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Outline of My Talk

Photon measurements

T. Isobe

- Low pT region Y. Yamagachi
+ Single electron measurement

- Raa in p+p and Au+Au F. Kajihara

- b/(c+b) in p+p collisions Y. Morino
- J/y measurement

- J/y in Au + Au collisions T. Gun;i

- ¢ in p+p collisions S. Oda

Summary and Outlook

- Special thanks to the memebers of my group; F. Kajihara,
(T. Isobe,) T. Gunji, S.X. Oda, Y. Morino, Y. Yamaguchi
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Various Photon Sources

Central Au+Au at RHIC

* Measurement of direct photons og scale

is very HARD, due to severe . thzrma'
background from hadron decays ¢ e
C
. 2 =10 GeV/c
* Hard photons were seen in A-A £ " hard
collisions at RHIC /

- strong suppression of high pT —
hadrons helps to improve the S/N o P (GeVic) |
ratio . X Central Au+Au (s'°<200AGeV)

. . . 107 <N_,>=800
+ Thermal phoTon is difficult “'% o 035 |
- a window for QGP thermal photons m% 10°
at pT =1~ 3 GeV/c at RHIC St Lo
LA e
10° ;nL:t:ll pPQCD (pp) ]
6 1 2 3 ) 4
q, [GeV]
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Internal-Conversion Method

Kroll-Wada Formula

e'l'
1 dN 2cx 4m? om2. 1 L2 m2 . Compton )
ee __ 1_ e 1 e F 1_ ee % e
N, ame " sz | mE e g (el Ay I~
dalitz shape
"5 W Y D | — it q
& Ee S - - Measure virtual photons with
10 & H = n Dalitz . .
. © 8 8 o | very low invariant mass
—— direct y internal conversion

10 . yield ratio:
R(M1:M2)=N(M1:M2)/N(0:30)

- Excess of R(M1:M2) over

18

0’ Dalitz decay -> direct
wl photons.
L e R Y R T Y

M., (GeV)
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. . . . J
Comparison with Theoretical Calculations
D’Enterria, Peressounko nucl-th/0503054 Turbide, Rapp, Gale PRC 69 014903 (2004)
1, = 0.15 fm/c, T = 570 MeV 1, = 0.33 fm/c, T = 370 MeV
PN Yarect AUTAU (0-20%) 10° — T
E 1:_ ® Yairect = Yinel* 'Y:jirect’ryi‘ncl 10_1 y — O Au_l_Au at RHIC _:
s Lo ! 0- 20 % Central
> 107k o 10 ¢ 3
> E Ce
Eg 25  PHENIX Preliminary % 10°F 4}‘ — jség?h -
20E o SN = = jet-bremss. ]
F =104 AR
I a 10 ¢ v prompt 3
10°E N 5f 3
- 107
S 0
E — pQCD: Ty E
10° thermal 10_75—
: pQCD + thermal .
- -8
']06||||Il||||||l||||||]ll||||||||||||Ill||||||||l||| 10
O 05 1 15 2 25 3 35 4 45 5

p; (GeVv i)

* very interesting, but we have to recall that ...
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That ...

‘:‘E PHENIX
+ pQCD calculation is not § Preliminary
N 210* - .
reliable at low pT =% Subtraction
+ Reference data from p+p is E
0°L

not available, because of

large systematic error for pT _
<5 GeV with the real photon 107
measurement

=> Virtual photon analysis in _
P+p is crucial 1= p+p direct photon

: [ | I 11 | [ | L1 1 | |11 | | 11 ‘ | 11 L 11 |
0o 2 4 6 8 10 12 14 16
p;[GeV/c]

NLO pQCD: L.E.Gordon and W. Vogelsang,
PRD48(1993)3136
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Yield Ratio of the Two Mass Bins

- For Real Data & Simulation

Mass Ratio :R .. = M

mass

o
[ %
3]

=]
% [ PHENIX Preliminary No_30
E _ MinBias data in p+p collisions at\s = 200 GeV
0.2—
= - *Real
B sys.error (Real)
- *Simulation
015~ [7isys.error (Simulation) , .
0.1
0.05—
L T AN A AN AN A AR IS AR
0 0.5 1 1.5 2 25 3 3.5 4 4.5

pT [GeV/c]

2007/10/20 "Recent Results on Electromagnetic Measurements at RHIC"@HIM2007  Hideki Hamagaki



Virtual Photon Ratio in p-p

N direct Rreal . Rhadron

R _ 0-30 __ mass mass M tatisti
a N all Rdirect . Rhadron .or'e sTatmisTics
0-30 mass mass Wl“ come soon.
d:;..l].ﬁ_ —
- PHENIX Preliminary
0.5 Minimum Bias Data in p+p collisions at\s = 200 GeV
" Caveat : Direct Comparison CANNOT Be Made.
— ~19% Correction to Au+Au Due to Semi-Correlated Cross Pair
0.4— Was NOT Applied.
- R, (p+p)
0.3 sys.error (p+p)
“F =R, (Au+Au, central)
- sys.error (Au+Au, central) *
0.2—
01—
B + e
0__ ________________________________________________________________________________________________
-0'1__IIII|IIII|IIII|IIII|IIII|II“II|IIII|IIII|IIII
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

pT [GeV/c]
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Heavy flavor production

* Charm (& bottom) production

= hard process o

- leading order at low x = “gluon & 0
eading order at low glu «
fusion” -

- Necoll scaling should hold, with @
known nuclear effects; nuclear
shadowing and kT broadening he

* A good probe of . y
- partonic energy loss f ‘/";’:
- thermalization & Flow Dy

* How to measure ‘y ——

_w . "n o ‘C ...:
exclusive” is favorable, but o
- semi-leptonic decay > measure " ‘//
" 4
electrons/muons X / D* & .

e+
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Energy Loss of Heavy Quark 10

* Dead cone effect: gluon bremsstrahlung is suppressed at

forward angles; < mq/Eq

& zmaes
=

2
My | 1
x| 14| = >
LIGHT EQ 0
Dokshitzer, Khoze, Troyan, JPG 17 (1991) 1602.
Dokshitzer and Kharzeev, PLB 519 (2001) 199.

Q

dl
a)_

dw

dl

HEAVY do
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E d°c/dp’ (mb GeVc3)

DATA/FONLL

—r
]

[

Result of p+p at Vs = 200 GeV

PRL, 97, 252002 (2006)

¢ p+p— (e +e)/2 + X at\s=200 GeV (a)
= » PHENIX data
E FONLL(total) _
= —— FONLL(c > €) 1
E FONLL(b— ) E
L FONLLb—c—e)
E
B _"‘-q‘w...-—-
- PHENIX |
n..—Upper limit of FONLL | (b)3

* Heavy flavor electron

compared to FONLL

- Data/FONLL =1.71+/-0.019

(stat) +/- 0.18 (sys)

- Experimental result at

Tevatron
1{:*:

. DO -
o
o
o
7, ~factor 2 S
=10 9
= [ <t
= 1 i
f= (@)]
= 1
£ o4
10° o
Th
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O
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Raa in Au+Au at \sy = 200 GeV

nguAu/de

RAuAu (pT ) =

Neot - ANE, /dpT

Suppression level is the almost
same as p° and h in high p; region

00-10 %
i 2 _I T T T T T rrrrrrr T T T T T T T I_
14 - R..:0-10 % Point-by-point error 7
1.8: Aa+Au @\s " =200 GeV [ | Scaling error E
1.6 ~ ] NN I Uncertainty in T, , -
14 :_ A 7° without scaling error _:
) E B 1 without scaling error E
1.2 |e % I =
- e -
1 + + .
0.8 °°. ]
0.6 "o .
= A A A *0,00 )
0.4 - * A ® | =
C (| I | I | I | I | | I I | L1 ]
% 1 2 3 4 5 6 71 8
P, [GeV/c]

12

RAuAu (Npart) =

9.0 N
Nl * / - dpr
p

/. dpr

Binary scaling works well for
integrated yield for p'+> 0.3 GeV/c

14
n: : : : :

----------------------------------------------

0.8]
0.6/
0.4 -

0.2

[Tiel ]

5 AR

e p;>3.0 GeV/c..

_________

-----------------------------------------------

:IlllilllllIIII|IIIIiIIIIiIIIIiIIIIiIIII
00 50 100 150 200 250 300 35'{.1
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2007/10/20 "Recent Results on Electromagnetic Measurements at RHIC"@HIM2007  Hideki Hamagaki



13

Radiative Energy Loss

* Radiative energy loss with reasonable gluon densities

does NOT explain the observed suppression
Djordjevic, Phys. Lett. B632 81 (2006)
Armesto, Phys. Lett. B637 362 (2006) DGLV model: radiative
2 energy loss with
1.8 Rt 0-10 % in Au+Au @ \s,,, = 200 GeV dN,/dy = 1000
1.6
1.4

-

- N
IH|HI|II\|IH|III|II\‘III|III‘\II|III
- I'\I'IJ‘I=f: II:}

0.8
0.6
0.4
0.2
0 Ll [ [ [ [
0 1 2 3 4 5 6 7 8 9
p; [GeVic]
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Collisional Energy Loss

14

» Inclusion of collisional energy loss seems to

improve the situation
S. Wicks et al., NPA784:426-442,2007 (nucl-th/0512076)

F. van Hess et al., PRC73 034913 (2006)

1.8
1.6
1.4
1.2

Rua: 0-10 % in Au+Au @ \S = 200 GeV

DGLV Radiative +
Elastic Scattering
dN,/dy = 1000

0.8
0.6
0.4
0.2

van Hees et al: Elastic
Scattering

QO

2007/10/20

\I1\III2IIII3\II\4I\\I5\II\6IIII7III\8I\\I9
p; [GeVic]
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Other models o

* charm and bottom will behave differently, because of
mass dependence of dead cone & collisional E-loss.

-> fraction of c and b at each pT region is needed.

N

18 Raa: 0-10 % in Au+Au @ \[Syy = 200 GeV
16 DGLV Radiative +
1af | elastic scattering
12, e only for charm

1 il ! i
08 / Larger dead cone and
0.6 g larger collisional E-loss
0.4f : for bottom quark
02

00_' S ‘ll ‘ L1 8\ L1 9

p; [GeVic]
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Electrons from Various Sources:;

FONLL Predi

10_2_ L : ' : ] R

Drell-Yan/{c+b)
E; —

—&
=
Fra

T

1/n do((e*+e)/2)/dp2dy [mb/GeV?]
3

" b—oc
Drell-Yan

1 | 1 | 1 1 | 1 | 1 1 | | | | |
5 10 15 20
electron P, [GeV]

" *
i S B A N ENVEN AN E BN BN BE B

—
Q
I~

1 1

o

FONLL calculation: Cacciari, Nason, Vogt, PRL95 (2005) 122001
Drell-Yan from: Gavin et al., hep-ph/9502372

16

ction

* FONLL predicts; ~50%
c +~50% b for 3 < py<
8 GeV

* Drell-Yan component is
less than 10% up to 10
GeV

Comparison: Armesto, Cacciari, Dainese, Salgado, Wiedemann, hep-ph/0511257
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The Ratio b/(c+b) in p + p Collisions

+ D 2e Kv; measure e & h (K) coincidence

- How to obtain the ratio

subtraction of like-sign pair
et — hT pair from unlike-sign pair

£ ot —
& h™ pai Niag = Nuniike = N jike

1.9GeV Invariant mass

Nta Nc—>ta + Nb—>ta
From experimental data:  €data = . = : .
p e Ne(non—photonic) Nc—m + Nb—>e
: : N, N,
From PYTHIA simulation: e, = —52%%9 ¢, = “b2tag
Nc—)e Nb—>e
Np_se €c — €data

Nc—)e + Nb—)e €c — €
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Obtain Tagging Efficiency

- Real data

18

2 2500 | z 350
- Electron pt 2~5GeV/c 5 s
E Hadron pt 0.4~5.0GeV/c ::: J[ 1[
i unlike pair — | J[ +
s like pair wf 1 J[ ﬂﬁ
500(— 50?‘{" %
: it

i

Egata = 0-029 +- 0.003(stat)
+- 0.002(sys)

'H' + -[-'I'_l_'l' .].'l‘{*{'.}.l. H

Jr

+ Simulation (PYTHIA and EvtGen)

bottom production

T Y S S VS
Invariant mass

:mouu — ! § 0.008—
B Electron pt 2~5GeV/c % oosl] _]_']' charm
8000~ Hadron pt 0.4~5.0GeV/c I _]_.]. 1 g, = 0.0364 +- 0.0034(sys)
w0l unlike pair - , | botom
. . 0.003 — +-
weal- like pair # : ++++ gy = 0.0145 0.0014(sys)
B 0.002
- (unlike-like) H 4+ + T4
oo #ofele ooy ¥ +"‘-I=
|:llll_”lllll.IS I1I I'I.5HHZIIII2.5|H|3”H3.5H'|4|”;1-.|5””5 ﬂ; .* T‘i"'*ﬁﬂfll:l-
Invariant mass(GeV) I B - R IR B Y1 I| ' '-lt_' 't' 25 [;3"";5
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[b->e]/([c->e]+[b->e]) Ratio -

» The ratio as a function of electron pt

- Compared with FONLL: Fixed Order plus Next to Leading
Log pQCD calculation

p+p @\s=200 GeV
‘a? 1+ PHENIX (RUMNS] |y| <0.35
E : FONLL y=0
E | smmsmmms FOMLL band {c,b anti-correlated) y=0 .
T 0-8_ FOMLL band {c.b correlated) y=0 (b maX) and (C mln)
o - Pt ceerennated
R I | |
1 - et (b min) and (c min)
0D 06— v /_——‘_
- e ﬁ (b max) and (c max)
04— . -
I i e (b min) and (c max)
02— A | T o lEn
L = e PH-<ENIX
........... Preliminary
0 r‘lll.'l 11 | 11 11 | | I T | | 1 11 1 | 1 1 11 | 1 1 | 1 1 | 11 |

15 2 25 3 35 4 45 5 55
Electron P (GeV/c)
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ptp @

How to utilize the b/c ratio 20

Collisional dissociation model (by Adil and Vitev) = heavy
quarks form mesons inside the medium, and are suppressed
by dissociation

Js=200 GeV

s
T

b— el{c— e+b— e)
=
(-]

[ = PHENIX (RUNE] |y| <0.35

I|'I“.']rr'|]rr'1]r'.'1]r'..'1[r'.'1[r'11[|'11['..'1

b 1.4~ T
oo~ it line - Raa: 0-10 % Central -
- 1.2 ]
oaf- - ]I Au+Au @ \[sy, = 200 GeV -
i — Raa ": — . . :
o.z:— PHENIX - . - Adil and Vitey, PLEG4S (2007) 139 -
u_ o TR, I]’Ir':.-l_imli|I|-.I||I'_'.II []_B__u = . "‘n b%e R.ﬁu&. —
o338 Heetron P(GaVIc) - i c2>e Ry .
0.6 S
N *
Input b>e/c2e 0.4] =
0.2 -
D_ll | I T N B [ A Jl.l.éjll.l.ljl. Lo
0 2 4 5 6 7 8 9
p; [GeVic]
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Quarkonium

» Idea of J/v suppression

- proposed by Matsui and Satz
(1986, before experimental
results), as a good probe of

deconfinement B
- suppresion due to Debye screening % o
in the deconfined phase 5 ol
g 40t
Hiso—
» History at SPS in Brief =
-suppressionin S + A 20

- turned out to be similar top + A

- anomalous suppression 10
observed in Pb + Pb

21

I T T T | T T T | T T T | T T
Experimental rescale to 200 GeV
Theoretical rescale to 158 GeV

& NASI pp, pd 450 GeV
0 NASD LI p-Be, Al Cu, Ag, W 450 GeV

£ NASO HI p-Be, Al, Cu, Ag, W 450 GeV
A NAS0 p-Be, Al Cu, Ag, W, Ph 400 GeV

O NA3SS-U 200 GeV + + *+
¥  NASO Pb-Pb 2000 158 GeV +++
PR I T T S S T N N SO TS AN SO T SO N S S
0 2 4 6 8 10
L (fm)
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J/y Suppression at RHIC

* Larger suppression at forward angle at RHIC

» Suppression seems to be larger at RHIC, after CNM
(cold nuclear matter) effect is corrected

| ' | ' | ! | ! | '
SPS global syst ~16% Jhy -

PHENIX overall
syst ~12% & ~7% _|

PHENIX global syst
0.4 12% (lyl<0.35)

1% (1.2<1<2.2)
@® NAS0Pb+Pb

0.2F | © NA60In+In
) B PHENIX Au+Au y=0(1 mb)

B PHENIX Au+Au y=1.7 (1 mb)

1 I 1 I L I L I L I 1
% 1 2 3 4 5 6

tre (GeV/m /c)
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Dissociation + Recombination

- Gluon dissociation + recombination

- Dissociation by thermal gluons supplemented by the
regeneration of J/y from c-cbar coalescence

* R. Rapp et al. [EPJC34, 91 (2005)], L. Yan et al. [PRL97,232301
(2006)], R. Thews [NPA783 301(2007)], A.Andronic et al.[nucl-
th/0701079], etc

* Magnitude is OK, but the trend cannot be reproduced
- trend = decrease of R,, starting at Npar ~ 150

s 121 s 121
© | R.Rapp et al, EPJC43 (2005) 91 ® L L.Yanetal, PRL97 (2006) 232301
e 1
0.3:—‘ 0.3:
0.6;—_"\‘ T total 0.6
0.2:— "'ﬁ‘::"*u.J‘ggombination () 02l E
- dissociation - - e recombination
050400 480 200 280 300 350 400 050400 480 200 280 300 350 400
Number of Participants Number of Participants
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Idea of "Thermometer”

24

H. Satz, J. Phys. G32, R25 (2006)
» Color Debye Screening l
. : ‘ ‘ ‘ T<T, T-11T,
- leferen’r T, for different P —
quarkonia.
- The quarkonium suppression
pattern may be used as a QGP ‘ 1 I-T, | T
thermometer. LA S vk
. p(m)
» Recent Lattice QCD results 25— —
- J/y may survive above T, 12: e
1t F]
* M. Asakawa, T. Hatsuda; Phys. Rev. Lett. 92 (2004) 012001 O'z Irﬂv x/ \% -
* Datta & al, hep-lat/0409147. * Alberico & al, hep-ph/0507084 G i
* Wong, hep-ph/0408020 « Satz, hep-ph/0512217 , T=233T |
state [ J/(189) | xo(1P) | ¥/(29) | T(1S) | xo(1P) | T(25) | xu(2P) | T(3S) i
05 /f\;;. _’_,/-'_'_}"mhh_______u
T,/)T. [ 2.10 116 | 112 || 40| 176 | 160 | 1.10 | 1.17 o
0 ) 10 15 20 25 30
®[GeV]
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Idea of Sequential Melting

+ ~40% of J/y come from y' and
1. (= feed down)
- J/y~0.6J/y+03y +0.1y
- HERA-B exp. PLB561 (2003)
- J/y suppression pattern may

(28) (1P) (1s)

J/W Production Probability

provide information on the S S
melTlng Of \UI/XC. Energy Density
: | : | : | : | : | :
SPS global syst ~16% AT
-+ J/vy suppression at SPS may be _ H%i """"""""""""""""""""""" h
described by feed down effect , 15585 § |
- claimed by Karsch, Kharzeev & 2 | F— %]
Satz: PLB637(2006)75 % 0.6 .
a2 [ PHENIX global syst
0.4 12% (lyl<0.35) —
1% (1.2<lyl<2.2)
[ [e NAS0 Pb+Pb
0.2 2 E{l?gg][;+,-[ar:1+.qu y=0 (1 mb) N
B PHENIX Au+Au y=1.7 (1 mb)
O 1 | L | L | L | L | L
0 1 2 3 4 5 6

tre (GeV/fm /)
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Hydro+J /vy Model

By T. Gunji, T. Hirano, T. Hatsuda, H.H.

* Incorporate J/v, . and y' into a hot matter,
described by the (3+1)-D relativistic hydrodynamics
« T. Hirano and Y. Nara, PRL 91, 082301, (2003)
« T. Hirano and Y. Nara, PRC 69, 034908, (2003)
+ T. Hirano and K. Tsuda, PRC 66, 054905, (2002)

+ J/vy, x. and y': traversing through the matter

S\tloltw =(1—fp)x SJIW + Tep XS

v

SJ/w(XJ/w( )) exp{j dls( (X5, (7 )df}

Ly (T) = oo(T >TJ/1//)’ o(T <TJ/1//)
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Model Calculations 27

° GOO d f i-|- 1-0 1. he m§ 5_| —._— Z:END(AmAu (Iy|<0.35)
ZXPer' i menTGI SJ/\VTOT _____ B e si?ir:o_?*sd,;o_s*sx
(=R, ,/CNM).

= Min. y%2at (T, T, fep) = o B
(2.02T,, 1.22T., 30%)

_I L1 | | | - | 11 1 1 | 11 1 1 I 11 I-I | L1 1 | | | .I 1 | L1 1 |
0 ) 50 100 150 200 250 300 350 400
Number of participants
1.2

—@— PHENIX Au+Au (|y]<0.35)

- Sensitivity to Ty, " - T

- Ty /T.=19,196,2.02,208, | — i
2.14

- TC = 122TC Clnd fFD = 300/0

"""" L = 2.14T,

111 1 | I T | | I | | T | I 111 1 I 111 1 | | I | | T |
0 50 100 150 200 250 300 350 400
Mumber of participants
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New Results *

+ T'4is(T<Ty,,) = 0 -> Include dissociation by thermal gluons
= Tys(T<Ty,,) = a(T/Te-1)2

* NLO calculation by Y. Park, K-L. Kim, T. Song, S.H. Lee and C-Y. Wong,
arXiv:0704.3770 [hep-phl.

5212 Zodotcevi| 3212 P
R a)o=0.10[GeV] | %7 =l )o. = 0.20 [GeV]
0.8 _ E}] :
- Large a value (0 >0.2  °* :
GeV) is not favored. 0.4 o
0.2 r
0100 200 300 400 G160 200 300 400
Npar‘t Npar:
52 =030[Gev) | 334 o omTe
O e B R o )o = 0.40 [GeV]
T 2
U.B$ NE‘ E 0.8% ..
0.6 \E ) 0.6
0.4 : “‘Eﬂ--ﬁ] 0.4
0700 200 300 400 0700 200 300 400
Npar‘t Npart
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Charmonium system

DDbar
threshold
N.(2S) y(25)
— T ve1(1P) Ne(1P) %c2(1P)
co(1P) T
JPC -+ 1-- O++ 1++ 1+ >++
Particle Mass Width Mass difference from BR(x.— J/17)
(MeV/c?) (MeV /c?) J/v (MeV/c?)
J/W(1S) 3096.916 £+ 0.011 0.0934 + 0.0021 - =
Xco(1P)  3414.76 + 0.35 10.4 + 0.7 318 1.30 + 0.11%
Xe1(1P)  3510.66 + 0.07 0.89 £+ 0.05 414 35.6 + 1.9%
Xe2(1P)  3556.20 + 0.09 2.06 = 0.12 459 20.2 + 1.0%
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Fraction of J/y from y . decay .

2

o(% )BR(xy = /v 7)

<01 ]!

| ErgrofRy,

10 10° 10°
\s (GeV)
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” Theoretical Model Predictions 31

¢ e

X g9
0.8F
0.7E
0.6
0.5/
0.4
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0.2
0.1
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Feasibility Study Using _
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Data Analysis is in Progress >
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+  The fraction of J/y from y. feed down (Ry_) seems to be small.
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Summary

» Direct photons
- A new preliminary result; photons at low pT in p-p
collisions
» Single electrons

- large suppression at high pT in Au-Au central
collisions
* gluon bremsstrahlung is not enough

- A new preliminary result; b/(c+b) in p-p collisions
- J/y

- a sequential melting model seems quite reasonable to
explain J/y suppression Au-Au

- Analysis of feed down from y. is in progress
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Outlook
* Not covered in this talk
- high pT photons
- large enhancement of low-mass electron pair

* In near future, new findings are expected with
higher statistics data for p-p, d-Au, Au-Au (&
Cu-Cu) collisions.

* New results soon to come from LHC should
provide a different viewpoint to the RHIC
results.
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