Low-mass dileptons:
A thermometer for the hottest
stuff In the universe

— Torsten Dahms -
Excellence Cluster “Universe” - TU Munchen

53" International Winter Meeting on
Nuclear Physics in Bormio
January 30, 2015

TUTI

Technische Universitat Munchen

¥ [
@
+
LMU
Excellence Cluster
Universe




Properties of the QGP

What is its temperature?

» measure thermal photons

Does it restore chiral symmetry?

» modification of the vector mesons

How does it affect heavy quarks?

» modification of the intermediate
mass region

All these questions can be
answered by measuring dileptons
(e*e™ or ptu)
» no strong final state interactions:
* |eave collision system unperturbed

* emitted at all stages: need to
disentangle contributions
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Properties of the QGP

 What is its temperature?
» measure thermal photons minimum bias Au+Au @\'s = 200 GeV

‘Possible modifications irs :

i Chiral symmetry restoration
e continuum enhancement -

* Does it restore chiral symmetry?

» modification of the vector mesons

dN/dm, dy [c*/GeV]

10 Al @ Modification of open charm
* How does it affect heavy quarks? Ll i1 Thermal radiation
__ . . 10”5\l i Exotic bound states
» modification of the intermediate ANt | | | | -
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* All these questions can be Quarkoma;

answered by measuring dileptons  19° L4}
(e*e™ or prur)
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» no strong final state interactions: 0 05 1 15 2 25 3 3.5 4
J (11 [GeVIc]

* |eave collision system unperturbed

* emitted at all stages: need to
disentangle contributions
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Dilepton Signals: p
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Dilepton Signals: pt vs. mass

* Low Mass Region: mee < 1.2 GeV/c?

» Dalitz decays of pseudo-scalar mesons
» Direct decays of vector mesons

» In-medium decay of p mesons in the hadronic gas
phase

Mee (GeV/c? )
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Dilepton Signals: pt vs. mass

* Low Mass Region: mee < 1.2 GeV/c?

» Dalitz decays of pseudo-scalar mesons

» Direct decays of vector mesons
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» In-medium decay of p mesons in the hadronic gas
phase
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* LMR: mee < 1.2 GeV/c?

» LMR | (p1 » Mee)
quasi-real virtual photon region. Low mass
pairs produced by higher order QED
correction to the real photon emission

» LMR Il (pr <1 GeV)
Enhancement of dileptons discovered at
SPS (CERES, NA60)
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Dilepton Signals: pt vs. mass

* Low Mass Region: mee < 1.2 GeV/c?
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. - 10” » Direct decays of vector mesons
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» LMR | (p1 » Mee)
quasi-real virtual photon region. Low mass
pairs produced by higher order QED
correction to the real photon emission

» LMR Il (pr <1 GeV)
Enhancement of dileptons discovered at
SPS (CERES, NA60)



T

pe (GeVic)

Dilepton Signals: prt vs. mass

* Low Mass Region: mee < 1.2 GeV/c?
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Combinatorial and Correlated Background

* Same-sign spectrum contains all
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Combinatorial and Correlated Background

* Same-sign spectrum contains all
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Combinatorial and Correlated Background

* Same-sign spectrum contains all

background sources

» need to corrected for different acceptance z

p+p s = 200 GeV
o all like sign pairs(N_)
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Combinatorial and Correlated Background

* Same-sign spectrum contains all

background sources

» need to corrected for different acceptance z
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Combinatorial and Correlated Background

* Same-sign spectrum contains all

background sources

» need to corrected for different acceptance z
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Combinatorial and Correlated Background

* Same-sign spectrum contains all
background sources

» need to corrected for different acceptance
(acceptance difference from mixed events)

» statistics limited (stat. error increases x.,/2)

* Combinatorial Background from mixed
events normalized to 2,/N..N_-

» statistics only limited by memory

(a) p+p s = 200 GeV
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Combinatorial and Correlated Background

* Same-sign spectrum contains all
background sources

» need to corrected for different acceptance
(acceptance difference from mixed events)

» statistics limited (stat. error increases x.,/2)

* Combinatorial Background from mixed
events normalized to 2,/N..N_-

» statistics only limited by memory

* Correlated Background
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Combinatorial and Correlated Background

* Same-sign spectrum contains all
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Combinatorial and Correlated Background

* Same-sign spectrum contains all

background sources p+p \IS = 200 GeV

o all like sign pairs(N_)

» need to corrected for different acceptance
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Combinatorial and Correlated Background

* Same-sign spectrum contains all
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PHENIX p+p at /s = 200 GeV

PHENIX, PLB 670 (2009) 313
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PHENIX p+p at /s = 200 GeV

PHENIX, PLB 670 (2009) 313
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PHENIX p+p at /s = 200 GeV

PHENIX, PLB 670 (2009) 313
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PHENX  d+Au at /sy = 200 GeV

e Data consistent with cocktall
PHENIX, PRC 91 (2015) 014907

» No significant cold nuclear matter effects
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PHIENX  d+Au at /sy = 200 GeV

e Data consistent with cocktall
PHENIX, PRC 91 (2015) 014907

» No significant cold nuclear matter effects
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» No significant cold nuclear matter effects
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PHXENIX  Open Charm Correlations  #
d S
* Electron-muon correlations //’
» Direct access to cc and bb -

DO
» No contribution from hadron decays
_C

K- &\A%’C

—_ D
44'
e’ g =~ 0.7}f10-‘:3 ' | ' ! ! | ' ' ' | ]
Ve o 065— e*: p_>0.5 GeV/c, hi<0.5 \Syy = 200 GeV -
i " we:p>1 GeVic, 1.4<n<2.1 i -
e Current measurement with § 050  oN_>scaled pap N1 -
rapidity gap 04« e i H :
- Needs modelling to relate to  Z 0.3 . H‘] U % *
midrapidity dielectron results % 0.2 oH - _H H : H %
O O
01: %} H] - E| H O
Ll |
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PHENIX  Au+Au at . /syn = 200 GeV

* Low Mass Region:

PHENIX, PRC 81 (2010) 034911
enhancement 150 < mee < 750 MeV/c?

.

10-1 = - . _
» 4.7 + 0.4(stat) + 1.5(syst) + 0.9(model) E Min. bias Au+Au \/sy, = 200 GeV
N - * DATA ] =° — yee Jy — ee
. . O .28 ly[<035 === n— yee y'—ee
* Intermediate Mass Region: 2 R lozcevie—ovee T - ee (PYTHIA)
. NN E E T p—ee - SEm
dominated by charm (Ncoll X Occ ) § - Ii e o eetntee ;%ﬁ ee (:';13:::: correlation)
NN = il % XN o¢—eednee DY:iee((PYTHIA?)
» Input: docc™"/dy= 123+12+37pb A RN
Woqo it Y
L LT Sl N
» PYTHIA N /\1\ 4
— T ~~~~~
— . > 5 ;:7»’ " N
» Random cc¢ correlation 8" B N

* Single electron measurement:
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» Charm flows - oo
* Expected modifications in the pair ¢
Invariant mass 5

» random cc correlation?

e Room for thermal contribution?
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PH-“ENIX Centrality Dependence
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PH-“ENIX Centrality Dependence
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PHENIX ACCEPTANCE
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PHENIX, PRC 81 (2010) 034911

Au+Au \[s, =200 GeV
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Waiting for HBD results?!
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Yield/ Ny, x 10°

o

o

N
!

AR

e STAR observes smaller

enhancement than PHENIX

» In better agreement with models that
involve broadening of p spectral
function

» Caveat: 1.4x larger charm cross
sections used in cocktail:
do/dy= 171+26 ub

» Slower increase with centrality:
YieId/Npart - NpartO.54iO.18

x10
[ | | | a | | | | |
() - b x Npart
+ (A) - cocktail —

. T =x (B)and (C)

,.’ | | | | | | | | |
0 100 500 300 200
part

10

dN/dM,, (c*/GeV)

Ratio to Cocktail

0.01

dN/dM,, (c¥/GeV)

o

A: p-like (0.3-0.76 GeV/c?)

STAR, PRL 113 (2014) 022301 B: w-like (0.76-0.8 GeV/c?)

C: d-like (0.98-1.05 GeV/c?)

Au + Au \sy, =200 GeV (MinBias)

B p$>0.2 GeV/ic m°, ¢, Jy, v’
mel<1.ly <1 -~ m,7, o, bb, DY
[ — — cCc PYTHIA B

—— Cocktail Sum

’ ‘_\/_‘f_____ e
| /// / ST AR
AR | =
| ! | | l | l | l

— (b) —— Rapp: broadened p +QGP

— L - PHSD:+broadened p +QGP —
| | | | |
0 1 2 3 4
Mee (GeV/c?)

! ! 2 | |
~ (c) Data - Cocktail |, ~-Rapp:vacuump+QGP -
,~“' ' — Rapp: broadened p +QGP

,f'—" > ":\ ---- PHSD: broadened p +QGP

10


http://inspirehep.net/record/1275614

e STAR measured low mass

LMR Excess Yield / dN/dy],. (x 107)

dileptons at five different \/snn

» No strong energy dependence of
enhancement

» total baryon density comparable at
20 and 200 GeV

* increases only at even lower ,/snn

52.8 57.6 60.8 77.2 dN/dy|, 105
4.5 T I I I I I I I I I
BES-II extrapolation
4T . e model expectation at BES-II
35 "‘o. @ data i
%,
0“’
3 _ ”‘0 i
0"
25 | ."o‘ |
0’.
%,
2 r ’.‘0 i
15 *—
1
LMR: 0.30 < M, < 0.70 GeV/c?
05 + 200 GeV: PRL 113 022301
BES: STAR Preliminary
0 | | | | | | | | | |
7 10 20 40 60 100 200

Vs (GeV)

STAR, PRL 113 (2014) 022301
STAR (Preliminary)

ap Low Mass Dileptons: BES

0

- e'ey - o—e’e’(m) °

~ noe'ey Cocktail w/o p @ 27 GeV x0.03
~ ¢c—DIA >e’e” -~ QGP © 39 GeVx2
N oe'ey - in-Medium ® 62.4 GeVx25
~ o—e'e(n) Cocktail + Model © 200 GeV x 200

19.6 GeV x 0.002]

. -’
~ -
“““““““

Mooy, 5 & 200 GeV: PRL 113 022301

~
~
......

8 BES: STAR Preliminary

0.5

1 1.5 2 2.5 3
dielectron invariant mass, M (GeV/c?)
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ﬁAR Low Mass Dilevptonls: BES

T T I T
Dielectron excess

* Enhancement compared at 19.6 g 10 —e— Au+Au 19.6 GeV 0-80%
—+— Au+Au 200 GeV 0-80%
and 200 GeV 8 10° R —e— In+In 17.3 GeV dN_/dn>30
» Fully acceptance corrected _g 107 HG+QGP
e Spectrum at low energy Z"10°
consistent with NAGO result ;,i 10°
©
* In contrast to NAGO 2107
. Z
» did not separate prompt from non- % 10"
prompt charm decay experimentally
» subtracted charm and Drell-Yan with . ssxt0® .
= ] &
PYTHIA 5 50F  —4— Au+Au 200 GeV 0-80% 1., E
. . . Z% 455_ —- Au+Au 200 %e\(/ E 18;.:/
* Indication of energy and centrality 35 |, e ey 116
dependence of low mass > a5k + 1143
enhancement Z 30F q12~=
» very similar total baryon densit 25 e 310
y y y 20F R — Th. lifetime 17.3 GeV -
: : e s 11— —— Th. lifetime 19.6 GeV 8
» sign of longer medium lifetime 15F + - -~ Th.fetime 200 GeV. 3
10F 0.4<M <0.75 GeV/c 2 ]
5E 1 1 ] 1 1 1 ] 1 1 1 ] 1 1 1 | I — 4
0 200 400 600 800 12

STAR, arXiv:1501.05341 dN_ /dy
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Azimuthal Anisotropy

b; 1 | | | | | |

A 1° 0.1} % measured(e‘e’) = simulation(e*e’) 1
0.2 F i 2 T+ .
-W*&ﬁ-$a.$ 1l _—-%-.'0\“ i ’--’—."--\..'

0 e 2 ok + ’llt e
M,.<0.14 GeV/c? 0.14<M_,<0.3 GeV/c? 0.5<M_.<0.7 GeV/c?

0 2 1 6 0.5 1 13 T35 05 1 15 23

pT(GeV/c)

>N dl) T T T T e)| | T T | f)l T T T ¥ T
05 -+ + i

0.76<M_.<0.8 GeV/c* 0.98<M_,<1.06 GeV/c? 1.1<M_,<2.9 GeV/c*
0.5 1 15 2 25 05 1 15 T35 05 1 i3 '

STAR, arXiv:1402.1791
(submitted to PRC)

 Dielectron v2 consistent with cocktall

e More data needed to extract v of
low mass enhancement


http://inspirehep.net/record/1280745

* Any source of real y can emit y* with very low mass

* If the Q? (= m?) of virtual photon is sufficiently small, the source strength
should be the same

* The ratio of real photon and quasi-real photon can be calculated by QED

= Real photon yield can be measured from virtual photon yield, which e’
IS observed as low mass e*e~ pairs 9 e
d* N 20x 4m? 2m? 1
Kroll-Wada equation: - — ——=11 = S
1 dM,.dN, _ 37 M2, ( i M€2€> M., ]
10° — e Case of Hadrons: ;
| 2 M?

102 = n Dalitz S — ‘F M2 1 L ee

E direct y internal conversion ( 66) ( M}%adron >

10
» obviously S = 0 at Mee > Mhadron

1 e Case of y™:

» if pT° » Mee?: S = 1

10"

I IIIIIIIl I IIIIIlIl I IIIIIll|

102

I IIIIII|

* Possible to separate hadron decay

Y NI D IR T S H W components from real signal in the

0 0.1 0.2 0.3 04 0.5 0.6 . 14
M,, (GeV) proper mass window




Fitting the direct y* fraction

* r = direct y*/inclusive y*
determined by fitting the following function for each pr bin

fdata(Mee) — (1 — T) . fcocktail(Mee) + - fdirect(Mee)

[ '1: P ) ' _ .
§1o = AuwrAu (Min. Bias) 1.0<p <15 GeVic fdirect given by Kroll-Wada formula with
§. B cocktail components fair(m_) S = 1
§ 2 T f‘:(n“ee) . \
<" E o — anfm et m) | e foockiail given by cocktail components
T [ KXo == r=0.189+0.0213 ,
Y N v2INDF = 12.2/6 * Normalized to data for m < 30 MeV/c?
%«104:—* _
£ F e Fitin 120-300 MeV/c?
2 L (insensitive to ¥ yield)

10° ¢ Ssoh o e

0 T s e e e e 61 v4e 65 * Assuming direct y* mass shape:

m,..- (GeV/c)

¥2/NDF = 12.2/6

PHENIX, PRL 104 (2010) 132301
PHENIX, PRC 81 (2010) 034911
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TN
PH-<ENIX

* Direct photon measurements

» real (pr > 4GeV)

» virtual (1 < pt <4 GeV &
Mee < 300 MeV)

* p+p: good agreement with NLO
pQCD down to ptr =1 GeV/c

* Au+Au = pQCD + exponential
» Tave = 221 + 19 (stat) = 19 (syst) MeV

* In agreement with hydrodynamic
models:

» Assume formation of a hot QGP with:

300 MeV < Tinit < 600 MeV
0.6 fm/c < 10 < 0.15 fm/c

PHENIX, PRL 104 (2010) 132301
PHENIX, PRC 81 (2010) 034911

Thermal Photons

~10*
o 4 4 AuAu Min. Bias x10°
N G
8 10 = © *  AuAu 0-20% x10?
2 102 ;E 0w AuAu 20-40% x10
= = .
- — " b - p+p
“a 10 E
% L o O R o Turbide et al. PRC69
™
< 155
wi z
L ‘\
o 10-1 2
@ -
102
> =
TR
Q10°F

w10
10° B
_7 I | I T I | | | I . | | | T D I | | | I I | | | I .| l ‘l ‘l~ :.-
1077 2 3 4 5 6 7
P, (GeVic)

‘well above the critical temperature o’f 170 MeV
'predicted by lattice QCD
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TN .
PH3<ENIX [nternal vs. External Conversions

* |dentify real photons via conversion pairs

min. bias Au+Au\[s_ = 200 GeV

* Tag photons from m°® decays

e all pairs

a
o, 5

—photon conversions

counts (arb. units)

5!
TT

o all pairs - photon conversions

» look for an em. shower in the calorimeter

and reconstruct yy mass 10
» conversion probability cancels : bty
102.5—
PN T T T T T T T T I T T I T T I T Y O MO
0 0.1 02 03 04 05 0.6 0.7
M, (GeVic?)

PHENIX, arXiv:1405.3940
(submitted to PRC)
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N .
PH3<ENIX [nternal vs. External Conversions

. . . . 10! ! _— C(I)H—scalclid pp fit | _

* |dentify real photons via conversion pairs ol " pp fi :
2 J Au+Au, min. bias E

0 - it 2 $  PRL 104, 132301 (2010) |

* Tag photons from 1* decays N T PRLOE Dixon 2010)
, , ~_ 1072k ¥ PRD 86,072008 (2012) -

» look for an em. shower in the calorimeter % . F PRL 109, 152302 (2012) |
and reconstruct yy mass <) 10_43 4 PRL104,132301 (2010) |

» conversion probability cancels =[5 105

o X 3 3

. . o —6[ i

* Matches result of internal conversions & 10 | ;
8 1077} :

» validates internal conversion method and 10-8| - ]
extrapolation to m = 0 1o Vi =200GeV s

0 2 4 6 8 10 12 14
pr |GeV/c]

PHENIX, arXiv:1405.3940
(submitted to PRC)
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N .
PH3<ENIX [nternal vs. External Conversions

HH FeH F<H HEH HoH HOH |

< ]
/s = 200GeV e

- pp fit

con-scaled pp fit

Au+Au, min. bias ;
PRL 104, 132301 (2010) |
PRL 98, 012002 (2010)
PRD 86, 072008 (2012) 1
PRL 109, 152302 (2012) -
PRL 104, 132301 (2010)

d
| ﬂ

: : : : 10'f
|dentify real photons via conversion pairs ol
- @
a @
* Tag photons from 1t° decays o0t %_.
Q 2t
: . ~ 1077k
» look for an em. shower in the calorimeter "SR y
and reconstruct yy mass <} 10_4§ ]
» conversion probability cancels =[5 105
o X [
. . o —6[
Matches result of internal conversions & 10 i
K 1077}
» validates internal conversion method and 10-81
extrapolationtom =0 oo VINT
: 0 2 4
Excess scales with ~Npart '~
» not an artefact of low pr points s
I S
T
10} = :,r‘/ -
% R
ste 10! % %D
PHENIX, arXiv:1405.3940 )
(submitted to PRC) o Poprmanele 1 e e
8 pr>06GeV/c ¢ pr>12GeV/c
b pr>08GeV/c ¢ pr>14GeV/c

107
N, part

6

8§ 10 12 14

7 GeV/c]
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PH-<ENIX Thermal Photon vo

BBC

0.25 - o TP, ) @) | F . BBC (b)

* Elliptic flow of direct photons at "

E— = e V2(<I>EBC7 _

low pr similar to m°® flow 015}
0.1F

» direct photons emitted from the late 0.05]
stage of

_0.053_ Min. Bias

» hard to combine with large rates

which suggest early emission from
the hot phase

0.25 - (c) E e 0.6 fm/c (d)
0.2 - 0.4 fm/c

0.15F -
0.1f E

0.05[

TEO, Yinc., ,Ydir. V2

-0.05F

025 @ | ("
02 B

0.15F
0.1F

0.05[

PHENIX, PRL 109 (2012) 122302 -o.osg— 20~40 [%] _
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’v

PH><ENIX
0-20(%) 20-40(%) 40-60(%)
| ir u TN u
o 2F 1 vy 70 v | Au+Au  pHTENIX | r
> [ E.P.: RxN(I+O) ' 200GeV preliminary | )
0.1- i i E n . B
I HﬁHH¥ @ﬁg ﬁ Hi%%o "
o ¢ U
0 — H — ] L J| i
oL R R N T R N . | -
0 4 0 2 4 4
pT(GeV/c) pT(GeV/c) pT(GeV/c)

* Direct photons show also a v similar to m°

* Expect direct photon vs from fluctuations in the initial geometry

» viscosity should reduce v3

19



ALICE

Thermal photons ¢

y

» ALICE measured real photons via 2
conversion pairs &,

Observed excess above hadron decays
However: needs comparison to pp!
» crucial for the quantifying enhancement

Large background from m° decays

» Can be avoided by measuring virtual y

* Large uncertainty due to material budget
» Can be avoided by tagging method 'E;
* Similar flow as at RHIC ge

0.15}

0.1

0.05

-0.05

——

5
p. (GeV/c)

at the LHC'?

I I T I I
- 0-40% Pb-Pb, {s = 2.76 TeV ]
25— ALICE ]
B PRELIMINARY L
| —e— Direct photon double ratio ]
5 o— —— NLO prediction: 1 + (Nco"y P o/y decay) ||
~ for u=0.5,1.0,2.0 P, m
15— w
L +++++¢++ X 1
1.0 +
B 1 1 1 l 1 1 1 I 1 1 1 l 1 1 1 l 1 1 1 I 1 1 1 I 1 1 1 l—
0% > 4 6 10 12 14
P, (GeV/c)
103 T | | I | T T T |§
ﬂ% 0-40% Pb-Pb, {syy = 2.76 TeV =
108 ALICE =
— . PRELIMINARY _]
1~ —¢— Direct photons =
= —— Direct photon NLO for u = 0.5,1.0,2.0 p_ (scaled pp) 3
107 — Exponential fit: Ax exp(-p/T), T=304+ 51 MeV =
- . =
102~ %o =
= \ =
107" =
104 =
0k :
10°E .
10'7_€1 1 | | | | [ Lo ‘|';
0 2 4 6 8 10 12 14
P, (Ge\é/



ALICE

* Preliminary measurement of direct
photon fraction in p+p at 7 TeV

» via low mass dielectrons

> observe hlnt of smaII S|gnal
1.3

O
©
c 1.25- ALICE prellmlnary —+— virtual photons (1+r) -
= pp, Vs=7 TeV
(@)
< 1.2 . . o
o conversions (y,_/n)/(y,___ /n°)
o 1.15+ _
=
1.1 B
®
1 05— —— ®
4 1T —0— ———
| B S [ S
0.95
1 | | | | |
O'91 1.5 2 2.5 3 3.5 4
P, (GeV/c)

* Extracted direct photon cross
section consistent with NLO

pQCD

Direct Photons in p+p

ALICE prellmlnary i L
| PP \s=7 TeV +Yd e )
o y"e! (PCM)
. ==
. W)
o — u=0.5 .
e ® u=1.0 7
® — u=2.0 E
. o - 3
95 % C.L. ® e .
| Te e
\ T | i
cly oy I c ey I I BT,
1.5 2 2.5 3 3.5 4
p. (GeV/c)
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Low Mass Dileptons in ALICE

2) D
—
-
O%
m

Jy — ee and J/y — yee

T T T T T T T T T T T T T T T T T T T T T T = 1 — 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 —
Q 10 . cocktail sum . NS — ALICE Preliminary | Coocktall sum with uncertainties E
> | = % T — yee i
0 pp, \s=7 TeV g :eeei\( = 8 o p-PbNSD |5y =502TeV__ .00 i
(\D 13 p_EI’_>02 GeV/e 0 - eey . 58 ps > 0.2 GeVic ® — ee and © — 1’ee =
2 ALICE I°|<0.8 —— g ee &9 ee 3 3 [ mri<os P eeande e :
- PRELIMINARY 0 - > SO

= 0 - eed&wn—een . 3 102 |
b E‘D = Jy - ee & Jly — eey = <’ ————— @ (<N_’>xpp PYTHIAMNR, 5, = 6.9mb) ]
N ] ~ - Pb -

0O O 1 —— cCT—ee (PYTHIA, 85mb) - bb (<N’_,’> x pp PYTHIA MNR, 6_- = 210ub)
) 107 ——T7H (Like-sign subtracted) =

I WQI [T
P
] §III| I i

IIII:cn I IILLJ:!H

E 2 [{l b A e b e e e ey !!!..jf
S 15L I = E
Q T 2F —
o = e B e = = I ——
i iaaessaa i -

S R AL Ay AKE 12 . S
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* Dielectron spectra in p+p and p+Pb consistent with hadron cocktail

* Big uncertainty on open charm cross section



L ow Mass Dileptons in ALICE: Pb+Pb

ALICE

'._:-: :I L | L L | L | L | L | L | T L L I:

0 - ALICE Preliminary
> 10°F =
) - -
9} - Pb—Pb, \ s, =2.76 TeV, 0-10% -
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* S/B ratio of few %o at low pr bin:

S/B
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» accurate combinatorial background evaluation needed

* Focus on virtual photon production

M, (GeV/c?)
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Low Mass Dileptons in ALICE: Future

ALICE
* TPC and ITS upgrades:

» allow high data rates

» reduce charm background with dca cut

* Dedicated low B-field run (B=0.2 T) 2.5%x10° events = “1 year” at 50 kI-
S - PbPb @\s,, =5.5Tev —— Sum _ | 1 3 = PbPb @\[s, = 5.5 Te¥ —— Rapp Sum :
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'CS(D1()'1 pS > 0.2 GeV/c —— ¢C — ee (= 20%) = 'CSm1O'1 n ps>0.2GeV/c §5Et9 meg: ee COth'—:
o I\ 0.0<p, <3.0 —4— 2.5E9 'measured’ 3 o |l 0.0<p <30 L] SYSt. err. bkg. .
= ¢ tee =77 Syst.er. bkg. (+0.25%) ] = [ tee E= Syst. err. ct + cocktail -
T B - T - i
S N
3.l 13, |
107 E 10%= E
. . - R excess Spectrum .
107 | E 10° N\ E
107 \ 10 =
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10-5 caoa v b b b AN | 10-5 Lo e b b by | |
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Summary

* EM probes ideal “penetrating probes” of dense partonic matter created at RHIC
and the LHC

* Double differential measurement of dilepton emission rates can provide

» Temperature of the matter

» Medium modification of EM spectral function

 PHENIX and STAR measured dilepton continuum in p+p, d+Au and Au+Au:

» In p+p and d+Au: good agreement between data and hadronic cocktall

 measured charm and beauty cross section in IMR and HMR
» In Au+Au: low pt and low mass enhancement above hadronic cocktail

 PHENIX data not reproduced by theoretical models

» discrepancy to STAR measurement, which is well explained by models involving p broadening
» In Au+Au: very low-mass enhancement for pr>1 GeV/c

* interpreted as thermal photons with inverse slope of ~220 MeV (initial T = 300—-600 MeV)

 strong elliptic flow in combination with large yields a challenge for theory

* At the LHC:

» first performance studies from ALICE

» need ITS and TPC upgrades for precise measurements (+ low B-field)
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From SPS to RHIC

e 2 scenarios @ SPS profit from high baryon density

» dropping p mass

» broadening of p

* What to expect at RHIC?

» increase of centre-of-mass per nucleon-nucleon pair from 17 to 200 GeV

SPS (Pb+Pb)  RHIC (Au+Au)

dN(p)/dy 6.2 20.1
produced baryons (p, p, n, N)
P-p 33.5 8.6

particpating nucleons (p - p)A/Z

total baryon number 110 102

* Baryon density: almost the same at SPS & RHIC (although the NET baryon
density is not!)

27



TN
PH-<ENIX

p+p \'s = 200 GeV
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* p+p in agreement with cocktail

Momentum Dependence
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PHENIX, PRC 81 (2010) 034911

* Au+Au low mass enhancement concentrated at low pr
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Momentum Dependence: PHENIX vs. STAR

TN
PH-<ENIX
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* PHENIX: Au+Au low mass enhancement concentrated at low pr




Momentum Dependence: PHENIX vs. STAR

TN
PH-<ENIX
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* PHENIX: Au+Au low mass enhancement concentrated at low pr
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Momentum Dependence: PHENIX vs. STAR

"v— 19.6 GeV x 0.001 — Cocktail + Model
A e 27 GeV x0.3 --- Cocktail
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‘< STAR Preliminary 2
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* PHENIX: Au+Au low mass enhancement concentrated at low pr
* STAR: no pt spectrum at /sy = 200 GeV
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D+pP Au+Au
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PHENIX, PRL 104 (2010) 132301
PHENIX, PRC 81 (2010) 034911

Direct y*/Inclusive y*

* Base line (curves):

» NLO pQCD calculations with
different theoretical scales done by
W. Vogelsang

* p+p
» Consistent with NLO pQCD

» better agreement with small p

* Au+Au

» Clear enhancement above NLO
pQCD
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Direct y*/Inclusive y*
* Preliminary result by STAR

 Also sees enhancement above
NLO pQCD at low pT
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directy / inclusivey
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|y 6 7 8009
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10

Direct y*/Inclusive y*

* Preliminary result by STAR

 Also sees enhancement above
NLO pQCD at low pT

e Below 2 GeV/c:

» smaller fraction than PHENIX?
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Direct Photons: Model Comparison

* From data: | PHENIX, PRC 81 (2010) 034911
Au+Au = pQCD + exponential Gz
N> E Thermal Photons in Au+Au aﬁ = 200 GeV
» Tave =221 £ 19 (stat) + 19 (syst)y MeV  § F o DATA0-20%
m; 1 __ LA ---.D. dEnterria & D. Peressounko: T, = 580 MeV, 1, = 0.15 fm/g
* Comparison to hydrodynamical e E t T puriones. Weienl
. 9 B .*{_‘ . -.—'S. Turbide et al.: T:=370Mev,tc=0.g33fm/c
mOdels "?U al o - F.M. Liu et al.: T, = 370 MeV. 1, = 0.6 fm/c + LO pQCD
_ _ LIJ10 S "".‘['. __ J.Alam et al.: T, =300 MeV.t, = 0.5 fm/c
» pt < 3 GeV/c thermal contribution 2 "33, — W. Vogelsang: Prompt NLO pQCD x T, 0:20%)
dominates over pQCD. 10_2:_
» Assume formation of a hot QGP with: E
300 MeV < Tinit < 600 MeV 103E
0.6 fm/c < 10 < 0.15 fm/c =
» Models reproduce the data within a 10%E
factor of two B
S Do e 10k
- A D.K. Srivastava et al. —
600 ® ] S. Turbide et al. =
A * F. Liuetal. — '
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Temperature of the early QGP

Photons emitted during all stages of the
medium evolution

» measurement is always time integrated

Low mass virtual photons:

» Emission dominated by the hadronic phase

How to measure “early temperature” from
the partonic phase?

» Intermediate mass (1-3GeV/c?) provides
another window to measure thermal dileptons

NAG6O at the SPS measured “prompt
excess” above open charm continuum of +
possibly thermal origin

» semileptonic charm decays = non-prompt

At the LHC charm cross section 1023 times
higher than at the SPS!

» Such measurement requires good vertexing
resolution for lepton pairs

tapp, |
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Hadronic Cocktall

Parameterization of PHENIX =, ii° data

| I |
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(r° = (r* + 117)/2)

Lo _ 4

dp®*  (exp(—apr — bp%) + pr/po)

Other mesons: fit with mt scaling of m°
pT \/(pT2 + Mmeson? — mnz)
fit the normalization constant

All mesons mt scale!

Hadronic cocktail was well tuned to
individually measured yield of mesons
iIn PHENIX for both p+p and Au+Au

collisions

Mass distributions from hadron decays

are simulated by Monte Carlo:
™, n,n,w, e, p, /P, P

Effects on real data are implemented
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Hadronic Cocktall

e Parameterization of PHENIX ri*, i® data
(r° = (r* + 117)/2)

d>o A
E—3 — 9 n
dp®  (exp(—apr — bp%) + pr/po)

lllIlllIlll-_lll'lll
min. bias Au + Au at-. s = 200 GeV

.-T‘.—f"{’{ . -t e

o &= R

N=7YY op—=e e

* Other mesons: fit with mt scaling of m°
pT \/(pT2 + Mmeson? — mnz)
fit the normalization constant

K b= KK

= eTe

.‘ PHENIX Preliminary

™ * All mesons mr scale!
I x .-.."'"-»--‘_. * Hadronic cocktail was well tuned to
. Feg nn T individually measured yield of mesons
T¥ : b in PHENIX for both p+p and Au+Au

collisions

 Mass distributions from hadron decays
A T | N B are simulated by Monte Carlo:

€ 4 6 8 10 0 , ,
P; (GeVic) ., n,n, w, q)’ P, J/L|), LI)

» Effects on real data are implemented
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