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Day-1 Physics at RHIC

RHIC Winter Workshop at LBNL

Not a conference summary
Not a “review” of Day-1 Physics

Roughly: a review of my prejudices
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Workshop Themes

e From http://www-rnc.lbl.gov/irww99.html :

Prospects for Year-1 Physics at RHIC

1. Initial Conditions
2. Collective Behavior
3. Flavor Dynamics

e From the agenda :
1. pQCD
2. Flow, Flow, Flow, Flow, Flow, Flow, Flow
3. Flavor dynamics
4. Exotica
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CERE RHIC Site

e Precision
in ring
surveying is S=e) S-S o082 100U o 0
outstanding

e Accuracy
couldbe |
improved... |

e Credit: MS | - A
? Server
Terraserver
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Why RHIC is Grand

o It’s dedicated:

(~ 37 weeks per year of running)

o It’s flexible:
a All species from protons to Au colliding with all
species from protons to Au

a Energies from ~ injection to 200 A * Gev
o It’s a collider:

L Cente_r-of-mass stays put when energy is varied
o It's diverse:
Four complementary experiments with

¢ Common event characterization (ZDC’s)
¢ Common channels (e.g. ¢ to K*K")

e It’s (almost) m[lable.

= Can say ~now:
¢ RHIC: 6 months

¢ LHC :6 years
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—rrc> The Other Side of Grand

el

e Much of the interesting physics is luminosity
limited
e (Single-species) colliders can take years to

(b Integrated kiminosity seen by experiments from 1993 to 1998

reach their full luminosity: o T
(Mike Tannenbaum) FN AL —amat
; (Steve Holmes) I 1.00E+30 / '
ur'w‘“ . _ . /u l .

: & Physics 83 Zo et e S f it
i & Physics 54 Zo 3 fa' L
(] ——Prysics 85 Zo, 8570 Gev _ jp LEP ;
H e Pryscs o8 80.5- 88 Gav [roiei ,ﬁ"v _ ¢

—o—Physics 97 91- 82 GeV

120 4+
tea 4] ——Prvscs 98 94.5Gev fr’ 5

4
iy S TR - L T ey

(]

Fig. 3 400 Tosinesity periag ghysice vens: loan-?'lﬂ}'--_rtnt 152 saperisent

te be cospleted. T101; mawisan Iwsisssity » 1.3 ¥ ) ‘}r'- » . 0¥
Highest lwmioesily schiewved for physics (REET) » 1.4 % % Sl M

W.A. Baje




Experimental Status

Timescale Probe STAR PHOBOS | BRAHMS | PHENIX
e All four T Coltes ot Seaiecic
Single jet via leading particle trigger? yes
experiments oton + ineger? for
jet + jet > 5 Gevlc

will be ready

De confineme nt F‘wm“
with a rich Ay y screcning s

[Y (non)screcning yes

Day'1 Chiral Restoration ow-M
¢ 10 KK ¢ to KK ¢ to KK yes

program. _-7¥ | e I

(Charactemt'on QGP The malization B;m
20

by Glenn Young, yes
fcontinuum direct; very soft yes
as modified by |
QGP The rmalization
WAZ') |non-res onant: 1-3 GeV yes
Isol continuum, <1 GeV yes
QGF Themaiicaion hers Qead Pradactin
n charm w/SVI? e-mu?
® -Naae Of the Jopen chamn via single lepton ¢ or mu
|
four Madronkation
T bterferometry, x/K yes low pr large-y yes
experiments Jravgeness production: Ko | yes | dowpr | mey | yes
fspectra of identificd hadrons yes low pr large-y yes

will be whole

|
in Year-1 i IF"""""""E,. s T e T e T e
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CRHEIC Initial Physics

e As noted by many speakers: Rates are large:

e Assume:
a Luminosity is 1% of design Ryg ~ 10 Hz
a dn/dy ~ 1000
e Then calculate production rates for ~all
species in Ay =1:
Q Pions: ~500 /chargel/event/Ay » 5.0kHz

Q pln~0.5 » 2.5kHz,
| B(e*e)=5x10° =» 0.1Hz
0 Kaons: K/t ~5% » 250 Hz
Q Protons: p/K~1 » 250 Hz
Q Phi’'s: ¢/ K"~ 0.1 » 10 Hz (KK)
B(e*e)=3x104 =» 20/hr
0 Highp;:>5GeV~5x10° » 0.15 Hz
Q JIY’s: Bdopp/dy ~ 40 nb,
A2 ~ 20,000, » 5/hr

pT (GeVk)
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Example of Year-1 Physics

Measurement of hard w0 g
processes: : [PHENIX Rare Event Capabilities |
‘2 General: an auto-generated | "} Gumrat 0% of A-Au svent

* : \ | 1/2 of one arm
plasma diagnostic ' G
0 Specific: Prediction that 10000 ¢ e
dE/dx in deconfined phase - | e _
~10 x larger than normal o 10004 [Quenched
nuclear matter 3 : i
¢ BDMPS, Nucl. Phys. B483, g 100
265 (1997) 5 |
Nucl. Phys. B484, © 1
291 (1997) L
' Measure high pT nO,s’ 'Y/ no, 1 -" .-; E:l:ct Photon _. il
3 Will measure 0 e
’ With an Open tl’igger 2 3.08 416 5.24 6.32 7.4 8.48 9.56 10.6 11.7 128 |
pT (GeVic)
¢ study as a function of

centrality
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CBHEIC Leading K " as a Gluon Probe

2 “High py K*/t* Production in p-p Collisions at the ISR:
Strangeness Suppression and Gluon Effects”, A. Breakstone et
al., Phys. Lett. B135, 512 (1984).
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e PHENIX has good PID capabilities for K- :
e Perhaps takes on additional sugnlf icance in a medium whlch

enhances strangeness...
e Anti-proton “backgrounds” to K- are good (B.A. Cole)

o 2
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Flow at RHIC

RQMD(v2.4) 100GeV Au + 100GeV Au
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Rapidity

Dashed lines: STAR TPC acceptance

« Directed Flow - V}

- Nucleon “Antiflow” around mid-rapidity
— Very small values for pions at mid-rapidity
- Opposite flow of pions and nucleons at beam rapidities

« Elliptic Flow - V;

- In-plane emission of both nucleons and pions
- Larger signal for nucleons

RQMD (v2.4) predicts signal similar to observed at SPS

RHIC Winter Workshop Sergei Y. Panitkin LBNL January 8th 1999



CEHIC Flow

e Good news:

2 PHENIX has the first
installed detector
components at RHIC

2 They’ve already
discovered flow
e Bad news:
a2 It was true hydro

2 Many co-movers in
transport

2 Persisted to final state
e Fervent hope: o

“Some day we’ll look
back on this and it will
all seem funny”

-- (The Boss)
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Initial Conditions

e Distribution functions:
Be prepared to:
Q measure in situ
0 adjust as necessary

e Partonic cascades
a Essential mission of RHIC:
a Demonstrate that most of entropy is generated at
partonic, not hadronization, level
a Clear case for penetrating probes
e Tools at hand:
v High py single particles (hadrons and photons)
v’ Angular correlations of same
v Flavor tagging of same
% Jets
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\Oﬁmb Charm Production in AA /
Scaling from pp to AA

(shadowing on nuclear structure function will be discussed later)
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= Fﬂmm open charm production at RHIC!
For an average central Au + Au event:

/ 2.2@ 0) = Hi@ * 0 ~ 10 \

RWW’99, 1/9/99
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e
CRHIC, > Flow

¢ Radial:

a Will (continue to) be a very large effect

0 Essential component to understanding spectra at
RHIC. |

e Directed:
a Already small at SPS
0 Almostirrelevant at RHIC

e Elliptic:
a Zero for truly central events (at any energy)

als it

¢ A necessary evil for understanding events with non-
zero impact parameter?

Or

¢ An essential tool to our understanding of
EoS+(time evolution) of (non-isotropic) initial conditions?

o My prejudice:
Effects of elliptic flow will be small at RHIC
09- Jan-95 W. A4, Baje



0p (Mb)

F, (MeV/c)

V2

T (MeV)

Much of available data on heaviest systems
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Flow at RHIC

RQMD(v2.4) 100GeV Au + 100GeV Au
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Dashed lines: STAR TPC acceptance

« Directed Flow - V3

- Nucleon “Antiflow” around mid-rapidity
- Very small values for pions at mid-rapidity
- Opposite flow of pions and nucleons at beam rapidities

. Elliptic Flow - V5

- In-plane emission of both nucleons and pions

- Larger signal for nucleons

RQMD (v2.4) predicts signal similar to observed at SPS

RHIC Winter Workshop

Sergei Y. Panitkin

LBNL January 8th 1999
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“Flavor” Dynamics

. End of Day-1 (sample)
o dN/dn
Q <py”
0 dE¢/dn
o charged/neutral ratios
o Start on fluctuation spectra

e End of Year-1 (sample)

o ldentified n/K/pl... spectra

o “HBT” for above

0 <py> vs. mass

o hadro-chemical analyses of above

0 ¢ to KK

a low-mass vector mesons

o Pion (charged and neutral) py spectra to > 10 GeV
o Extensive E-by-E (e.g., R,y vs T)
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Effects of Hard Processes

The Petore Haf starkd 77 atl .
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Time to Physics

I7 Ocvosen 1588

o V7 =630 sad 1909 GeV

PHYSICAL REVIEW LETTERS
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e Much simpler final state!

» We will be hard-pressed to

maintain “CDF-like” rate

reach this goal
» And much harder-pressed to
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CREIC Exploration Path

e We will have to choose wisely how to proceed
in the first years of RHIC running:
o Study A-Avs.A?
Q Study p-A vs.A?
a Vary energy? (for all A-A, p-A combinations?)
Q Increase luminosity/running time?
o Continue building/installing?

e Please keep in mind:
- Q Early analyses will be crude
a Patience is a virtue

e Most desirable:

o Coordinated, collaborative effort based on

¢ Experimental conditions
¢ (Updated!) theoretical input
0 Balance of rigor and vigor
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“Exotica”

e Spin physics
0 Not exotic at all
@ Fundamental
Q An integral part of the program

e Peripheral production

Q7Y
QyP
Q 2P

e CP violation in hot QCD

o Again, fundamental
0 Again, directly related to program

» An embarrassment of RHIChes
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REIC

e RHIC data are
0 complex

0 intrinsically different
from p-p data

(Many particles in phase
space)

=» We need much better

tools for visualizingthese
data to understand

0 Time evolution
0 Lorentz properties
0 Flow
0 ..
e Also a criticalfeature of
effectively

communicating resulits to
larger community

09-fau-98
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EVENTWISE SIDEWARD FLOW AT 1 AGeV
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Ancient History

The interest in “RHIC”
physics has been with us
for some time:

E.g., from 5th High Energy
Heavy lon Study, May

18-21, 1981 (LBL).\

T

e BUT,in1981:

0 Limited opportunity to
test experimentally

a Limited community
0 Limited analyses
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CRHEIC, Closing Thoughts

e This is the last RHIC Winter Workshop without
RHIC data!

e It’s not the start of a new machine--
e It most definitely is the start of a new era:

0 In “nuclear physics” at BNL

0 In the exploration of QCD in statistical systems

0 Ininvestigations of the spin structure of the proton
0 In study of exotica

e Many many thanks to Nu Xu for his efforts in
organizing this meeting.
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