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High pr (> 4 GeV/c) direct photons at RHIC
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Direct photon Raa = 1 in central Au+Au at RHIC confirms Tag scaling
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Reminder: Tag scaling of high-pr direct photons is a cornerstone of the
parton energy loss interpretation of hadron suppression
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Tas Scaling confirmed at the LHC with Z, W, and Direct Photons
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http://dx.doi.org/10.1016/j.nuclphysa.2014.02.016
http://arxiv.org/abs/arXiv:1201.3093
http://cdsweb.cern.ch/record/1485517/files/ATL-PHYS-PROC-2012-226.pdf
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Motivation for low pr direct photons:"
Thermal photons from the quark-gluon plasma (1/2)
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Motivation for low pr direct photons:!
Thermal photons from the quark-gluon plasma (2/2)

" W*T7&'8,[-#3% & p2,-98,0, &'E, 00 AT &S, 6%/ -4 %

" QAH&EY-4'%'8,/-#SW&<E 4T 500&5:<."8, &'E " 19076, Y%4#, . E# #=""<.'8,
058%"<7586,%4#,4*7&'8,6*/,-4*/#9

" gA#H&E* -4'%'8/ E#*I<&HEH#8%,U,E'7#"586,";,/-*$H(.EH#,#=""<."8,
04Q7&'7Q8*ES5$¥8585.*" NAN, Y%H#HE-#&*Yo<&#

X1, %45/,*,=*"57,"58#,";,&#*/'8586(

May 18, 2014 | Electromagnetic Probes: Recent Developments | Klaus Reygers L\



Direct photons in heavy-ion collisions: Experimental methods
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Low-pr Direct Photon Spectra at RHIC (PHENIX, virtual photon method)
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How to interpret the slope parameter Tsiope ?
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The direct-photon flow puzzle:!

Surprisingly large direct-photon v, measured by PHENIX
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Direct-photon v, not reproduced by hydrodynamic calculations
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http://prc.aps.org/abstract/PRC/v77/i2/e024909

Photon excess R, confirmed with real photons ! M.i*8854#82. I\L@
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https://indico.gsi.de/getFile.py/access?contribId=1&resId=0&materialId=slides&confId=2662
https://indico.gsi.de/getFile.py/access?contribId=1&resId=0&materialId=slides&confId=2662

Direct-photon v; at RHIC also confirmed with real photons
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Low-pr direct-photon excess at the LHC (ALICE, external conversions)
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Low-pr Direct photon spectrum at the LHC (ALICE, external conversions)

—~ 10T | — | — T | — | — | —
T F | | | | I E
> 10k 0 — —
3 10 0-40% Pb-Pb, s = 2.76 TeV -
|3 10 ALICE
o | & ) PRELIMINARY
oo 4 —e— Direct photons
% —— Direct photon NLO for u =0.5t0 2.0 P, (scaled pp)
== 10" . Exponential fit: A" exp(-p_/T), T = 304 = 51°7% Mev
(Q\
10 e
10°
107
10°
10°=
10_7;_| T
0 2

" H5&#3%(-4'%'8,/-#P%&<E,7#/$&5:#7,.Q,-nYH,-4'%'B/ Wa@ ,A#BC

© S 1, 758H$%,-4'%'8,-H#SWE<E, "%, %4, SWY "' TH#IS&5:#7 :Q,*8 #D-'8#
",P,OK\@,s,M*VQ/d#B

May 18, 2014 | Electromagnetic Probes: Recent Developments | Klaus Reygers L]



Direct-photon flow at the LHC:!
Inclusive and Decay Photon v;
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Large Direct-Photon Elliptic Flow also at the LHC
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The effect of Doppler blueshift on the fitted Tsope
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Comparison to theory at the LHC: Direct-photon spectrum ...
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Recap: The direct-photon puzzle
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Towards a solution of the direct-photon puzzle (1/4): !
Improved hydro calculations
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Towards a solution of the direct-photon puzzle (2/4): !
Tweak space-time evolution and HG rates

"ar/%#&,.<5"7,<-";,G"),SE-"#E#8%# 7,58

[SAHE*S, &#: X" E'T#",

# 8#*&"Q,;<"3,7%,%4# #8/7,";, %4+,

ESD#7,-4*[#

" >*&6H&,WA,-4'%'8,8&*%H,58$"<7586, 10° |

$'8%8&5:<.'8,:&'E, *&Q'8/,*87 )
*8 (:*&Q'8/ |

" NYI5:"Q,"*&6#&,-4'%'8,&* Yot/ ,58,%4#, 02|

%&*8/5.'8,&#65'8,%"/#,%6;)

0/%<75#7,)5%4,57#*",4Q7&' $*"$M9>

V*--2 =+8 WHH/2,,
*&[5=eLL\MILKIZ5=eL @\@MJj@S

10° ¢
' 10t |

g AN/’ (GeV?)
H
(@)

0.25

0.15 |

0.05 f

\\O -20% Au-Au, |y|<0.351adron gas———-

0.1

May 18, 2014 | Electromagnetic Probes: Recent Developments | Klaus Reygers

\ QGP —-—
TN primordial -- -- |
SRR total

) N PHENIX
\\\\.\r’i 5

SIONE

N =S ]

\?"\ B~ ~

SeON.

~N ~ .

S ~\~
.................. Soe oo
1 2 3 4 5

ot (GeV)

' PHENIX dir! (BBC) 6« :
" total :
total (pQCD pr|m ) ]

: thermal! o - :
lattice E0S S .
//H - L { + _
P | H :
< H I _
1 2 3 4 5

ot (GeV)

Jc



Towards a solution of the direct-photon puzzle (3/4):!
Large contribution from hadron-hadron bremsstrahlung
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Towards a solution of the direct-photon puzzle (4/4):!
Further ideas
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Dileptons: Motivation

" >5+H#,-4'%'8[2,8H#6"565:"#, 8" [%*Yott, 58YHE*S.'8,4*7&/8,6*]

" F#*&$4,'& 58(E#75<E,E'75 $*.'8/,", =#$%'&, ! )
E#/'8/,0 + 44?,L,A#B9 \ P
# .. $*8,7#$*Q,58,%4#,EHTH<E, / v
07 2-4<<R, LMK, :EQ,E#75<E,"5:#%5E#9, T ot

i I&*THE586,": Yo4#, 58, %4 EHT5E2,
&#" '8, %' $45&*" IQEEH#%&Q,&H#/%'&*.'80),

" g4#&E*",&*75*.'8,,&'E,%4#%,nAN,*87 ,*$$#//, %',
#*&"Q, YoHE-#E& Y <€#MO L ,A#B9, q

" Y'8/%&*58/,/-*$#(.EH#,#=""<."8

|<*&+(6"<'8,-"*/E*
o-

i e’

May 18, 2014 | Electromagnetic Probes: Recent Developments | Klaus Reygers KL



Low mass dielectron excess in Au+Au collisions at RHIC:!
Disagreement between STAR and PHENIX remains to be solved
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Dielectron mr spectrum in the mass range of the excess (PHENIX)
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QGP temperature via dimuons at SPS energies? <&M,N4Q/M,zM, Y, SL,03W]9,cL
1<&M,N4Q/M,zM,Y ,*],0J\\]9,S\c

OHE-#&*%<&#,=5*, 75E<'8,E*//,/-#3$%&<Ee F"-#,,,715E<'8, $ - [-#3%&Fe
<8*_#$%#7,:Q,&*75*",G') W*?&'8,6*/’U’G')’;'&’+ 1?1L1A#821
8'8(G")586,-*8%'85$,/'<&$#,;'&, ,w,L,A#Bq,

< 350

| | | |

NAGO In-In

| dN./dn>30 - |
I n + ¥ LMR

| ............................... lLMR,W/ODY .......... -
’ 0 IMR, W/;O DY |

In-In dN_/dn>30 déimuons

v excess dimuons

» Renk/Ruppert

* Hees/Rapp ; NI
« Dusling/Zahed 250 S— " hadrons (r, 1.9, . 0) [

T_. (MeV

200"

wl o fo T
! 1P1\]\A,S,L\J,d#B 5 5 : ;

1?5 2 2?5
M (GeV)

10-'1{}lll]lll.]]J]lI.IIJI.I.IJJJlr.['J 100
0 0.5 1 1.5 2 2.5 0

M (GeV)

dN/dM o« M3/2 x exp(—M/T) "y R,I\,d#B,;'&, + ,w,L,A#B,$'8/5/%#8%,
&+ ,w,L,A#B )5%4,/"-#," E*I |-#$%&<E,,

May 18, 2014 | Electromagnetic Probes: Recent Developments | Klaus Reygers K@



Mass dependence of dilepton v, as a probe !
of the time evolution time evolution of flow
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Conclusions

" "1q,/$%"586,58,4#*=0Q(5'8,%$""'5/5'8/,*%,VWXY ,*87,%4#,>WY,$'8 &E#7,)5%4,
1,*87,3,:'/'8/,*87,4564( !, 75&#%%,-4'%'8/,

" H5&#$%(-4'%'8,G"),-<II"#,*%,VWXY,0%87,%4#,>W P, 4 BC

" >*&6#, T5&H$Y(-4'%B[5ES"*&,58,E*685%<T#,%';:5'8,

" H5&#$%(-4'%'8,/-H#$%&* 58T % " &#-&'T<$H#T,:Q,/%*87*&7 ,4Q78&' $*"$<"*.'8/

| >*&6H  <B6H%], YA %, YoAH&E" -4'%'S E'1%"Q,$'EH, & E,%A#, Yot 4*T&'S,6
4*[#,

YR 5804 |<#].'8,)AHY0AHE, YoAHRE" -A'%'S] $*8,#, <IHT %' THYHEESSH, Yol#,!
NAN, YoHE-#&*%<&H#,

" ZHHT %', 64#%,*,35'8/5/%#8%,-53%<&#,58%"<7586,75"#-%'8, 7*%*

>H0/,[##,4"),%4#,/*6*,$'8.8<#/,

May 18, 2014 | Electromagnetic Probes: Recent Developments | Klaus Reygers KS



