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Outline

Cross sections in p+p
» Charged hadrons, n%, prompt vy q
» Comparisons with pQCD expectations ﬂq
Spin asymmetry measurements with tﬁ

neutral pions 43»_;¢,}__
» Measurement of A, >

Measurements with heavy-ions

» Au+Au comparisons with p+p
» d+Au “am q‘%q —
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Present PHENIX Detector Capabilities

Designed to measure low o: PHENIX Detector , 0¢=0m=.01

v High rate capability & granularity
v Good mass resolution and particle ID
> Sacrifice acceptance

2 central arms:
electrons, photons, hadrons
» charmonium J/y, vy’ — e+e-
» vector meson p, o, p > e+e-
» high p; @, nt, 7~
» prompt photons |||

» open charm

» hadron physics
2 muon arms: muons

» “onium” Jy, v', T — u+p— |||

ZDC South ZDC North
- -

MulD

» vector meson ¢ — -
» open charm

South Side View North
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PHENIX Heavy lon Run History

Run| Year Species sY2[GeV] JLdt N, P-p Equivalent Data Size
01 | 2000 Au+Au 130 b 10M 0.04 pb! 3TB
02 |2001/2002 Au+Au 200 |24 ub! | 170M 1.0 pb! 10 TB
D+p 200 0.15pb?! 3.7G 0.15 pb-! 20 TB
03 |2002/2003  d+Au 200 2.74nb?  55G 1.1 pb 46 TB
p+p 200 0.35pb?! 6.6G 0.35 pb! 35TB
04 |2003/2004 Au+Au 200 241 ubt| 1.5G 10.0 pbt 270 TB
Au+Au 62 gubt  58M 0.36 pb-! 10 TB

UNIVERSITY OF CALIFORNIA
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+p runnin at RHIC-PHENIX

Run2: 2001-2002

— Transversely polarized p+p
collisions

— Average polarization of ~15%
— Integrated luminosity 0.15 pb-

Run3: 2003

— Longitudinally polarized p+p
collisions achieved
— Average polarization of ~27%

— Integrated luminosity 0.35 pb-"
Run4: 2004 Runb: started last month

— Longitudinally polarized
p+p collisions

— PHENIX Beam Use Proposal
> P~ 45%
> Expected L~ 5.5 pb1

— Longitudinally polarized p+p
collisions
— Polarization of ~40-45%

— Integrated luminosity 0.15 pb-
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200 GeV p+p Luminosity

PHENIX Goal 5.5 pb-tlive BBCLL1

N
PH-<ENIX

Live ZDCLL1(wide)
Live BBCLL1 (|vtx|<30 cm)

Recorded BBCLLA (|vix]<30 cm)
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200 GeV p+p “Figure of Merit” for A |
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Results from 200GeV p+p Collisions

99 99 /
e Charged hadrons %,

 Neutral pions \ ,
 Prompt photons % ﬂq

Fraction n”'s produced

D" (2) qg+gq
9

0.5
X;P :

Hard Scattering Process 0.4

: J ) 0.3

N\ T I \ y
o)

0.1 o
i
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Charged hadrons (l)

Charged particle Tracking

T hab
In|<0.35, Ap=n N:-_,. -2
Drift Chamber :DC g -
Rpc = 2-2.4 m E w0
Pad Chamber 1:PC1 "o w0 [
Rpci =2.4m B :
PC2, PC3 and RICH used for = F
background rejection e
PC3  Central
PC2

AG/G [Ye]

3 7
p, [GeVic]

v pQCD calculations consistent
with NLO pQCD calculations.

West East
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Charged hadrons gllz

N 2l ] CDF © 1800 GeV N:1022:_ G ! CDFI » 1800 GeV
O 10 ) ~ 630 GeV 3 S F & 630 GeV
% ! UA1 * 900 GeV % 10 20i UA1 * 900 GeV
A 10 © 500 GeV 4 O] ° 500 GeV
= g 200 GeV 1 = 3 D 200 GeV
e i ] 9 1018t
E 1 PHENIX * 200GeV < £ PHENIX = 200 Gev
“a -1l ISR . 53GeV ] mg_m 16 5 ISR o 53GeV
10 ¢ v 23GeV E O : v 23GeV
o ! o0 14l
T . - © -
w10 i .
. 0 12f
10 E~L]
» G101}
10 *"'% A - % . Nh=6.3 1]
R F ¥
r ' . O 8
10 b7 107 peh ',
AR oo "
- 10 °f ]
10 P _'é .. el ol 1 roa il a:
8 10° 107 10
Py (GeVic) X7 (GeWc)

Ed30: F(x,) =~ G(x,) X =2p; /s
dp  p7 Js

UNIVERSITY OF CALIFORNIA
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Scales with x; (n~6.3) at high p+
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Neutral Pions

Central spectrometer arms || < 0.35 5¢=5n=.01
» vy, 0 vian®— yy
» Electromagnetic

calorimeter (EMCal)

— Lead scintillator
calorimeter (PbSc)

— Lead glass calorimeter
(PbGI)

PC3 Central
TE
PC2 Magnet

Fraction n”s produced

qg+gq
0.5
0.4
qq
0.3
0.2 gg West Beam View East
0.1

0 2 4 g 2 10 12 p;
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1% Reconstruction

1.0 GeV/c<p ;<2.0GeV/c

50000 _ AM/M
— 8.5%

30000 |-

20000 |
10000

0

||||||||||||||||||||||||

005 01 015 02 025 0.3
GeV

3.0 GeV/c<p 1 <4.0GeV/c

5000 |
4000 |-
3000
2000}
1000§

AM/M
= 6.7%
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0L
0
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2.0 GeV/c<p ;<3.0GeV/c

25000 - AM/M

20000 |
15000?
10000 £
5000
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4.0 GeV/c<p ;<5.0GeV/c

] AM/M

- = 6.4%
400
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n® Cross Section in p+p (I)

o5 1 | NLO pQCD consistent with data
Q T . o g
G 10" within theoretical uncertainties
B0 « PDF: CTEQ5M
o 107 } PHENIX Preliminary « Fragmentation functions:
-_%10-4 — KKP FF * Kniehl-Kramer-Potter (KKP)
o - * Kretzer
W . e Spectrum constrains D(gluon—n)
Ll fragmentation function
10°
10"
10° L 12% scale uncertainty 1 Gives us confidence that pQCD can
= isnotincluded be used to extract spin dependent
o2F pdf’s.
g F : :
A HE - Same comparison fails at lower
g . = energies
Sa
0 5 10 15 20
. (GeV/ic)
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1? Cross Section in p+p (ll)

c}l 1 L D 17FT & T
o 0 bar p 540 GeV § 1016§r “~
-1k pbar p e E
>10 '} " A2 31005t -
© pp 200 GeV O 10 E %
o -2 = PHENIX S 10 1L .,
10 ¢ pp 62.4 GeV £ 13 .
= -3f = R110 o 10 Tk %
~ i o CCRS o 12F
~10 ¢ - 10 °F .
o 2 pp 52.7 GeV B 11E .
° -4t = R110 w10 F *,
=10 F o CCRS o 10101 'q'
© 5F pp 38.7 GeV LL 9F o
= [ v E706 «» 10 °7F
__0:10 © 1 8 0
~ -6 ) 0 TErJ'l? pbar p 540 GeV
E10 F . . Z 10 'k . UA2
o 7t + 10 8 pp 200 GeV
-— 10' i . 3 5E = PHENIX
. t ¢ 10 °r pp 62.4 GeV
-8f 10 4t = R110
10 °F pp 52.7 GeV
-9t - 2F = R110
10 - ; = . 10 3 o CCRS n:6 3
_10f . 10 E pp 38.7 GeV .
: L : v E706
T -3 -2 -1

0 I.II 5 10 I1|5 10 10 10 X Ge\//(;l
o 1. PO x =2p /s
B =~ F(x) == G(x) | .
P P Js Scales with x; (n~6.3) at high p+
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Prom_pt photon production

\/ Gluon Compton Dom'nates .g 0.92— pp collision at 500 GeV Compton\\l\'\l\l
» Small contamination from g -
annihilation < el PN
v" At LO no fragmentation
function - Anninitation N
v NLO Calculations are i A,

pl(Gevic)

Bremsstrahlung
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Measurement of Prompt Photons

» Obtain inclusive-photon sample
— Veto charged particles
— Impose EM shower shape

> Remove photon contributions

from hadron decays (e.g. 7°, n,
o, etc)

— Tag n’s with both photons seen

in detector

— Estimate n”’s with only one
photon seen in detector.

— Estimate contributions from n,
o, decay with Monte Carlo and
measured n spectra used as
input.

[ B | —
Yorompt — Yinclusive ~ Y decay

UNIVERSITY OF CALIFORNIA
RIVERSIDE

Prompt y

vy from other
hadrons

(M , o, etc)
(untagged)

y from =0
(untagged)

| Background ratios to all photon |

Photon components [

1-2__ ------------------------- _ ------------------------

1 1 16 1
pT[GeV/c]

K. Bawrish



Prompt photon cross-section

e e ———————————__ _____________ ——  —

(Subtraction) .
® PHENIX Preliminary Bands represent systematic errors.
3 Bands represents systematic error.
~ NLO pQCD (by W.Vogelsang) .
creaemeor | Errors on the backgrounds result in

W=1/72p., P 2pP;
P+ p at /s = 200 GeV

enlarged errors on the signal,
especially at low-pT region.

Ed’s/dp’ (pbGeV’c?)
=
|

10+
NLO-pQCD calculation
» CTEQG6M PDF.
» Gluon Compton scattering

10
= + fragmentation photon

» Set Renormalization scale

and factorization scale
pleapT92pT

_I 1 11 | | | 1 11 | 1 11 | 1 1 1 | | | 1 1 1 The NLO pQCD caICU|ation is
4 6 8 10 12 14 16 18 Consistent with our preliminary
Pi(GeVie)  measurement.
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Development of an Isolation Method

| (1)Signal(direct) ” (2)Signal(fragmentation) " (3)Background(hadron decay) |

| X % iéf
I

Isolation cut to R = \/AUZ +A¢® <0.5 =<
reduce background E (R<0.5)<E, x0.1 5
i

sum

UNIVERSITY OF CALIFORNIA
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Efficiency of the Isolation Cut

» What cause the efficiency/inefficiency?

» Event structure

— Especially, the signal of fragmentation
type will be reduced by this cut.

» PHENIX has limited acceptance and
does not cover the entire cone.

» Underlying event due to the multi-parton +/4
scattering.
» The efficiency of the isolation cut needs
to be estimated by Monte Carlo
Simulation.

» For now we compare the previous result
and the result from the isolation method
without correction for the efficiency.

<

v

+0.38rad

UNIVERSITY OF CALIFORNIA
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S/N Ratio with Isolation Cut

» The S/N ratio improves by a

factor of about 5 oo
» Good S/N ratio is important R
for future measurements. i
25:_ .......................................................................................................
| Background ratios to all photon | E
- DOl e,
L e e B e
12 ~(with isolation cut) : Isolation Cut
- 1 ) D
1k :
oscSignal l ______________________________________________________________ i
- 1[]__ ........................................................................................................
“rother+ 4 LT - Subtragtion
oaruntagged. | 4. S —l—_— ______________ method
o2F tagged... % : —l— . .
- as TCO B 1 ,_I_:_— .
00"'2|""|4"' e U|||||||||::l"f_'fh'...||||||I|||||||||
pT[GeV/c] 0 2 4 6 8 10 12 14 16 18
pT[GeV/c]
UNIVERSITY OF CALIFORNIA
K. Bawrish
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Influence of Isolation Cut

Ed’s/dp’ (pbGeV ’c?)
=)

M
I

-
=
|

10 |

- PHENIX Preliminary (Subtraction)
o PHENIX Preliminary (Isolation)

Shaded box represems systematic errors

UNIVERSITY OF CALIFORNIA

RIVERSIDE

> No correction for direct
photon loss due to isolation
cut

> Note: this isolation cut is not
infrared safe

» Nevertheless, cross
sections with and without
isolation cut are consistent.

» Suggests small contribution
of fragmentation photons,
which would be found within
jets?

K. Bawrish



Direct vs. fragmentation

» Two processes
» Direct
» Fragmentation

Direct
» Direct photon measurement

become dominant at high pT.
» The difference between two

methods is small. Fragmentation
0 2 4 6 g8 10 12 14 pf&w.:;h

Private communication with W.Vogelsang

Y Y
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Photon cross section comparison

T e T e e e e e

Comparison with existing data from p 5, s p+p collisions Vs=20-1800GeV
ﬂlﬂ -
» The cross section increases syste > ® DOp+p \s-1800GeV
18 0 P
- ® PHENIX-Run3 p: p (s=200GeV ¢ 10 - 32; WEE::;G?
) . C1 RBO6 pup Js=63GeV = s .
. . ¢ A 17 O UAT pp J==630GeV
% o u H_1J1l-:.l pep szfﬂief.. m"--'1 0 A UAT pup s=546GeV
w E70G p+p a=387GeV o M UAB Pq-F‘]E:Ed-mEV
_g- \ 'E} H A ET06 p+pls=31.5GeV L= 10"3
= 10 O §§, A UAG p+ps=24.3GeV . -::E
o ¥ NA24 pspa=23 75GeV o 15
..'g % aH ; © WATD pap 322 96GeV H 10
= t
5 " * E704 pap =19 4GeV w14
5 ; 210
10} .
13

ule iy A PHENIX
%‘ . f : d 6)//’ 10 preliminary
10 | % E+] ¢ %’ 1011

i @ 0 10
é % N (?/' 10 p+p collisions Ys=20-200GeV

} F’O@ @;L 1 Ug ¥ PHENIX-Run2 p+p \==200GeV

2 ABOG pap \e=63GeV

‘ . -
aF * R110 p1p ¥s=63GeV
%\ 1 i 10 = 2 EFO6 p+p Y8=38_7GeV
A “% E 7r ET06 p+p Y8=31.5GeV
P %2, '51,, EP EP o, 10?5— F UAG prp 8=24.3GeV
10 ¢ ?3: % “ g * NA24 psp B=23 75GeV
I I 1 1 = 1 1 1 1 | 105 B - WATOD |}+|)'{S=22.93GEV
0 2 4 6 8 10 12 14 16 18 N |
p(GeV/c) ] ]
10” 10" X
UNIVERSITY OF CALIFORNIA
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RHIC Polarized Collider

Absolute Polarimeter (HT jQA RHIC pC Polarimeters

— 5 e BRAHMS & PP2PP

PHOBQOS

7

L., =2x10%s*cm™

m

Siberian Snakes

— O

70% Polarization
50 < «/s < 500 GeV S

% PHENIX «— Siberian Snakes

@

Spin Rotators
(longitudinal polarization)

Solenoid Partial Siberian Snake
LINAC

Spin flipper

Spin Rotators

Pol. H™ Source (longitudinal polarization)

a

BOOSTER
«— Helical Partial Siberian Snake

200 MeV Polarimeter -~ ~ «AGS Internal Polarimeter

a iy |
Rf Dipole % AGS pC Polarimeters
Strong AGS Snake

B Installed and commissioned during FY04 run

B Plan to be commissioned during FYQ5 run

B Installed and in process of being commissioned during FY05 run
UNIVERSITY OF CALIFORNIA
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Proton Spin Structure at PHENIX

Gluon Polarization
AG

Flavor decomposition
AUl A Ad Ad
o - d - d

Transverse Spin

T Production A, (99,99 — n+X)

Prompt Photon A (90 —>7+X)

Heavy Flavors A (99 - cT,bb+X)

= €=

Versus

= P E

UNIVERSITY OF CALIFORNIA
RIVERSIDE

W Production
A (U+d>W" 52" +v))

A U+d>W 52 +V)

=/ B

Versus

=2

Transversity 4q:

n*,n~ Interference fragmentation:
Ar(pp— (n",7)+ X)
Drell Yan A

Single Asymmetries A,

>
Versus ‘

s

K. Bawrish



Leading hadrons as jet tags

Fractlon of 7:0 produced

qg+gq

I:l“'2'”4'”E“'EIHIDHIIE"p'T
= K. Bawrish
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A, & Background Subtraction

Calculate A, (°+ BG1) and A (BG2) independently

Arr = Tt~ 0= 1 Ny - RNJF_WhereR = Lot
04+ + 04— P - P f\"T_{__|_ + RJ\'T_F_ J L_|__

Subtract A, (BG2) from A (=° + BG1) to get A (=°)

Two photon invariant mass

250007 GeV/c) | ©¥ stat. (w

20000 Green : BG1 region 1 (1_2 /o 1151k (;(?,1%?)
15000;_ Blue : BG2 region 2-3 510k (13%)
10000; 3-4 91k ( 7%)

5000, 4-5 17k ( 5%)

% 0.05 0.1 0.15 0.2 ozswga(é)::Z 0)4
v ev/C
E;l;RE;le? OF CALIFORNIA _ X. Bowish



Gluon Spin Program has begun!

Data taken in 4 weeks in Run 3 & 4 days of 2004

Longitudinal spin asymmetry measurement at PHENIX

» Beam polarization measurement using p-Carbon CN/
polarimetry and Jet-Polarimetry

» Forward neutron production based local polarimetry
» Relative luminosity variations less than

Uncertainties improve

2.5x 104 As P2
Run Time | Int. Lum. | Pol. P*L
Run 3 (2003) | 4 weeks 220 nb~' | 27% | 1.17 nb™!
Run 4 (2004) | 4 days | 75nb~" | 40% | 1.92 nb™"

DOUBLE HELICITY ASYMMETRY IN INCLUSIVE MID-RAPIDITY NEUTRAL
PION PRODUCTION FOR POLARIZED -PP COLLISIONS AT SQRT(S)=200 GEV
HEP-EX/ 0404027, PUBLISHED: PRL 93, 202002 (2004)

UNIVERSITY OF CALIFORNIA
RIVERSIDE
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A_ (°) : Run-3 & Preliminary Run-4

Preliminary Run-4 Data from Run-3 and
3 - n0 A, from pp at\s=200 GeV Run-4 consistent:
< 0-1:— ¢ Run 4 *
-~ ¢ Run3 » Ch?/DF =5.7/4
0.05- * Combined Figure of merit of Run3
o S SR S—— and Run4 are: 1.17
x : r}} H‘ and 1.92,
s respectively
-0.1F scaling error of ~65% ——b Now at 15% » Uncertainties in Run-
~isnotincluded. 4 smaller in spite of
0 i1 2 3 4 5 6 significantly fewer
p; (GeV/c) events
pr (GeV/e) | AT, (Run 4) (%) | A%, (Run 3) (%) | AT, comb. (%)
1-2 0.0= 0.9 2.7+ 1.3 -0.92+0.7
2-3 0.7+ 1.0 -1.3+ 1.3 0.0£0.8
3-4 -1.8+£ 2.2 -1.7+£ 2.8 -1.8£1.7
4-5 9.7+ 4.9 0.7+ 6.2 6.2+3.8

UNIVERSITY OF CALIFORNIA

RIVERSIDE K. Bawigh




Connection to AG

Prelifninarv . -
<j 10 A, from pp at\5=200 GeV. GRISV-std. best fit to DIS data
0'1:_ * Combined / AG(z)dx ~ 0.7 at Q% 1 GeV?
0.05; GRSV-max 0
05 : GRSV-max
I 5
: * t GRSV AG(2) = G(a) at Q2 = 0.40 GeV?
-0.05-
-0.1- Scaling error of ~65% Data prefers the GRSV-std curve
[ isnotincluded. (and hence the gluon
o 1 2 3 4 S5 6 distribution and its first
Pr (GeVrc) Confidence Levels

» B.Jaeger et al. Phys. Rev.
D67, 054005 (2003)

GRSV-std || GRSV-max
4 points (1-5 GeV/c) || 21-24% 0.00-6%
3 points (2-5 GeV/c) || 27-29% 0.01-13%

UNIVERSITY OF CALIFORNIA
RIVERSIDE
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Major run on-going
* Run started April 19th
* Run ends June 25t

e 8-9 Physics Weeks
» Expect ~5-10 pb-1 with ~45% average beam polarization

» Status Last Week: beam polarization > 45% last week,
luminosity within a factor of 2 of expected.

A A,
0.08, 0.006
0.06; ARV Azi GRSV-std
0.04- il 0.002-
0.02; S = I 1 ______________ —
o -0.002
-0.02 —
_0_04f \Oggg { 10pb”, 50% pol
0008 651152253352 45 5
p; (GeV/c)
UNIVERSITY OF CALIFORNIA _ - X. Bowish

RIVERSIDE



Near Term Outlook

Run-6 a strong siberian snake to go in AGS:
» Beam Polarization 560% ==> 65-70%
» Luminosity expected to increase as well ~35 pb-1

Helicity asymmetry for n° at Higher p; (> 6 GeV/c) and
also relative sizes of charged pion double spin
asymmetries

M. Stratman et al.

L L1 Ll L1 L1 | L1 L1 1 L0 [ Ll Ll Ll Ll [ ]
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
p; (GeVic) p; (GeVic)

AG>O:‘>A L>A L>A

UNIVERSITY OF CALIFORNIA

RIVERSIDE K. Bawigh




Heavy lon Collisions

v

- ” PR T
¢ T
N

&¢/f

oA oMY

Ve
Bl iy
7 7 N

10,000 gluons, quarks, and antiquarks
from the nuclear wavefunctions
are made physical in the laboratory

&¢/f

Probing the excited vacuum or another
type of partonic matter

UNIVERSITY OF CALIFORNIA
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How can we study the produced matter?

QCD probe High p; quark Induced
QCD probe in out or gluon gluon
Modification? radiation?
Excited medium High p; Energy
(possible quark-gluon plasma?) heavy quarks Loss?

. ) Heavy quark
Study the QCD medium by shooting a bound states

QCD-sensitive probe through it, then
look for any modifications due to the
medium. photons

Dissociation?

v

Unknown Medium

All probes must be auto-generated

QGP and hadronic phase
and freeze-out

initial state hydrodynamic expansion

Softened leading

Hard parton

particles?

pre-equilibrium
UNIVERSITY OF CALIFORNIA
RIVERSIDE

hadronization
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Can we look directly at jets?

FERMILAB-Pub-82/59~THY
\{I.' .\ s 4 Auguat, 1982

Energy Loss of Energetic Partons in Quark-Gluon Plasma:
Possible Egtinction of High pT Jets in Hadron-Hadron Collisions.

1 Vo

J. D. BJORKEN
Fermi National Accelerator Laboratory
P.0. Box 500, Batavia, Illinois 60510 Au+Au event at 200 GeV

L G G G G G 50 G885 8 55858
ondary high-pT_quark or gluen might lose tens of GeV of its

initial transverse momentum while plowing through quark-gluon plasma
produced in its local environment. High energy hadron jet experiments

should be analysed as function of associated multiplicity to search for

this effect. An interesting signature may be events in which the hard
collision oceurs near the edge of the overlap region, with one jet

escaping without absorption and the other fully absorbed.

UNIVERSITY OF CALIFORNIA ) » K. Bowi
: . Bawishv
RIVERSIDE




Leading particles as a probe

Advantage . Leading
v Can avoid soft background in a jet ,'_“,‘;’j,'.ﬁ': ¢ [ particle
cone by letting R—0 Jet?
v Best to measure using a fine V /
grained calorimeter AR e
- Can identify neutral pions in e .

PHENIX calorimeter 8¢=6n=.01 . [*

- Fractional energy resolution
improves with increasing
energy

- Relatively easy to trigger on

Disadvantage

> Parent parton energy uncertain

|

- Will dilute determination of /
the properties of the created
state of matter \

Hadron
Jet, v

UNIVERSITY OF CALIFORNIA
RIVERSIDE
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Collision Ch_aracteriz_ation

We can vary the collision size by selecting
different impact parameter events

Different number of participating nucleons

1000
900 |o_
200 7 . Binary collisions
700 ; ——

. Spectators

600 | —o—

ZDC :
> 1 participants™* Spectators
400 L, e .o
300 [ - . .

200 .. +—-—+—.— . >

. 100 [ - - : .
Participants = 2 x 197 - Spectators N =,

0 2 4 6 8 10 12 14
Impact Parameter (fm)

UNIVERSITY OF CALIFORNIA

K. Bawrish
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PHENIX 7% spectrum in p+p collisions

TR
v What should we compare these © o \j® hep-ex/0304038 @)
. Q

results with? & .

- Start with baseline that Au+Au is & t pHENIX Data
incoherent superposition of N+N 2 i — KKP NLO
collisions o o — Kretzer NLO

- Scale p+p collisions with number N o
of binary collisions o

v" PHENIX has measured the o [0S/ normatization :
neutral pion spectrum in p+p at Wb

200 GeV. 20 - I )

Acloc (%)
o

v' Results consistent with pQCD
NLO calculation

IIIIIII I I
N

(Data-QCD)/QCD
o ] B O N Ry
LILI LI LI l 1

0 5 10 15
pr (GeVic)
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n0 spectra in Au+Au at 200GeV

Peripheral Collisions

v PHENIX (Run-2) data on =°
production in peripheral
(70-80%) collisions

v Consistent with N+N, as
measured by PHENIX,
scaled by number of binary
collisions

Scale p-p data by the number
of binary collision in central
peripheral collisions.

N70-80% _ 19 3+4.0

collisions

UNIVERSITY OF CALIFORNIA
RIVERSIDE

—
=

—

127 N, 1d Nidp dn (GeVic)

= |

al

al

al

TC

O » 7°@ AuAu 200 GeV [70-80%]

¥ 7% pp @ 200 GeV [Ncoll(70-80%) scaled]
. Uncertaintyin N __, pp scaling

’—Y—
PH~ENIX

Scale(? NN

Y,

Peripheral

=

Phys. Rev. Lett. 91, 072301 (2003)

2 3 4 b 6 7 8 9
1% p; (GeVic)
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n0 spectra in Au+Au at 200GeV

Central Collisions

v' PHENIX (Run-2) data on =°
production in central (0-10%)
collisions

v' Clearly lower than the scaled
N+N collisions

- Factor 6 at p;=6-8GeV/c.

v At least qualitatively this is

what we expect from energy
loss in a dense medium.

Scale p-p data by the number
of binary collision in central
and peripheral collisions.

N21% 975+ 94

collisions

UNIVERSITY OF CALIFORNIA
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o]

p,dn (GeVic) Z
- = =
|||||| T |||||||| TTT

cI
I

= 1
12~ pL;JM] d"N"/d
| M3

10 |

» 7% AuAu @ 200 GeV [0-10%)]

¥ 7°%pp @ 200 GeV [Ncoll{(0-10%) scaled]
- Uncertaintyin N __ pp scaling

"V\i—
PH”~ENIX

Scaled NN

../ii

Central

0

Phys. Rev. Lett. 91, 072301 (2003)
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n0 yield in Au+Au vs. p+p collisions

— 18r
o [ ® Central n° (0-10%)
§=1'6:_ Peripheral ©° (80-92%)
> 14f
!-.-__; L
212
O L
2 NSRS ISR ERVUION U L opeccaacaann binary.scali
s 1t ! I T ] { [ . y-Scalng
[ N
::"DB:_ || | J 1 | | " 80-92% et
060 e
; O -1 O 06 [
04 - Q é C@_sJ Published by The American Physical Socicty
- e
0.2 eeecs §Q§+++++ ....... | .
B Discovery of high
B | ] | | | | | | ] | | | | | | | | | | |

% 2 4 6 8 10 P+ suppression
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Hard sca_ttering_ processes in p+A

o(pA - hX)~f, (x,)®f (x,)®c“"(5)® D, (2)

The structure functions and fragmentation function can
effectively be modified due to nuclear effects such as:
“Cronin”, “"shadowing”, saturation, and re-scattering.
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Raa VS. Ry, for Identified 7

2———
Y [ I I I L
18 ; e R,, - dAu min. bias (PbGI) \(Sn=200 Gg\!_f
16E ® Ry, - dAu min. bias (PbSc) E
1'4 - 4 Ry, - AuAu 0-10% central i -
= ¢! 3 Initial State
1'?; d+Au ! ] Effects Only
08 & | =
0.6 f_ neutral pions + ? _f
0.4 A = R .
= A baaahd L, }A 7 Initial + Final
0.2 - Au+Au ? é f ﬁr J State Effects
D [ I R el | ! '
0 "I 2 3 4 5 5 7 3 9 10
Phys. Rev. Lett. 91, 072303 (2003) p; (GeVic)

d-Au results rule out CGC as the explanation for Jet
Suppression at Central Rapidity and high p+

UNIVERSITY OF CALIFORNIA

RIVERSIDE K. Bawigh




Jets thr_ou h anqgular correlations

Jet correlations in
central Gold-Gold.

Away side jet
reappears for
particles p>200 MeV

PH ENIX
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“Direct” photons in heavy-ions

%

T

w

_ Thermal
Fragmentation Induced Radiation m°
Prompt
N\ Y, QGP / Hadron EM & Weak
o Gas Decay

High-energy

counts these
N -

—

High-energy nuclear
counts these
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Schematic Photon Spectrum in A+A

Central Au+Au at RHIC

log scale
\
-ET Advantage in central A+A
% thermal: € at RHIC:
= I Decay photon background
C strongly reduced due to =’
% ~10 GeV/c suppression
C l
al
1
hard: —
- pT

3-6GeVic P, (GeV/c)
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Binary scaling - direct photons

An2[ |

Important test of QCD 45

and initial state 0-10% Central Au+Au \[s =200 GeV

—_ 1+{Tpﬂcn XN_) /Ty Vogelsang NLO

T
=
3
» On|y interact % == 14 oep XN} / Voigy Mazaie = 0.5, 20pr
l t t. ll nl:in 3.5 1+{T'ﬂ:n XNy I{TF‘F bhgd X N_,) .".
electromagnetically s
» No interaction with % +
medium E :
2
° o E
Observation: x
= 15 =

» Ngo Scaling relative to
PQCD calculation is

PHENIK Prellmmary

[} l” ] ]
%)
IIII|||I|IIII|IIII|IIII|IIII|IIII|IIII

consistent with data e B S — TRET
within errors. p; (GeV)
10'2“E “’w

20 by 0-92% x 107

107 |

0 2 4 6 8 10 12 14 16 18

Py (GeV/c)
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Comparing to n%s

g 2 @ photons

3 0

o T

S 15 Y

A PH-<ENIX
2

3 1 -
o

n
| T 1T 1 | I 1 g
[~ -
—{¥
.
.
/
1
1
[
[l
—
[ —
—
—
—

lIlllllIllllIIIIIIIIIIIIIIIIIIIIIIII
0 50 100 150 200 250 300 350

participant

» n9%’s suppressed going to central collisions
» Direct photons consistent with N_,,, scaling

> ¥ suppression caused by medium created in
A+A collisions
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Baryons Are Different

p/r ratio in central Au+Au
substantially in excess of
expectations from jet

fragmentation (~.25 at high pr). Baryons are not

PHENIX PRELIMINARY
5 Au+Au/d+Au/p+p \s = 200 GeV suppressed, mesons are.
£ " [ pr NOT FEED-DOWN CORRECTED -
S | TERETATRIY . o -
4 Central TAU4AU 0-57 ] [ O Q-10% -
1.5 b ¥ Peripheral Au+Au 60-80% . 2- I%E 40 - 92% —
' - {‘ : i 0 :
1 1.5_— © T ]
A iy N 1
1H it - 1: ]
A Mhssssssssss sl mntin - - === == == - - -
at - f. ‘H‘} t % i
A " . Ll
B a 4 0.5 f*’@ +& +§+ o) .
0.5 B ‘=:@x iﬂ; tﬁi +,d'*;§ﬁ % + - E © 000 o @ QE
- '-"3 . o - [ PR I S T S N SN S S SN MR SR B l Loy ]
**Ifz N R R R R N
0 | L | p; [GeV/c]
1 2 3
p, (GeV/c)
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Recombination

The (normal) /n vacuo #
fragmentation \% +§
of a high momentum quark ;
to produce hadrons - @D D a — > o —
competes with the (new) /
in medium recombination & N

/ﬁ (@) Hadronic Jets%

of lower momentum quarks
to produce hadrons

Example:
» Fragmentation: D, ,(2)

— produces a 6 GeVic n
from a 10 GeV/c quark

» Recombination:
— produces a 6 GeV/c nt
from two 3 GeV/c quarks
FIG. 1. Schematic conception of contrasting hadroni-

— produces a 6 GeV/c proton _ . v .
f th 2 GeV/ k zation mechanisms for (a) a superposition of hadronic
rom inree evic quar S jets and (b) a plasma with a jet caused by a fast quark es-

caping.
Lepez, Parikh, Siemens, PRL 53 (1984) 1216
= K. Bawish

@ (b) Plasma with Jets
¥
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Charged Hadron / rt°

o
B
N 3
: Unidentified charged
C 25 + + + + 1 4 % hadrons can be
e, + + measured up to p,.=9
= Lesteshpantlel | GeVic
1.5
1 + Ratio above 5 GeV/c similar
M Central for
0.5 ® Peripheral » central Au+Au
o » peripheral Au+Au
— et 1 1 .1 . 1 . rWM@J_
2 0 » ptp
I-ICJ 0.3} —— Absolute Normalization Error
e N Relative cen./per. Normalization Error .+ This implies that p/x ratio
5 ° /_/ goes back to “normal”
g 0.1 e value at h/gh Py
6 0 ——t——t——t L
=Z 0 1 2 3 4 5 6 7 8 9
p; (GeVic)
UNIVERSITY OF CALIFORNIA
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RIVERSIDE



X

scalin

in Au+Au

~— 10 T T T T T T T ] | L ] |
x n(x;) for n° - n(x;)forh +h"
c 9 > 0-10% & 0-10%
60-80% | 5 60-80% :} |
B_ O () T il O b %%‘1} EL :l;- _
- v 1 Www
61~ i +F : % rfﬁ-r--aﬁ---- -
- T 1 1L || i
# I L L1 |
5 —r q] LA
. | ﬁ S
4+ — - % —
2_ JE R B 1
ey I R TR KT N S ST SN N
0 0.01 0.02 0.03 0.04 0.05 006 007 0 0.01 002 0.03 0.04 005 0.06 0.07
X, Xt

» 70 x; scales in peripheral and central Au+Au with same value of n=6.3 as in p-p

> (h* + h")/2 x; scales in peripheral same as p-p but difference between central and
peripheral is significant
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Summary and Outlook

» pQCD calculations are consistent with our measured
cross sections.
» Provides foundations for spin and heavy-ion program

» The longitudinal spin program is well under way

» High p; particles are sensitive probes of the
produced media in Au+Au collisions.

» Starting with this years p+p run we will have far more
statistics.

» Running at additional energies is foreseen.

» PHENIX plans upgrades that will enhance this
physics: a nose-cone calorimeter will allow
measurements n~3, muon trigger will facilitate our W
measurements, and a silicon tracker will enhance our
heavy-flavor program.
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n=5.1 works better for x;> 0.2

S T T
910k
2 10 1%k ®,
O] 15F
:—:1014? *,
€ 10..F "t
o 10°F
210 °F
=2 10 r
210" -
Ll 9f N=6.3
™ 108r
w C
» 10 ErTEO pbar p 540 GeV
= 10} * UA2
6F pp 200 GeV
10 ] = PHENIX
10 °F pp 62.4 GeV
10 *E 5 BeKs
10 3r pp 52.7 GeV
10 %k = B
10 pE‘E?oa
1 E 1_3 e —
10 10
UNIVERSITY OF CALIFORNIA
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n=5.1

+ UA2

pp 200 GeV
= PHENIX

pp 62.4 GeV
= R110
o CCRS
pp 52.7 GeV
= R110
o CCRS
pp 38.7 GeV
v E706

pbar p 540 GeV
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x1 scaling of direct y in p+p

18
H1D E — =
::i, g :‘1_, 1 UIBE p+p collisions Ya=20-1800GeV
= 101?‘_ ~ E ® DO p+p (s=1800GeV
& § g 1013— U] CDF p+p ls=1800GeV
r F - E B UA2 pip s=630GeV
24 DIE-=— o 17t O UAT psp /5-630GeV
- 3 o 10 & A UAT psp 8=546GeV
T g A UAS pip \5-24.3GeV
] = b =
L*) C 2 15F
10"L 410 F
% - R
1o 10°F
10 10" 2
= E
ot £ PHENIX % ¢
3 10 | . . )
: E preliminary
11
10 = % E704 pap \s=19.4GeV 10 E
- 0 WATD p+p[s=22 96GeV 10 -
1 Dm;_ v NA24 pap5-23.75GeV 10 = p+p collisions \s=20-200GeV
= A UAG paps=24 3GeV 1 09 = ¥ PHENIX-Run3 p+p \5=200GeV
o & E706 psp5=315GeV EE & RBOG psp x_s:ﬁaeev
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Scattering processes in polarized p+p

R ANGI97w (g)
™ ™
c -6 _Ac_. Ag(X,) o, AQ(X,)
A, A = = =a - X X
LL GTT N O'N o . (g —qy) 9(x,) q(x,)

s

UNIVERSITY OF CALIFORNIA

RIVERSIDE K. Bawigh




Semi-Inclusive o Au+Au

101 1T T 1 | 1T T 1 | T 1 T 1 | 1T T 1

= = 1 1
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What about P

Bremsstrahlung contribution (%)

-
=]
o

calculation by W. Vogelsang

£ NLO pQCD:

direct y in p+p at \s = 200 GeV

N

direct

Bremsstrahlung

v
'

L Y

2 4 6 8

Bremsstrahlung contribution large
Modification of Bremsstrahlung contribution expected in A+A
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p; (GeV/c)

_hoton Bremsstrahlung in A+A ?
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Bremsstr_ahlung Contribution in A+A

Jeon, Jalilian-Marian, Sarcevic,
Nucl. Phys. A 715, 795 (2003) Zakharov, hep-ph/0405101

- Au+Au s = 200 GeV
' RHIC

direct y

UBE//"_" i
0.6%

without induced ]
gluon radiation

0.4}

direct y R,,(p; )

with induced gluon radiation

10 20 30

p; (GeV)

Quark energy loss in QGP reduces bremsstrahlung contribution in A+A

However, this is compensated by induced photon bremsstrahlung in QGP
(according to Zakharov)

Net result: direct photon R,, > 1 at high p;
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