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The Short Answer 1s:
Almost.
Also need tracking to
detect electrons...
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 The Classical road to success in RHI Physics: J/¥ Suppression
The Road To Success in HEP

ETTERS B 5 March 1987 The Road To Success in HIP
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pr(p) > 3 GeV/c, UAL Phys. Lett. B186, 237 (1987)

EVENTS

* Major background for e* detection is photons and conversions from nt®. but more importantly
*Need an electron trigger for full J/W detection = EMCal plus electron ID at trigger level.
*High p; n® and direct y production and two-particle correlations are the way to measure hard-
scattering in RHI collisions where jets can not be detected directly---> segmentation of EMCal
must be sufficient to distinguish 7t¥ and direct y up to 25 GeV/c (also vital for spin)

*Charm measurement via single e* (Discovered by CCRS experiment at CERN ISR)
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H E N ‘X T ﬂ I] H Y e PHENIX is picturesque
_ _ because it is not your father’s

S~ — o — / | solenoid collider detector
R\ T T i2e. @7 * Special purpose detector

designed and built to measure
@ rare processes involving leptons
X Q| and photons at the highest

: \. /N | luminosities.
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Nuclear matter in extremis
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EMC Energy / Momentum

¢ ElectroMagnetic Calorimeter measures Energy of photons and electrons
* reconstructs i’ from 2 photons. Measures decent Time of Flight
* hadrons deposit Minimum lonization, or higher if they interact
* For electron ID require RICH (cerenkov) and matching energy in EMCal
* Electron and photon energy can be matched to < 1%--No nonlinearity problem
e momentum +TOF=charged particle ID
* High Resolution TOF completes the picture giving excellent charged hadron PID
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10° LM Al charged-tracks
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EMC Energy / Momentum

¢ ElectroMagnetic Calorimeter measures Energy of photons and electrons
* reconstructs i’ from 2 photons. Measures decent Time of Flight
* hadrons deposit Minimum lonization, or higher if they interact
* For electron ID require RICH (cerenkov) and matching energy in EMCal
* Electron and photon energy can be matched to < 1%--No nonlinearity problem
e momentum +TOF=charged particle ID
* High Resolution TOF completes the picture giving excellent charged hadron PID

PHENIX Electromagnetic calorimeter \5=200GeV
T K s

charge * momentum -1 (GeV/c)'1

*o 10 » % a0 50
time-of-flight difference from electron (ns)
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PHENIX Electromagnetic calorimeter \5=200GeV
T K-I- o

10° LM Al charged-tracks

charge * momentum -1 (GeV/c)'1

0 10 » % a0 50
time-of-flight difference from electron (ns)

ertex

Photon

105i...l...|...|...h..i...i...;...;...; - PHENIX High Resolution TOF
02 04 06 08 1 12 1.4 16 18 2 g 6 { e AurAuNs =200 AGeV
EMC Energy / Momentum & ,f o
E [ p
e
¢ ElectroMagnetic Calorimeter measures Energy of photons and electrons 5| oy d
e reconstructs mt° from 2 photons. Measures decent Time of Flight %0:_ g a
* hadrons deposit Minimum lonization, or higher if they interact Sz ]
* For electron ID require RICH (cerenkov) and matching energy in EMCal af K P .
* Electron and photon energy can be matched to < 1%--No nonlinearity problem ' EL
e momentum +TOF=charged particle ID LT ]

10 15 20 25 30 35 40 45 50 55 60

* High Resolution TOF completes the picture giving excellent charged hadron PID Time of Flight [ns]
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Lead-Glass (PbGl) Super Module

Leae Selatlieiier (Hasg) L el 6 PbSc sectors (15,552 channels)
P 2 PbGl sectors (9,216 channels)

n==0.38 Ag= 8 x 22.50=180° o e

lead glass matrix with
carbon fibre/epoxy

6 PbSc sectors 2 PbGl sectors
Granularity (dnxd¢) j

0.011x0.011 0.008x0.008 isial——

System Energy resolution (%)

10/NE ®6.5 8.5/NE ®9

Position resolution, orthog. imp. (mm)

5.7/JE +1.6 ~6/\E

Timing resolution o,

340 ps 600ps

BNIL./PHENIX separates n” and direct y up to >25 GeV/c | ['\W A80/98
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Spectators

ZDC Energy Sum

2000 Peripheral: |

1000 @ - :
\\ u Ol i vl | |.':|: ] rl-l |l | |l| R

{ 200 400 600 800 1000 1200 1400 1600 1800 2000
\ BBC Charge Sum

=
=

ZD—C@  Centrality selection : Sum of

Beam-Beam Counter

(BBC, |n|=3~4) and energy of
Zero-degree calorimeter (ZDC)
' e Extracted N_, and N__ . based on
| il South Blick von der Seite North N UL Glauber model.
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o

ZDC vs BBC

=

ha

ZDC amplitude [a.u.]
8 -

Define centrality classes: ZDC vs BBC

QBBC

- 10°F ' - =
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= i . PHENIX :
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E : 10 = E
0 100 200 300 4 Em H H . | | | ?
| o INuImber of tracks 0 50 100 150
0 200 400 BOD 800 ET(EMC) (GeV)
dN.p/dnl, o (GeV) 0 200 400 600
PZ=5" Office of dEr/dnly o (GeV)
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Colliding system expands: HEKENIX
g Mlnlmlum bias E| dlstrlbutlon at mid-rapidity
p

3} TERZ . 104 ;... _;
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2c, 10 = el I ) E
C () n
Energy L to .l ", i
. . 10 = ., =
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- y :
10 = e =
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. jTR 2 2CTO dy 1 e b e b e e e I e b L oig
0 10 20 30 4( 50 60
per unit A~ T E, (GeV)
. 0 200 400 600
velocity || to beam dE/dn |,

PRL87, 052301 (2001)
—£ 2 4.6 GeV/fm3 (130 GeV Au+Au)

5.5 GeV/fm3 (200 GeV Au+Au)

well above predicted transition!
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© 105 T T T | —§| events
2 - 7 10° i
> 10’ E 3 Sy
E 3 - 20-30% i 5
10° %— 1--‘- = —é 103|§— "a‘
10°E _i “’ %
£ E 2 % %
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E ] 10
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am I_.I H . | | . ? F "ﬂ
0 s0 100 150 B
E (EMC) (GeV) 1 E ; H
0 200 400 600 -Iuln:I.I.I.I.I:l.I.
dETIdnlnﬂj (GeV) 0 01 02 03 04 05 06 0.7 08 09 1
M., (GeV)
*Event-by-event average pr (M) is closely
related to E * compare Data to Mixed events
1 » 1 for random.
M i T — . p— —E . .
pr = PT(n) = g Pr, = —ETe * deviation expressed as:
FPT= O-MpTdata/ O-Mmeixed -1 ~few %
* due to jets see nucl-ex/0310005
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*Event-by-event average pr (M) is closely
related to E; * compare Data to Mixed events

for random.

T
My, = Priny = n Z Pr, = EETC e deviation expressed as:
FpT= O-MpTdata/ O-Mmeixed -1 ~few %

* due to jets see nucl-ex/0310005
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From 1998—My Best Bet on Discovering QGP
Utilizes semi-Inclusive 7" or 7* production

10_24 T i J 3
O CDF 1BQO GeV 3
2684 AUAT 546 Gev 3
. OBS 53 Gev
> B ACP 27 Gev
8 _ 3
SRR T 4
k5 A, 4
L 30 e §
10 NS, .
. * T G
NS  * P e
S 32 b
o 10 \ E
uw Y b3
1
_34 3
10 0.5+(h*+h") E
-36 %

1 O 1 1 k) L

4 B 8 10
Py (Gev/c)

Invariant cross section for non-identified charged-averaged hadron production at 90° in the c.m. system as a
function of the transverse momentum pr tablulated by CDF for a range of C.M. energies /s. There is an
exponential tail (e7%7) at low pr, which depends very little on /s. This is the soft physics region, where the
hadrons are fragments of ‘beam jets’. At higher pr there is a power-law tail which depends very strongly on /s.
This is the hard-scattering region, where the hadrons are fragments of the high pr QCD jets from constituent-
scattering. My hope is that the QGP causes the high pr quarks to lose all their energy and stop,
so that the high pr tail will ‘vanish’ for central Au+Au collisions

In RHI central collisions, leading particles are the only way to find jets because in one unit of Ar there is

idET ‘ N "
T X 5250 375 GeV 1.
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S * Good agreement with NLO pQCD

& 10 o : . . s 1

E . I PHENIX Data TT° v/ this is no surprise for “old timers’ (like me)
s 10" — KKP NLO since as I just explained, single particle

“’; ol N T Kretzer NLO inclusive spectra were what proved QCD in
Ll

the late 1970’s before jets.

 Reference for A+A and p+A spectra

_3 -"" . .
L) ¥ v" 7® measurement in same experiment allows us the study
of nuclear effect with less systematic uncertainties.
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a)

I PHENIX Data Tt
— KKP NLO
""" Kretzer NLO

E*d’s/dp’ (mb-GeV™c?)

Thermally-
shaped Soft

Production | e .
s b
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* Good agreement with NLO pQCD

v/ this is no surprise for “old timers’ (like me)
since as I just explained, single particle
inclusive spectra were what proved QCD in
the late 1970’s before jets.

 Reference for A+A and p+A spectra

v" 7® measurement in same experiment allows us the study
of nuclear effect with less systematic uncertainties.

PHENIX (p+p) PRL 91, 241803 (2003)
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E*d’s/dp’ (mb-GeV™c?)

Thermally-
shaped Soft
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Good agreement with NLO pQCD

v~ this is no surprise for “old timers’ (like me)
since as I just explained, single particle
inclusive spectra were what proved QCD in
the late 1970’s before jets.

Reference for A+A and p+A spectra

¥ measurement in same experiment allows us the study
of nuclear effect with less systematic uncertainties.

PHENIX (p+p) PRL 91, 241803 (2003)
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E. Gabathuler, Total cross-section

10 PRELIMINARY
p-p Inelastic
03<ql<3s Alo?
Ein = 72 GeV yd
G-91
A
&
10
7
Yield / Nucieus Photoabsorption
rd

3 i {
10 00

A —————

Fig. 14. The A dependence of the inelastic muon cross-section as presented by Tannenbaum (see discussion).
AGS p— A scattering data, from E. Gabathuler’s talk, [Proc. 6th Int. Symposium on Electron and Photon
Interactions at High Energies, Bonn (1973)].
O DIS is pointlike A even at modest ¢> no shadowing.
O Photoproduction is shadowed—A%"!
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Spectators
-— Participants

(=]

8 view along beam axis
looking down

* For point-like processes, the cross section in p+A or A+B
collisions compared to p-p 1s simply proportional to the
relative number of pointlike encounters

A for p+A, AB for A+B for the total rate

T ,g the overlap integral of the nuclear profile

functions, as a function of impact parameter b
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The anomalous nuclear enhancement a.k.a. the Cronin effect--
due to multiple scattering of initial nucleons (or constituents)

*Known since 1975 that

yields increase as A%, o >1
H, Dy Be Ti W
L 1 1 1
.O =T Ty T T y-. TTTTT
= [ ' i
o0 =
o F =
> F , -
o [ N
£ PP X
o!O°E /s =274 GeV 3
SR o4 PL= 46! GeV/c 3
> :/ —
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| 7 Office of
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Atomic Weight
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RW, Be

2

+
m7
n T

Eww=200 GeV

+
mTt
n T

Ewo=400 GeV

Ew=300 GeV

Ew=800 CeVv

MJT-Jamaica- March 2004

25 5.0

pr (GeV)

6 9 12

*J.W. Cronin et al.,
Phys. Rev. D11, 3105 (1975)

*D. Antreasyan et al.,
Phys. Rev. D19, 764 (1979)
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Nuclear dzNAB Idp..d
Modification R AV ( pT) — > Prah]
Factor: T,,dc™ |dp,.dn

Compare A+B to p-p cross sections

R 14 B
ARk
10F == ===
08k “Nominal effects’:
06k R,p < I in regime of soft physics
s R, =1 at high-p; where hard
041 scattering dominates
0.2
%
Tranverse Momentum (GeV/c)
P>—== Office of A4 —~—"
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Run-1: RHIC Headline News .

. January 2002

THE major dlscovery at RHIC (so far)

& | AurAuvE=130Gev|

PHENIX
Focentral 0-10% e
| m(hteh)2 ]
® Tl:o
2 r E Pb+Pb{Au) CERN-SFS
c+ax CERN-ISR ¢
A .'J'l:0 - +

p; (GeV/c)

PHENIX PRL 88, 022301 (2002)

First observation of large suppression of high p; hadron yields

Office of
Science
TMENT OF ENERGY

7
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“Jet Quenching’’? == Quark Gluon Plasma?
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NATIOV{N L LABORATORY
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Au-AU nucl-ex/0304022 Phys. Rev. Letters 91, 072301 (2003)

DU 0 spectra:
© 10 o “Prin.bias X2
- ® 0-10% x10° 5
S L e 10-20% x 107
A = e ® A 20-30% x 104
g , oo > 30-40% x 10
210 °® = 40-50% x 107
T A °®, 4 50-60% x 107
z2 L e te, * 60-70% x 107
‘s 10 A °o_° = 70-80% x 10_9
— - o A o e L " m 80-92% x10°
L
zﬁm'ﬁ meta '-.."-.
a A m_ e 4, 0.,
3] -3 A u “ ® “ A e
o 10 * A - m o s &
':_IT' * A A m . * 5 A A
-10 * A | m ®e ™
10 ¥ A, ¥ o
[ | * A o n -
1 | * A A
-12 - * A
10 - * . 4
14 " u *
e 10 = ;
Centrality "
10-16 | | | | | | | | | | | | | | | | | | | I
0 2 4 6 8 10 12
p; (GeV/c)
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_ Yield, ,,(pr)
<TAB> AuAu x Gpp (pT)

RAA

Peripheral AuAu - consistent
with N, scaling (large
systematic error)

Large suppression in central
AuAu - close to participant
scaling at high P,

I O/ P b BROOKHIAEN
» sc’ence NATIO?A“L LABORATORY
[ENT OF ENERGY

u. EPARTM,

o E ® Central =0 (0-10%)
1o Peripheral ©0 (80-92%)
141
1'2;_ Binary scaling
o VY SRR PRIV . NP
— . 8: T | [ I [ 1 [
o Factor 5
04 Lo @@
MY
v Seeete o,.ﬁHH .......

e

0

2 4

PRL 91, 072301 (2003)
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CERN: Pb+Pb (Vs ~ 17 GeV), a+a (Vs ~31 GeV) . E h
plus all previous measurements in p+A in same X range }Cr onin £n ancement

Ryn @ 0-10% Central:
2.5 I P Aut+Au \s,,,,=200 GeV
ﬂ:i - l v AmhAu \]ﬁﬂsu Gov BCMOR Collab.
- RAA ~ 2.0, A ato\s,,=31.0 GeV A.L.S.Angelis PLB 185, 213 (1987)
ol x | Pb+Pb \Js,,=17.3 GeV VA9S,
B PHENIX, PRL 88 022301 (2002)
- " D.d'E. PHENIX Preliminary QM2002
L -
g 4 + 4 ; + 7 S N scalin
B e " Tcollision g
N esmeemsennennrnnennenneenenennennennennas A
B A T N__. scalin
o5 ilee K RAANO'2 -~ part 9
I "
o L |?§ """"" *"'l'ﬁ' ﬁié """""""""""""""" I """
% 2 4 6 8 10
P, (GeVic)

Initial state effect (p+A) only depends on x, final state in A+A could depend on Vs, <
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PHYSICAL

15 AUGUST 2003
Volume 91, Number 7
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° Rep
v~ Compares Yields in
central and peripheral
scaled by N
coll
v/ Many systematics cancel
* Different parts of
PHENIX measure
different p_. ranges of &t
Enhancement in
central vanishes at
high p..
—_—
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*R, A(pp)=constant for p> 4

e do/pdpyis p8!
* Ap; for do/dp;
AE( ) 8.1-1
1-=—F2 =R, (pr)
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1-R,, (p;) = AE(p,) _ const
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Figure 5: PHENIX 7% spectrum for /s = 200 GeV p-p collisions
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prdpr

—7
X Pr

where n ~ 8,50 y|,0/7" ~ 1.2 x 2/7 = 0.34 and the factor 1.2 includes 7 — v+ (estimated).
e This assumes that e.g. one 10 GeV photon and two 5 GeV photons (a 10 GeV 7%) measure
at exactly the same energy = nonlinearity is a big experimental issue for photons.
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¢ We do this because doing the same with the actual point by point 7" and
inclusive y measurements will cancel many systematics

*  Variations: Tagging Methods (reject y pairs in t° mass window), Isolation

Methods Remove inherent background so smaller (\(/rc)expected backgrd

e Then we can compare measured y/rmt with background y/m ...
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Need l(s)ts more statistics+systematics=y-"’jet”’+thermal photons+...
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(a) » accepted events
S~ (1) o Setected conversions

From CCRS PLBS3, 212 (1974)
Discovery of direct e* at the
CERN-ISR (S.N.White’s thesis)

. . Normalized yield
~

\

for selected conversions
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PacTE VouT_F ’ o0z 006 010 o
—1-0%ea t In radiation tengths

e Probability of internal and external conversion per

- +
ey ey O t
X, N

gl v 2

where d5/2 = Dalitz (internal conversion) branching ratio per photon = 0.6% 7°, 0.8% for n — .
o Still assuming the p;™ power law for the 7% and thus decay v Spectra:

e e~ +et 2 ~
0 (pr) = % (pr) = dess X CEE >0.6%/7*=1.2x 107"

0 27 1)

T 70
e Must keep external ¢/ %Xo comparable ~ 0.6% to avoid additional background from external conver-
sions.

e But can add small external converter in test run to determine whether e~ /vy — 0 at ”Dalitz Point”
—%62/2 ~ 0.8 —1.0% in units of radiation lengths, insensitve to the n/7° ratio. Converter curve measures

@the photonic background!
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QMO02 PHENIX AuAu 200 GeV charm via e*

PHENIX Detector - Second Year Physics Run
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* Some data with 1.7 % X, converter added p. [GeVic]

* converter only affects photonic component
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* converter effect is much greater at low p, indicating
=> relatively much larger photonic component at low p
=> relatively smaller phtonic (i.e. larger non-photonic)
component at higher pT (i.e. charm)
Reduced systematic erros.
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Consistent with binary (pointlike) scaling =charm is not suppressed
Consistent with our 130 GeV Measurement PRL 88, 192303 (2002)
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from the CERN-ISR: CCOR PLB97, 163 (1980)
Jet properties given by widths and integrals of
\ same and away-side peaks

“’ CCOR--Feynman,Field,Fox-1978

12 ' -<|p0ut|>2=XE2[2<|kTy|>2+<|jTy|>2]+<|jTy|>2

_: Xg=Pr COS(JT'A(I))/ thrig

Jet Func. = Correl Func - .
— ) Pou=Pr SIN(-A9)

. PHENIX--Rak, Tannenbaum-2004
( | Pout | )2 =Xh2[2< | kTy | )2 (Ztrig>2 + ( |jTy | )2] + ( |jTy | )2

X, = Pr/ Privig

Ad Ztrig = thrig/ ijet
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Di Pion Angular Distributions <o~sfitvanr?
C o Pocae. Andice

DATA: CCOR NPB 209, 284 (1982)

QCD

/5 =624 GeV
825 <M, <9GeVic? <M, <O GeVL? T 10sM, <11 GeV/c? QCD angular distributions
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c0o5 8 - COS8 COS 9 con @
o 1 rai(Q?)
— =S a(xq)b(zy) —Z LY (cos
dxidrodcos@* s % (z1)b(z2) 20129 ( )
3% (cos §%), the characteristic subprocess angular distributions
12 -
%xﬁa Office of and o5(Q°) = = In(Q?/A?) are predicted by QCD
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Conclusions

e[t may very well be possible to find the QGP with only an EMCal
*But it’s better with electron id at the trigger (still better with muons too)
* Even better with full charged hadron identification

* So the only remaining question is:

Did we find the QGP at RHIC?
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