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Future of the Continuum at RHIC

® Open experimental issues
+ Large combinatorial background prohibits w* - HBD
precision measurements in low mass region! %

+ Disentangle charm and thermal contribution in signal electro
intermediate mass region! v

e

Need tools to reject N ’
partner posItrons:y

photon conversions and Dalitz decays needed for blobs
and to identify open charm rejection
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both normalized to m__ < 100 MeV/c?

1M, dNidm,,

» HBD is fully operational
> Proof of principle in 2007
- Taking data right now with p+p

> Hope for large Au+Au data set
in 2010
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Is it a 1T or a ¢?

Back to the basics (briefly)... A lot of particles have e*e- decay channels.

How can we tell the Dalitz decays and photon

conversions apart from the decays that we’re
Interested in??

X .
relativistic electron

Dalitz decay electrons have apparent
mass from 2m, > m_ with highest
probability near 2m,

Photon conversions
EVEN MORE tightly
peaked around 2m,

Dalitz and Photon conversions have smaller opening angles!!

How about a Cherenkov Detector???

e ID electrons
e give directional information.




Charge of the matched clusters

Pulse height
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Using low mass pairs, one can select a sample with large opening
angle (isolated) or small opening angle (overlapping)

The responses are 20 p.e. & 40 p.e. respectively. (WOW!)
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Stochastic Cooling at RHIC

ffective statistics increased at least by factor 32

- errors reduced by factor 5.6 — 8.5




Lepton-Pair Continuum Physics

Modifications due to QCD phase transition

IIIII||||I||||I||||I|||||IIII
Chiral symmetry restoration
continuum enhancement
modification of vector mesons

@ Sources “long” after collision:
+ 7Y m, ® Dalitz decays
¢ (p), ®, ¢, Iy, y* decays
@ Early in collision (hard probes):
+ Heavy flavor production
+ Drell Yan, direct radiation

@ Baseline from p-p

dN,./dydm

thermal radiation
& modified heavy flavor

® Thermal (blackbody) radiation
+ Indileptons and photons
+ temperature evolution

® Medium modifications of meson
@ n—o>p—o Il
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Challenge for PHENIX: Pair Background

- No background rejection — Signal/Background > 1/100 in Au-Au

- Unphysical correlated background
> Track overlaps in detectors
> Not reproducible by mixed events: removed from event sample (pair cut)

» Combinatorial background: et and e from different uncorrelated source

7° — e+7 7/—>e@

- Need event mixing because of acceptance differences for e and e
> Use like sign pairs to check event mixing

» Correlated background: et and e from same source but not “signal”
> “Cross” pairs e “jet” pairs
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Hadron data follows “m- scaling” 10°F

@ Heavy flavor production:

* 0= NcoIIX567i'57i'193l,lb from single m—g L1 2| L1 J|1 L é L1 1I3 L1 1

electron measurement p_ (GeVic)

Predict cocktail of known pair sources
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® Striking Enhancement at

and below the ® mass.
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Centrality Dependence

102 G«:p <5 GeVl/c p:pgif.:anLllnat;:'ﬁ:fnﬂﬁﬂ GeV Enhancement |n IOW
IE Eﬁﬁﬁgzgﬁﬂ%ﬂ% mass region is a
10} 'ig:igggggg;;}gz strong function of

dN/dm,, (c*/GeV) IN PHENIX ACCEPTANCE
ks

o centrality.
i 8 «ww | Statistics are also
sufficient to analyze
1043 pr dependence.
Need methodical
approach to the
- spectra.
10° 40.50%
107 g
10 5000067 9 o 60-92%
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» LMR-I wherein

7 2 Mo <<P7

o4 LMR-Il where the
e (5D above condition
does not apply.

Thomas K Hemmick 14



p+p at\'s = 200 GeV + DATA- COCKTAIL
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Charm: after cocktail subtraction

e G.=544 + 39 (stat) = 142 (sys) = 200 (model) ub

Simultaneous fit of charm and bottom:

e G.=518 + 47 (stat) = 135 (sys) = 190 (model) ub

o o,= 3.9+ 24 (stat) +3/-2 (sys) ub

m,, (GeVic?

NS ST

10'§0<p. <5 GeVic  p+p & AurAu at\s,, = 200 GeV
1 03 : Au+Au min. bias x1

. o AuAu G108 <10
10°§te @ = Au+Au 20-40%
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" Au+Au ﬁgaz% % 102
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108 "_
107 :
108 '!5
10*
10—1“
10—11
10-12

0 05 1

Surprise!
-AuAu matches cocktail in MB.
-Slightly higher in peripheral
-Dashed line is result of max.
smearing of charm pairs.
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Spectral modification
should lower yield.

-Charm singles are
well known to be
strongly modified
by the medium.

*These effects
should lower the
IMR yield most at
the most central
bin.
Prompt yields were
observed by NAG6O in
this regime.
-Prompt yields
might rise with
centrality.
-Competing or
compensating effects?




- Au+Au /s, =200 GeV
— NN ® Au+Au

- Yield (1.2<m_<2.8 GeVIc)/N_ [ pyTHIA
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» Because of large errors, the IMR of AuAu is still
consistent with unmodified scaled pp or Pythia.

» Additional sources may also be present since
“suppression” due to charm spectral modification is
bserved in the pair data.
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» AuAu shows excess at all py

» AuAu excess similarly
shaped to pp in higher p;
region

Thomas K Hemmick 18
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§1o E‘ o1s-  PQCD
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107 access above cocktail i
N R S fraction or direct photons: e-os- 5
10°E it X L@
- hadron decay cocktai . r= Y dir _ Y dir -
B . o
10-9 [ | L 111 | [ | [ | L L1 1 | L 111 )/incl yinCI - .
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m,... (GeV/c?) p_ (GeVlc)

Small excess for m<< p;consistent with pQCD direct photons




in PHENIKEcceptance
o
L8]

Au+Au (MB) 1.0<pT<1 .9 GeV/c

cocktail components — f 4, (M)
B - fn(m)
------- " — (ADF (m)+f_(m)

T T TTTTT

r=0.189+0.0213
¥2INDF = 12.2/6
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m...- (GeVic)
Direct y* yield fitted in range 120 to 300 MeV

Insensitive to n° yield

fc (mee) and fdir (mee)
normalized to data
for m,, <30 MeV

0.5
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Virtual Photon excess
At small mass and high p+

+ 2.0<p <2.5 GeVic

1

Can be interpreted as

-

real photon excess " ma(Gevieh’
_ s 3.0<p <4.0 GeVic
no change in shape s T
can be extrapolated o + i
to m=0 005 1
;’-ﬁ_ [ R 7 S - B

e
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« PHENIX Rund Preliminary—5ubtraction Analysis
= PHENIX Run4 Preliminary-—--Tagging Method
& PHENIX Run4 Preliminary—-Ext. Conversion Method

et
NN

TIncIusWefThadmnlc

- ek ek
= & O

1.2[="-~ : .
e - internal conversions
T8 Sy
0.8 — Au+AuYs=200Gav Min. blas
T PHENIX Preliminary
06—
_II|IIII|IIII|IIII|IIII|IIII|IIII|IIII
1 2 3 4 5 6 7 8
Y p{Gev/c)

» PHENIX has developed different methods:

- Subtraction or tagging of photons detected by calorimeter
- Tagging photons detected by conversions, i.e. ete~ pairs

Results consistent with internal conversion method
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Ed®N/dp*(GeV2c3) or Ed*/dp* (m
o
A

AuAu MB x10*
AuAu 0-20% x10?

AuAu 20-40% x10

p+p

| L1 1 | L1 1 1 |pIQI(:IQI L1 1 |I II I‘__|I I

P, (GeVic)

photons:
© Measure efe” pairsat m_< m << py

> Subtract n decays at S/B ~ 1:1
- Extrapolate to mass 0

First thermal photon measurement:

T, > 220 MeV > T,
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Thermal Photons in Au+Au atﬁ = 200 GeV
# DATA0-20%
—— D. d'Enterria & D. Peressounko: T, = 520 MeV, t, = 0.15 fmfc
—— 5. Rasanen etal.: T, = 580 MeV, 1, = 017 fmic
—— D. K. Srivastava: T, = 450-600 MeV, 1, = 0.2 fm/c
—— 5. Turbide et al.: T, = 370 MeV, ¢, = 0.33 fm/c
—— F Livetal: T, =370 MeV, 1, = 0.6 fm/c
—— J. Alam et al.: T, = 300 MeV, 1, = 0.5 fm/c
— W. Mogelsang: Prompt v NLO pQCD = TM (0-20%)
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D.d’Enterria, D.Peressounko, Eur.Phys.J.C 46 (2006)

0

1

T... = 300 to 600 MeV

T, = 0.15t0 0.5 fm/c

Ty MeV)

= £ 5 8 8 8 &

D. d’Enterria & D. Peressounko
5. Rasanen et al.

D.K. Srivastava et al.

5. Turbide et al.

F. Liu et al.

J_ Alam et al.
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Initial temperatures
and times from
theoretical model fits
to data:

o

0.15 fm/c, 590 MeV
et al.)

0.2 fm/c, 450-660 MeV
(Srivastava et al.)

(d’Enterria

OI.§ fm/c, 300 MeV (Alam et
al.

0.17 fm/c, 580 MeV (Rasanen
et al.)

0.33fm/c, 370 MeV  (Turbide

et al. 24



Real Photons through Conversions

- - ( ".,.'il II. pr) )
incl \ €y \PT) - g1 P
e+ /e- Pair -m.l \rr; Ny \PT) /' Data
efficiency hadr () ( hadr gy )
DATA SIMULATION

N7 (P 1) = € pairlpair¥ ™ (1) NF" (P ) = apeir ™ ()
N;Otag (pT) _Spalr pair yf y (pT) N;Otag (pT) = f N;O :apairf ,Yno (pT)

e+ /e- Pair

Conditional probability of having the
acceptance

photon in acceptance, given that the pair
is already in the acceptance

Photon efficiency

This method has the advantage of the pair acceptance canceling
out in the ratio

»_We do not need to know the conversion length of the HBD
S bEeeuge of this pi0 tagging method

R. Petti 25



Conversion Pairs

The PHENIX reconstruction software Conversion pair Dalitz decay
assumes that all particles come from :
the event vertex

This is not true for the electrons that

come from a photon conversion in the
HBD (r ~ 60cm)

This gives the pair an apparent opening

angle, and hence an artificial mass ST
i . 2000 M 0.03555

proportional to the radius that the rf — all pairs®=

conversion occurs at oo ¢ <0.3

In addition, the pair will open up in a L= v

plane relative to the magnetic field and ™ * +

this can be measured and called the e

phiV angle wb

Conversion pairs will open up wod . e s

perpendicular to the field 200 +*+|+iilf':::”“:w g |

DaI|tz decays will open randomly to the ' 867 So 5es Goi G0t 50¢ 507 08 sod o

R. Petti 26



Simulation Studies

Simulations show that we can isolate photons that convert in
the electronics of the HBD through the apparent mass
observed and the phiV angle even in the weaker magnetic
field of the +- configuration for Run 7

Shown are full Monte Carlo simulations of photons, modeling
detector response (GEANT) and doing the full PHENIX
reconstruction on the simulated data

hizt phiv hbd . hiist_phiv_hbd | ki [ . . . mas:i_hist_hibd
eV phiV angle e uaz| | MBI L o jnyariant mass [mes e
. hbd electronics 02036 | * hbd electronics L00B0O3
bBeam pipe 10’ L i beam pipe
5 B - m
107 I;, outside
R “
x
% L
; .
i M b
10 et L e Bl LN,
| IJHIr:-ﬂ':‘g' II|I |I T-Ill"' I .III "|: I;I || |
CUNEH TEs | T'ﬂ’|_ CYMN N T T
. || I| i L | T‘H. ." I |I | 1 | | ||I ||||I |I|I I|I
| Ll | Ll il I Lol .||||
1 '|.lr$::'|1:l apn s || || |
31t 0 0 ot
o .oz 004 0.06 0.08 0.1 12 014
mass (GeV]

R. Petti 27



Measuring the Raw Uncorrected

Inclusive Photon Sample

Electrons and positrons are
identified using standard
PHENIX eid cuts
Number of RICH phototubes fired
Shower shape in the emcal
Energy/momentum ratio
Then all electrons and positrons
within an event are paired
Keep pairs with phiV < 0.3
Pairs with mass < 18MeV are the

converted photons

30000
25000 f
20000 f
15000 f
100000

5000

FG12<pT<13Ge |

2
5
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1]
i:in" ‘I
= I [ |
£ | .
[ [
§ [ n
[
i ]
10° W
: ]
m
]
m
5 [ ]
m
]
m
il
107k il
:I | | I|I | III|I
0 1 2 3 4 5

Inclusive photons that converted

a+la- pair p_r (GaV)

AR D:...\‘..|...\..*.‘l".7v#7‘l‘...\...|..‘\... 28
\k' 0 0.02 004 006 008 01 012 014 016 018 0.2
WA

mass of the e+/e- pair (GeV)



Measuring the Raw Uncorrected
pi0 Tagged Sample

Many of the photons are coming from pi0O
decays n? yield within 2o of the mean

To get a pi0 tagged sample, photons in g
. . =
the emcal are paired with the converted > 'ln..
photons found in the inclusive sample 30°F .
Combinatorial background is estimated 'g E '+'-_
using a mixed event technique 2 | .
Pairs are formed with particles from different (but 1o -
similar) events to get the uncorrelated : i
combinatorial background [ L
- Hil
i L
) FG1.2<pT<13 sub1.2<pT<1.3GeV .| .
50000: N R 0000 : -
400002— - zsooof— P|O peak E il
Normalized BG = I i
C 20000—
30000~ 7 == E 10° el
E 15000:_ S [ - I Ll 1 I | | | I 1 I I
200001 10000/ 0 1 2 3 4 5
C C e+le- pair pT (GeV)
10000 S J
- oc e
L N T R ¥ S Y- YR, Y- X 0002 o o4 05 e 07 os os 29

mass of the e+.‘e-}phot0|:| triplet“ mass of the e+.‘e-}phot0|:| triplef (GeV)
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min. bias Au+Au at \|s,,, = 200 GeV

:. * DATA wlayee e ¥ ee

10'2 Iyl <0.35 M- yee s Yy g

Pr>02GeVic __ ., ee  ==e- ¢G> ee (PYTHIA)

R ceep-reE o cC — ee (random correlation)
10 o ee&nee
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-
(=]
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1/N_,, dN/dm_, [c"/GeV] IN PHENIX ACCEPTANCE
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*

”vM
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0 05 4 qm TRy e g
m,B{Ger:?]

» Excess 150 <mee<750 MeV:
3.4 + 0.2(stat.) = 1.3(syst.) +
0.7(model)

» Intermediate-mass
continuum: consistent with
PYTHIA if charm is modified
room for thermal radiation

C 0 OUULIUEEREEREEEEEEEERRRRRR L T~ -y

\‘HII|III\|\IHJ\\I

S
a) \syy = 200 GeV
Yield / (N___/2)

part

®  AuAu DATA (150<m,,<750 MeV/c?)
™ CuCu DATA (150<m,,<750 MeV/c?)

H
pp  DATA (150<m,,<750 MeV/c?) -
- YRR COCKTAIL (150<m,,<750 MeV/c?) -
I o -
1 _!_
L (b) _
i

* AuAu DATA (0<m_.<100 Me\f.v‘c‘;) ]

- CuCu DATA (0<m,,<100 MeV/c")
I pp  DATA (0<m,<100 MeV/c®) ]

pmesss] COCKTAIL (0<m, <100 MeV/c?)
50 100 150 200 250 300 350

i - IiiIIII Npart

Yield/ (Np,/2) in mass windows

70 region: production scales
approximately with N,

EXxcess region: expect contribution
from hot matter

e in-medium production from nrn
or qg annihilation

> yield should scale faster than Npard®




Poorly described as y”

min. bias Au+Au  \[s,, = 200 GeV
. 0_4<pT<D_6 GeVicx 10
™ D_Bcp_r<:0_8 GeVic
e 0.8<p <1.0 GeVicx 107

3

=
8
R da

=
%

dN/dm,, (c%/GeV) IN PHENIX ACCEPTANCE
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Low mass excess in Au-Au ]
concentrated at low p+! s }
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pp well described by Cocktail + gamma.

AuAu not well described:
Additional excess at low p+ .
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Soft component below m; ~ 500 MeV:

T

€

# <120MeV independent of mass

more than 50% of yield
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Heavy Flavor from Single Leptons

K Open Heavy Flavor: Charmonium Subtracted

' 2 T £ PHENIX data
L = o= E o 10* —— FONLL(total)
L T FL o\ ~ FONLL(c— e)
& e 2 1 N, FONLL(b — e)
Ve %+ W g6 e FONLL(b — € — €)
ee ; -
Open Charm (and bottom) e
states decay with "E
Slg.nlflcant ranCh.Ing 10-10: L =
ratios (~10%) semi- ;z_iﬂt (b)3
leptonically. g‘ﬂ\{ﬁ% N E
< 1. Ce0béy o B s i
Parent quark mass makes ; 1%## B N S :
these the dominant B R B S A
source at high p; — P (GeVie
Cocktail (or convertor) ® pp results presented both as
subtraction yields inclusive heavy flavor and

spectrum of heavy flavor
>lepton decays.

AN \.-'.'--
Ly A

“open’ heavy flavor.
@ Good agreement with pQCD
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® total HF e*
e open HF e*

Ly
L

200 GeV
|I\I\|\

1 2 3 4 5 6 7

8
P, [GeV/c

I—lto

2

Heavy Flavor Electron v

0_2 _I T TT | TTTT | T T TT | T TTT | T TT T T TT T TTT | T TT | TTTT T TT I_
”  ® PHENIX Final Run4 ]

— ® PHENIX Preliminary Run7 —
0.15— —
C  minimum-bias _
0.1 g E{. —
C E . g ]
0.05— @ . —
- . _

- * * » —

0 B *‘ 111 l ]
-0.05/— —
- AutAu /syny = 200 GeV -

G 11 | L1 1 | | L1 1 | 1111 | L1 1 | | 1111 I | - | L1 1 | | | .| I 11 1 I_
V%05 1 15 2 25 3 35 4 45 5
P, [GeVic]

Heavy Flavor shows suppression similar to =° at fill

RHIC Energy.

Heavy Flavor even flows.

These results are the principal ones that define n/s.
Similar conclusion for muons from CuCu: suppression

similar to
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Heavy Flavor Decay e-h

Correlations
Charm > D> e + X
Bottom > B> e + X
Trigger: et/-
Associated: charged hadro
Near side: decay, fragmentatjiis
Away side: from the balancine
heavy quark
Azimuthal distribution (A¢)

near side e-h

Sensitive to geometry
| Sen5|t|ve to HQ energy loss




interaction with
matter




Method

2.0<p,.<3.0GeV/c

5 1 '5{pT,h‘2'GGEVRi

— | Einr..'_'h
€inc= €HF T €phot X e r
eH,.- - h: | e o® |
v R DY Y e
enr “h — R o 1 2 A 3
HF E
AB - i
_ 1 dNgyjer 5 _ N, Vﬁv |
A—B o A HF - 15_ . comverter method
N d (A¢) Nephot E ; zﬁ;kl}ﬂim&ﬂmd
€, — . from direct measurementsf\ = -
e h: O\ PHEND PRL 57 252002 Go06)
bhot ~ R i i T e e

€,hor from meson decay (mainly n°)

Can be constructed from inclusive y
- h

1 .5-=:pT h-::E.DGe‘uffc




2.02p_ <2.5GeV/c

M

e My " ab ab A
PH-~ENIX \s = 200Gev ® Au+Au, 0-60%
heavy flavor & - hadron: 2.0 < P, < 3.0GeV/c = p+p

s

2.5<p_<3.0GeVic | 3.0<p_ <3.5GeVic * 3.5<p_ h.:d.nunwd

i

%gw
- 2
-4

39



HBD Construction

“Standard” CERN Cu GEM foils in HBD ond HBD installed in PHENI X

‘- Sy N \\'
k -"".-, = - T ——
i L k.

-

- -,.l‘_’ aEssesss

CSI photocathods
on GEM foils



Summary

PHENIX results on dielectrons reveal a wealth of information:
Normalization of cocktail
Correlated charm
Correlated bottom
Low Mass Enhancement (primarily at low py)

Direct Virtual Photons

Results will be dramatically improved by use of the HBD during
Run-10.

Identify source of very low pT pairs in LMR

Precision on initial temperature.

Real photons through conversions.

Charm fate through IMR and Df correlations

Photon HBT?77?

ture looks bright!
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Timeline of PHENIX Upgrades

2008 2010 2012 2014

RHIC| -

Stochastic cooling “RHIC 11” >

HBD

VTX

n Trigger




5
470 6.3 s 0 /
410 7.6 g /
380 8.8 £ o »
300 12.3 £
220) 18 Sl | '
150 28 0% —_— .
75 60 0 20 40 60 80 100

Total ion energy [GeV/nucleon]

Critical Point and the Onset of Deconfinement studies necessarily
involve lowering the beam energy in the machine.

Luminosity scales as the square of beam energy.

Furthermore, heavy quarks suffer in production rate at lower
energies.

The product of these factors limits all present RHIC experiment
capabilities, but will be offset by future efforts:

- Stochastic Cooling for high energy running.

- E-beam cooling (3-6 X) for below 10.7 GeV running.
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minimum bias Au+Au @ Vs, = 17.2 GeV minimum bias Au+Au @ s, = 17.2 GeV

S S ] W I e
E #. field condiguration hadron cockiall E Z = 4. field configuration © hadrom cocktail B!
SITIE T 11 SRR S - I background wio HBD S | 1] | I N ;.- hackground wo HED
z I background wi HBD 3 & F | background wi HBD =
.E'W" ; 1074 i

Z 10 |50M evenits wio HBD

ot :
1“‘ o 2at B {-\_\_\"
‘-hl WL 1 \b-\. -..,. -.--__.q.--:
1E| ;1‘: - -\.\l _,1 b N 1
. I.-._I

107 : 'H I
| | [
Tu-l: I !-_' : =
i M, Ir'\,. el I [ i F ] i i
1II"r'l] 0.2 04 0.8 0LE L .2 1u-'tl 0.2 0.4 0B 0.8 1 12
m,, I_EE'WE-’] m,, [GeWic")

» With the inclusion of the HBD, PHENIX could get a marginal
measurement for energies as low as 17.2 GeV w/ 50 M-evts

» However(!!!), the rate of collisions at this low energy makes
the collection time for 50 million evts prohibitively long.
> Practical di-electron measurements are at 62.4 & ~39 GeV.
> Marginal measurements available at 27 GeV.
> Impractical due to running time at lower energy.
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Virtual Photon excess 2

At small mass and high p; g

Can be interpreted as .
real photon excess

no change in shape
can be extrapolated
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T~220MeV & +  AuAuMB x10*

‘ / C*  AuAu 0-20% x10?

o =  AuAu 20-40% x10

o = =
o X <

pp

—

yhotons:
2 » Measure efe” pairs at m_ < m << py
10 » Subtract n decays at S/B ~ 1:1
10 » Extrapolate to mass 0

Ed®N/dp*(GeV2c3) or Ed’c/dp® (mb GeV2c?)
=]
B

— — —
Q@ < <«
~J =11 &n

— m=0

—
]
| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| TTTTTm
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» In Cu+Cu and Au+Au jet awayside component (d¢ > 90)

altered to account for jet modification in HI systems
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