLO pQCD

* Nconl scaling for Pb—Pb

* NO strong nuclear effects

expected

e large pr implies large

Bjorken-x

L ~

2p

£ - 001

/3

ATLAS, arXiv 1209.4910
T T ‘ T T T T

[o)) 1 07 LAS Preliminary
- Pb+Pbys, = 2.76 TeV
=133 ub”

Y
o
[3,]

Y
o
w

(1N, )dN /dp_ /(T,,) [pb/GeV]

10

107
1 0-3 L L 1 ‘ L
0 100 200

CMS, Physics Letters B, 710 (2012) 256-277
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Thermal Photons at RHIC

e for thermal photons: lower pr
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Thermal Photons at RHIC

e gdvanced measurements from
PHENIX combining: o'h —— Neonscaled ppfit
@
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Thermal Photons at RH\C

e direct photons in Au—Au for
different centralities

e compared to scaled pp-fit

e guestion to theory: how well
understood Is low-pT non-
thermal production?

e scaling assumption can be
used to extract direct photon
excess: thermal photons
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Thermal Photons at RHIC
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Thermal Photon Flow at RHIC

e extraction of elliptic tflow

5%
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Thermal Photcm Flow at RHIC
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* new results: contirm significant elliptic flow vz for direct photons
* alSO vz component

e difficult to describe theoretically
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Thermal Photon Puzzle”

R. Rapp, H.van Hees, M. He, arXiv 1408. 0612
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theore!

nigh p

ical challenges:

noton rates with relatively

small (constant?) slope

* large anisotropy

e favours late photon emission

* Droposed:

e “Dseudocritical enhancement™?

* maximum photon emission near
transition

e enhanced hadronic rates

e baryonic contribution
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From RHIC tO LHC

e expect higher temperature at m_ 200GeV
LHC: higher thermal photon yield PHEND, anv 14053540

1.6 |

1.4}

* but: o i {ﬂ%ﬂ%}# ++ %

» background yield increases N !
more strongly - - )

e flatter hadron spectra lead to 1 2[G V3/ ] .
larger decay photon DT LSS
contribution at same pr s r | | E

. i | | Direct photon double ratio i

e smaller 5/B, larger systematic T o el ) E
e r ro rS 14 :_ - thermal (Holopainen et al., Phys.Rev. C84 (2011) 064903) _:

e current direct photon e E
measurement i
less significant at LHC vl E
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Thermal Photons at LHC

ALICE, QM2014

e preliminary results for direct  _ oo
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Thermal Photons: RHIC vs LHC

e direct yield comparison:
significantly larger photon o
. Al
yield at LHC 10" F &N ALICE PoPD 0-40%

. . (|\l 1071} ¢ preliminary
o attention: different = e ‘
centralities ;
v 1073 "
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e consistent with larger slope

e |ooking forward to improved =
systematics and higher

f
|

2n pr dpydy
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. BE _gf P
 hadronic contribution it @
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Signals of Saturation?

e interpretation of hadronic observables remains inconclusive

e final state modifications in p—A collisions?

e production process not fully understood for many hadrons

e Kinematic relation to Bjorken-x uncertain (e.qg. fragmentation)

e cleaner observables: EM probes (direct photons, Drell-Yan)

e no final state interaction

0.2
0.18
0.16

e well-understood production process

* well-defined kinematics 014 |

0.12 r

o

/

e advantage of direct photons:

do?

d(log(x2))

e forward p—A measurement of DY likely "*{
not possible with expected luminosity

1.7

NLO pQCD calculations with shadowing (EPS09)
Helenius, Eskola, Paukkunen, arXiv:1406.1689
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http://arxiv.org/abs/arXiv:1406.1689
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Benchmark Measurement:
NPDF/DGLAP vs CGC

£ Direct Photons n=4 77 — 4

0 p+Pb Vs=8.8 TeV

I . — —

P et .

_t—.—t

e JETPHOX with EPS09 at NLO, R, = 0.4

. CGC (A. Rezaeian)

-illlillllllllllllllllllllllllllllllllllll

2 3 4 5 6 9 10
p. (GeV/c)

e strong suppression in direct y Rpa

two scenarios for forward y
production in p-A at LHC:

e normal nuclear effects
linear evolution, shadowing

e saturation/CGC
running coupling BK evolution

e signals expected at forward 1, low-intermediate pr

e transition expected - where”
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FoCal Upgrade in ALICE

electromagnetic calorimeter for vy
and t¥ measurement

Focalt | + hadronic calorimeter for

\ ﬁ L isolation and jet measurement
: T =E

%%‘“ W - & . .
e , baseline scenario:
— —— at z = 7/m (outside magnet)
n : SHEITH ol < 151 6
11

e | discussed for possible installation
---- in LS3 (=2024)

e main challenge: separate y/ntV at high energy

* need small Moliere radius, high-granularity read-out

e Si-W calorimeter, granularity = 1mm?
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Direct vy Performance in pp

>
:Ge_e - pp Vs =14 TeV ALICE simulation - c
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direct photon/all > 0.1 20-40% uncertainty
for pt > 4 GeV/c at ptr = 4 GeV/c

decreases with increasing pr
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Performance on Rppp

S F . . i
x [\Sy =8-8TeV ALICE simulation ]
oql 40< n<5.0 FoCal upgrade
- Statistical
[ systematic (PYTHIA)
0.6 I systematic (JETPHOX) —
0.4 -
0.2
0- | | | | | | | | I | | | | | | | | I | | | | | | | | I | | | | | | | | ]
0 5 10 15 20

P (GeV/c)

- expect significant constraint on direct photon Rppb

- confirm or refute CGC effects, constrain nPDF
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Conclusions

e High pt prompt photons well described by pQCD.

e Uncertainties at low pr7
e Important for thermal photons
* Low pr photon photon excess observed.
e Very prominent at RHIC with high yield and strong vo.
e Challenge for theory!

e Preliminary results from LHC consistent.
e | ooking forward to improvements to come ...

e Future challenge: Forward direct photons as a signal of saturation.

e Crucial measurement possible through proposed ALICE
upgrade.
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Prompt Photons Overview

24
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PHENIX, Phys. Rev.Lett.104:132301,2010
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FoCal Strawman Design

1 mm
-

Transverse segmentation

LG cells

-

studied in performance
tasle e SnllEiens:

24 layers:

W (3.5mm = 1 Xo) +
Longitudinal segmentation SI—SenSOFS (2 ’[ypeS)

0 1 2 3 4 5 e [ow granularity (= 1 cm?),

5 = ” 3 - > L.

Si-pads
* high granularity (= 1 mma2),
obtained with pixels
(e.g. CMOS-MAPS)
\ absorber ‘ LG layer ‘\
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L ow Granularity Measurement

S Lppls=14Tev ALICE simulation { € 4.0 TeV
2 3.0<1n<4.0 FoCal upgrade S1.4 0 Statistical -
o 1F — o -
ch E Low Granularity § § - Systematic (PYTHIA)
>-6 i ] E 12 - Systematic (JETPHOX) |
; - = ]
] '*__-_-i—-#- S T [
10 - | — &=
§A—~A— T :$7 + g 1
_A__ _ -
: B :EQZZEZ_ — —\— T + : _
e + : ALICE simulation -
10° N +—+— 4= 0.8 FoCal Upgrade ~
E._-'-—o— - = dec rej + iso E -0.08 Eff. err.=0.05
: Riso=0.4’ pT,iso <1.0 GeV (EM) é :iSeO(iartelg)gM-l-SS) : 06 Decay err_.=0.1
p.. < 3.0 GeV (Had) e no selection Frag. err.=0.2
3 ’ PR SR R I R TR T RN N TR R B
L e —T" 10 20 30 40
p_(GeV) p_ (GeV/c)
e |[ow granularity (1cm?2) does not significant measurement not
allow efficient decay rejection possible at low pr
e direct photon/all = 0.1
for all pr NB: conditions similar to LHCb
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