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BRAHMS at RHIC

e I‘!i The three first years:
- % Au+Au at Vs, = 130GeV
T at \sy,, = 200GeV

at Vs, = 200GeV
at Vs, = 200GeV
at Vs, = 62.4GeV
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BRAHMS

road RAnge Hadron
agnetic spectrometer

Two small solid angle
spectrometers (FS and MRS)

provide excellent PID over
broad range in y-p-
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Charged Particle Multiplicity
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BRAHMS
3

According to
Bjorken,

QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.

£>5GeV/fm3

Temperat

1 ¢
Nuclei

et Baryon Density
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3

Particle Specitra

After appropriate corrections, we combinine all data sets to obtain
final invariant yields over a broad range of rapidity and p
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Top 5% central collisions

BRAHMS
W
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Aty ~ 0, dN/dy is
~ 300 (300) for nt* ()
~ 47 (44) for K* (K")
~ 27 (20) for p (pbar)

N(w) >> N(K) > N(p)
N(rc*) = N(1-)

Integrated multiplicities
(Gaussian fit)

N(rt-) ~1780 N(mt*) ~1760
N(K*) ~ 290 N(K-)~ 240
N(pbar) ~ 85

0 1 2 3 4 5
y
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Proton & antiproton dN/dy (5%

central)
30 - protons
- ) e p
P 2 nucl-ex/0312023
25 ~ # o + m p-bar
- o
> 20 L )
Z 15— - .
=) n -
10 5 4 g -+
- antiprotons -
50 &
- I I Ll | | |
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“Net” Proton= proton - antiproton
dN/dy (5% central)

305_ protons > p nucl-ex/0312023
25 :_ > & a0 %lf ] p—bar
- A e net-protons
> 20
2 H . O
Z 15 antiprotons _ )
= n ﬂﬁ —o—
10 D T
-3 e
°F " net-proton "
L | | | L1 | | |
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RHIC vs. AGS,SPS:

80

(-

dN/dy net-protons
& I~
|

-
|

A AGS (E802,E877, E917) AGS ¥p
— W SPS (NA49) |

@ BRAHNMIS
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BRAHMS
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nucl-ex/0312023

AGS : high stopping
RHIC: more
transparent



Net Baryon dN/dy

dN/dy net-Baryons

Calculate
net-baryon
distribution from
net-protons (and
y=0 yields of

A, and Hijing...)
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Rapidity loss: gaussian in p

dN/dy net-Baryons
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BRAHMS
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Rapidity loss: 6th order polynomial

dN/dy net-Baryons
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Total AE=25.7+2.1TeV
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BRAHMS
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Even
(unphysically)
extreme
approximations
don’t change
conclusions:
scaling broken,
large energy
available

Total AE=25.7+2.1TeV




*BRAHMS
Energy Balance...

e Fit 7, K and p distributions (dN/dy and (my) vs

y)
= total energy of 7, K and p
- 3108  Assume reasonable distribution
. 428 for particles we don’t detect (n%n,A...)
: 1628 e Calculate the total energy...

093
: 5888
: 6117

Eota = Z D‘ (lel;l<mT>COSh(y) dy}

specie

sum: 33.4 TeV
produced: 24.8TeV

of which =25 TeV are

NB: the method is very carried by produced
sensitive to the tails of particles.
the dN/dy dist. (+10-15%)
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BRAHMS
3

Where is the energy?

=9TeV in
produced
particles
in the
covered y
range
-3<y<3

=
—
—

T T
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=
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* BRAHMS
Transverse Flow... =

Transverse flow
roughly constant
over =2 units of

rapidity.
“blast-wave” fit
parameters
Points: BRAHMS Data confirm this.
Curves: 3D Hydro (Hirano)
Histos: AMPT
28. Juni 2004 INPCO04 Géteborg, Sverige 17
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BRAHMS

Strange to non-strange meson
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Depend strongly on baryochemical potential
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BRAHMS
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Strangeness with Kaons

I.I.B (T=170MeV)

-
1.0 I_i"I)S 1%7

RAPIDITY DEPENDENCE

Y <1 : consistent with

Hadron Gas Stat. Model 0.8
K*/n*:15.6 + 0.1 % (stat)

K-/ :14.7 + 0.1 % (stat)

[Phys. Lett. B 518 (2001) 41] K-

K+ 0.6

® BRAHMS (200 GeV)
¥ BRAHMS (130 GeV)
NA44 (17 GeV)
NA49 (9,12,17 GeV)
* E866 (5 GeV)

—— Becattini et. al
------- K7K* = (p/p)

0.6

Divergence at highery :
Associated K* productio

No single source with 0.4
unique T and pg

BRAHMS, PRL90 (2003) 102301
T~constant, pg varies withy | -

0.8

28. Juni 2004 INPCO04 Goteborg, Sverige
|.G.Bearden, Niels Bohr Institute



BRAHMS
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Jets at RHIC

Find this..........In this

And, in BRAHIVI, we on
/'see” this much...
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BRAHMS

Characterize “high” p+ by
single particle spectra

~— —
n=v J5 200GV n=ZoZHIH}m=EDDGEV
Autba, d+HAu

(h™+h7)/2
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BRAHMS

Nuclear Modification

Quantified by: Jet-quenching

d*N*®/dp,dn energy loss of high momentum
particles in the dense medium due to
- gluon brehmestralung in the

- yield relative to that from EC)'gfed_ medillJ_rr;
N+N collisions, scaled for | ~"acronic multiple Y

tteri
the nuclear geometry (N,;,) SeaTEing [ ]

. . /
- Cronin Enhancement | =suppression of
leading hadrons

* Shadowing/Saturation _ ay+ay at Vs, = 130GeV and 200GeVv
o - next: energy+rapidity dependence

R —— — ~ "~ -Fr=t
(N ) PN/ dpain

28. Juni 2004 INPC04 Goéteborg, Sverige 29
|.G.Bearden, Niels Bohr Institute



BRAHMS
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g "r|:|| 1 ﬂ::: :
e | el T Tttt il To look at ‘only’ data,
= T f form ratio

= il -} _._—.—_._ -
g 0.5} /—“- e T s —— =R¢p(M=2.2)/R,(n=0)
Y L 4L AL i
g T T T N T T T T T T T T O I I I | |::| T N T N T T T N T T T T T T T T T Y T AN 15__ Au_l_}\u __
S --m+++++++ b 4—{-‘
' T f
% 1k _J'F t T ,.-'+ ] . I 'I'"'H++_+_ """""""""" ]
L Y X +
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Arsene et al.
PRL2003
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* BRAHMS
d+Au Nuclear Modification n =0 =

s dtAu (MB) .
High p; enhancement

observed in d+Au collisions
at Vs =200 GeV.

+ AutAu (0-10%0)

L

Comparing Au+Au to d+Au
strong effect of
dense medium

O
—
L
a4
L
c
o
=
s
]
e
= 1
o
-
= -
R
O
=z
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BRAHMS

Cronin enhancement at n=0
- the “null” experiment that ruled out initial state
effect as explanation for Au+Au suppression

submitted to PRL

Increasing suppression for n—3
- window to the low-x partons in the Au nuclei (Q;~Al3e-®)
- consistent with CGC prediction See D. Rohrich

after Coffee
28. Juni 2004 INPC04 Géteborg, Sverige 25
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BRAHMS
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one week of 62.4 GeV running...

New BRAHMS results
No RHIC p+p running at this energy:

E BRAHMS preliminrary - what should we use as reference?
[ e o
3 s AutAu \s,,=062.4GeV
= ‘_‘_ - . ._
= A '1'1 o p+p reference spectrum | :’::—
— g A TV 3 ,— . ot
i - B R T k- k- 5.\1.\ = 62.4 GeV N
© | A a s 102 L4
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= 0 -l ) Alper et al. Nucl. Phys. B100, 237 (1975) AL
E 10-20% (/3) 107 g ea s 0.2
s "J[ _4[]“ 5 + E d} Breakstone et al Z. Phys. C, 55 (1995) _
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BRAHMS

Raua, at Vsyy = 62.4 GeV

Nuclear modification factor R,,,, Enhergy dependence (SPS—RHIC)
- different centrality classes p=3-4GeV/c

:

RHIC central combined
N BRAHMS prel (0-10% (n=0.9)
“E PHOBOS 0-6"% (0.2= 1| ‘1.4)
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BRAHMS

Conclusions

* High energy density = High p; suppression

= 70% of energy persists to high y in
available for particle AutAu
production = More saturationasy

= Source (nearly) same increases in d+Au
over >1 unit rapidity * Gluon saturation

» 63 GeV data: climb describes data,

though not uniquely
= Lots lefttodo...

the K/TT
“matterhorn”?
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BRAHMS
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The BRAHMS Collaboration

- 12 institutions-

I.Arsene'0,l.G. Bearden’, D. Beavis', C. Besliu'?, Y. Blyakhman®, J.Brzychczyk?,
B. BudickS,H. Baggild’ ,C. Chasman’, C. H. Christensen’, P. Christiansen’,
J.Cibor4,R.Debbe',J. J. Gaardhgje’,M. Germinario’, K. Hagel®,

O. Hansen’, H. Ito', E. Jacobsen’, A. Jipa'?, J. I. Jordre9, F. Jundt?
C.E.Jorgensen’, E. J. Kim5, T. Kozik3, T.M.Larsen'2, J. H. Lee!, Y. K.Lee5,

G. Lovhgjden?, Z. Majka3, A. Makeev?, B. McBreen', M. Murray®, J. Natowitz?,
B. Neuman!,B.S.Nielsen?, K. Olchanski!, D. Ouerdane’, R.Planeta4, F. Rami?,
D. Roehrich?, B. H. Samset'?, S. J. Sanders'!, I. S. Sgura'?, R.A.Sheetz'!: Z.Sosin?3,
P. Staszel’, T.S. Tveter'?, F.Videbaek'!, R. Wada2 ,A.Wielochs3,Z. Yin®

1Brookhaven National Laboratory, USA, 2IReS and Université Louis Pasteur, Strasbourg, France
3Jagiellonian University, Cracow, Poland, 4Institute of Nuclear Physics, Cracow, Poland
5Johns Hopkins University, Baltimore, USA, SNew York University, USA
"Niels Bohr Institute, Blegdamsvej 17, University of Copenhagen, Denmark
8Texas A&M University, College Station. USA, 2University of Bergen, Norway
10University of Bucharest, Romania, 1'University of Kansas, Lawrence,USA

12 University of Oslo Norway
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In ’BT’ (Danish morning tabloid)
Feb. 2004

Dagens fars 08 e 81 s SRR
J AT MAN A’ GENSKARE. BIG "] OPDAGELSE / WHIE) MESKD | Acec,»z.

" | EN PARTIKELACCELERATOR. e TED PLYSFOR 2/
ER. SIMPELTHEN EN FANTASTISK | PR LINIE iR |

[l OC EPOKEGHRENDE /. | MED OPDAGELSEN
LI AF:! '

;;iiiulL ) (i

That you can recreate the discovery!
Big Bang in a particle
accelerator is simply a
fantastic and earth
shattering.... At the same level

as plastic slippers with
acrylic lining
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BRAHMS

Random Back-up slides...
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BRAHMS
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NET-KAON = o5 || ENERGY DEPENDENCE

A AGS
Aty =0, ratios converge
to~15%

S I EE Over the full phase space
NET-PROTON 3, | K*/n* = 16.6 = 1.5 % (syst)
’ K-/n-=13.7 £ 2.0 % (syst)

Lh

=
IIII|IIII|IIII|II

dN/dy (K - K))

o0
o=

dN/dy (p - p)
o+ ()

Why this behavior ?
Net-Kaon distribution
evolves like net-proton

b2
o

o
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Spectra with BW Fits at y~0,1,2,3  {E====

B, =0.763 £ 0.072
Temp = 0.105 = 0.014
o = 0.460 £ 0.107

B, =0.776 + 0.020
Temp = 0.099 £ 0.005
o = 0.365 = 0.063

oo b L L b by Lo Loy 1y g 1y
) 0.2 04 06 0.8 1 1.2 14 16 1.8 2

B, = 0.737 + 0.016 B, = 0.495 = 0.130
Temp = 0.118 + 0.004 - Temp = 0.137 = 0.009
« 0.=0.313=0.042 *_ o=0.114 + 0.334

-
S
=
1=
5
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BRAHIVI! Experimentadl !e’rup =

Mid Rapidity Spectrometer

TFW2

| Time Of Flight Wall
S— Multiplicity Arrays

Beam-Beam Counters
& Zero Degree Calorimeters

- Time Projection Chamber
[  Drift Chamber
[ ] Cherenkov Detector

|=| Dipole Magnet
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Preliminary results from 63GeV

Au+Au\s=63GeV

ql_'
o)
-
Q
o

2 iNdNepdn 3

0-10%

40-60%

reference:
parametrization from ISR
powerlaw: p,=2.4, n=15.92, dN/dn=0.757
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BRAHMS
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P\'.E.'RS.E.(L ([:'_1 ':I %:l

fa—

0.5

Ea
B
=
w0
o
<
s
E:
<
i

Large high pt suppression also at
forward rapidity.

Longitudinally extended medium, boost
invariance, CGC or ..?

Not quantitatively understood.
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BRAHMS
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& OTAL (MB)

o AutAu (0-10%)

[E—
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[a—
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—
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RAHMS:PRLO1 @009 02205 I

p, [GeV/c]
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CGC at y=0

Asy grows

Condensate ?

28. Juni 2004 INPCO04 Goteborg, Sverige
|.G.Bearden, Niels Bohr Institute



BRAHMS

Nuclear Modification

Quantified by:
N8/ dp.dn

R —— — ~ "~ -Fr=t
(N ) PN/ dpain

- yield relative to that from
N+N collisions, scaled for
the nuclear geometry (N,;,)

« Cronin Enhancement
 Shadowing/Saturation
e Jet-quenching

28. Juni 2004 INPC04 Goéteborg, Sverige 39
|.G.Bearden, Niels Bohr Institute



BRAHMS

Nuclear Modification

Quantified by: “Cronin effect”

dZNAB/dedn Initial stgte multiple scattering leading
to Cronin enhancement (R,,>1)

- heavy ions at lower energy

- d+Au collisions at RHIC

R —— — ~ "~ -Fr=t
(N ) PN/ dpain

- yield relative to that from
N+N collisions, scaled for
the nuclear geometry (N,;,)

 Shadowing/Saturation
e Jet-quenching
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BRAHMS

Nuclear Modification

Quantified by: Shadowing/saturation
NENETITIN | ioocionol o e o
_ - ulti ing

e (Nyin)d"N™/ dp;ain - saturation

- yield relative to that from
N+N collisions, scaled for
the nuclear geometry (N,;,)

- Cronin Enhancement leading to suppression below the

 Shadowing/Saturation | saturation scale. Qgc??
° Jet—quenching = The Color quss Condensate (CGC)
gives theoretical framework
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BRAHMS
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Reference Spectrum

l S R DATA :1r._-':_1 a‘:ta;dut

o 5igh3

& siges3

n=1

=]
s

Fit to
ISR (R203) DATA

R203 data, y=1 (53 -> 63)

.gl—
[= 5
z
=
™

=
€
-

=
L

R203, B. Alper et al

Global Parameterization
Of 'SR DATA alt. param. with y{pT}cumﬂ'
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BRAHMS

Quantified by: “Cronin effect”

d’N*E/dp.dn Initial state multiple scattering leading
Rag —m to Cronin enhancement (R,,>1)

2l Prem - heavy ions at lower energy
- d+Au collisions at RHIC

- yield relative to that from
N+N collisions, scaled for
the nuclear geometry (N, ) L

e Cronin Enhancement
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BRAHMS

Quantified by: Shadowing/saturation
dZNAB/dedn depletion of low-x partons due to:
Re="—o0m - coherent multiple scattering
(Nyin) N/ dprain - saturation

- yield relative to that from
N+N collisions, scaled for
the nuclear geometry (N;,)

leading to suppression below the

saturation scale. Qgoc??

— The Color Glass Condensate (CGC)
gives a solid theroretical framework
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BRAHMS

Quantified by: Jet-quenching

d*N*®/dp,dn energy loss of high momentum
particles in the dense medium due to
- gluon brehmstralung in the

- yield relative to that from colored medium -
N+N collisions, scaled for - hadronic multiple

the nuclear geometry (N, scattering I

R —— — ~ "~ -Fr=t
(N ) PN/ dpain

—=suppression of

leading hadrons
- Au+Au at Vs, = 130GeV and 200GeV
- next: energy dependence
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BRAHMS
3

ARARREE R N N R R R R R RN RN RN RN R RRRRRRRRAR R
BN NN ft
- oofdN/dy net-Ballionis NN yon aiter
200 100F y NN
- l N
NN [ N . wn & neutron
NN C ¢ NN .
e 80F ¢y NN -
/\ AR N ® g oo AN Pid
N o ;2. N . NS
8 3. e
NN C AN o g
AN E ' o, e
0 o 40 . ®e, ‘
§§§§§ » ' Pe ®e ’.
- r'd
\ DANEE P =~ 1 IR ALY N
SN F \ ®e P \ 4
NN 1., T L]
B oy 55 Y
@) NN < %e
ARKRR RN P ([ ]
—_— 2 RS R °. ¢
NN L °
NN - °
= RRNNRNRNRNNI g ®e
e NN . ® ‘
i ORI -
© AR -~
RN - A
— e Jrag 2 OO .
SARNNRRRRRNRARRN -
%— RN
RN
1@&\\\\\\\\\\\
D: AN
NN -
NN\ - ; - =
NN E802/E866 @ BRAHMS estimate beam dN
RN o ' B
N BmNA49 A BRAHMS minimum \ Yp (B-B)
S . m.) ——Cl
Oz’llll|IIII|IIII|IIII|IIII|IIII . —y yd
1 2 3 4 5 : Y

28. Juni 2004 INPCO04 Goteborg, Sverige
|.G.Bearden, Niels Bohr Institute



BRAHMS
3

Predictions from theory

D. Kharzeev et al.
Phys.Rev.D68:094013,2003
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