High p, Measurements at the SPS

Christoph Blume Hard Probes Asilomar
June 9-16,
2006

JOHANN WOLEGANG @ GOETHE

UNIVERSITAT

FRANKFURT AM MAIN




UNIVERSITAT

FRANKFURT AM MAIN

High p, at the SPS
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Any evidence for Lattice calculations:
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of high p,spectra ?
Hadron gas fits (m):
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High p, at the SPS —
. UN'I_VE_RSITA'I"
Su ppress'on Seen at SPS? FRANKFURT AM MAIN
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High p, at the SPS
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. 10 C i 1 b i | | L b il I_,
R, for n9 above calculation ; — avgmmose ]
including jet guenching + : SPS e

® PHEN X o (130 AGEV) |

Cronin effect
(dN,/dy = 200 - 350)

[. Vitev and M. Gyulassy,

— dNidy=2000-3500

¥ PHENIX (200 AGaW)

® STAR h* (200 AGeV) ]
£ N -
T, Adc-"

Phys. Rev. Lett. 89 (2002), 252301. T
3
i
0.1 ¢ e
Problems: -
Not consistent with R, of WA98
p+p baseline very uncertain - ;mu:mwF:_l_jEMMgsdef’mmv ;
. . u+Auats =17, , 5500
(extrapolation from other energies) 001 LT
2 10 100
pr [GeV]
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. 10 I
U pdate Of p|0n RAA n:g 8 B Pb+Pb—n+X 7% central [WA98] (s = 17.3 GeV)
Same Centl‘a| A+A data 5 A Pb+Au— mt+X 5% central [CERES] (Vs = 17.3 GeV)
4 S+Au — 1%+X 8% central [WA80] (s = 19.4 GeV) mE
Reassessment of p+p reference 3 -
2

— No Cronin-enhancement seen

D. D’Enterria,
Phys. Lett. B 596 (2004), 32.

0.4 ;

I. Vitev and M. Gyulassy,
0.3 '... PRL 89 (2002), 252301
|
0'20 05 1 15 2 25 3 35 4
p; (GeV/c)

Consistent with quenching
calculation.: dN,/dy = 400-600
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High p, at the SPS

UNIVERSITAT

What iS new at \/S = ] 7_3 GEV? FRANKFURT AM MAIN

o R.pfor Pb+Pb at 1584 GeV up to p, ~ 4GeV/c
- NA57: h-, KO, A, A
- NA49: n=, K=, p, D

e Azimuthal correlations a la PHENIX

- CERES: Pb+Au _L dN®_ _ J@a¢) N*
Nug dAd  [(C(ag)d(ag) N

2.5 GeV/c < plrigger < 4.0 GeV/c
1.0 GeV/c < p@ssoc < 2.5 GeV/c

e Ratios of identified particles
- NA49: p/n+, p/n, A/KO,
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Baseline Measurements

, , ONIVERSITAT
Cronin Effect and Jet Quenchmg E——
< 15
< [ e e -
L 7 - A :
. , Cronih enhancement
1I-N,,, scali i
I v ~
L Y \ :
oS-, . Jet qyenching
-/ Ny
- N,y.naeq SCAlING = =
S

P [GEVIC?
“Not so really high p" at the SPS (p, <4 - 4.5 GeV/()

Interplay between Cronin enhancement and possible
jet quenching effects

— Baseline measurements in p+p and p+A important!
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Baseline Measurements

Cronin Effect in p(d)+A Data

Nuclear enhancement
factor for min. bias p(d)+A

:iEd3o-(p(d)+A)/dp3
" A Ed’c(p+p)/dp®

Clear energy dependence
of enhancement factor

?{Eﬁ%ﬁqs

.’ Christoph Blume

Ed’s(p(d)+A)dp’
A Ed’c(p+p)/dp°
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ol kb ko

3

=12GeV, p+Pb— n* + X Abramov 81
=19GeV, p+W =t + X Antreasyan 79

=24GeV, p+W =t + X Antreasyan 79
= 27GeV, p+W — t + X Antreasyan 79

= 32GeV, p+Cu— n¥ + X Apanasevich 05
= 39GeV, p+Cu— n¥ + X Apanasevich 05
= 200GeV, d+Au— 1’ + X Adler 03
=200GeV, d+Au— r* + X Adams 05
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Baseline Measurements

Energy Dependence of Cronin Effect

T T |
p(d)+ A -t/ n®+ X
e P =15GeV/c
m P =3.0GeV/c

t

t —
P, =

t

R4 increases by factor ~5

between RHIC (200GeV)
and vs = 19.4GeV

-
o
T

=4.6 GeV/c
p =6.2 GeV/c

Ed’s(p(d)+A)dp’
A Ed’c(p+p)/dp°

Roa

Even stronger increase towards
lower energies indicated by

Serpukhov datal! I \w\‘\ |
. -

R at Vs =17.3GeV? - =

Measurement needed +— s =17.3GeV |

(WA98 p+C/Pb) | ! ! Lo | ! |
10 10?

\s (GeV)
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Baseline Measurements

p —I_ p Data FRANKFURT AM MAIN

Shape of p,-spectra in c . LA B
high-p, region changes g ool % v \E=23GeV, Alper 75
around SPS energies E  of%m ™ . o AT
S 1 .0: m 5 = 12GeV, Abramov 85
. . o o * 5= 7GeV, Beier
Kinematical effects become A . ey, Beierte
important at lower s o
10°
104
10°
10°
— Difficult to parametrize 107
_ _ 10°®
Especially for charged particles, [ Data points
107F are scaled!
where data are sparse N bl
0 2 4
But: More data available for =° p, (GeVic)

Only existing p+p reference @ Vs =17.3GeV:

/—w p+p > 1t + X by NA49 p, < 2.1 GeV/c!
Hand @robies Eur. Phys. J. C45 (2006) 343
\\‘
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Comparison Central Pb+Pb < p+p
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RAA @ ‘\/S — ] 7-3Gev Update FRANKFURT AM MAIN
R, =1 upto E: 3\1_ _

. Pb+Pb(Au) @Ns = 17.3 GeV

p, = 4.2GeV/c [ e NA4O: (m+m)2 (5%) : ]
. . B B WA98:1t° (11%) [ i
Consistent with 1 NASS: (£H4)2 (596) b
energy loss I =N i

) p+W @ Vs = 19.4GeV 2
scenario . ~.

(Assumption: Blattnig et al. I
provides proper pp-baseline!)

NA49 ;

A. Laszlo et al., n
nucl-ex/0510054

P, (GeV/c)
But: For final conclusions

a p+p measurement up Theoretical prediction with energy loss
to p, = 4GeV/c is needed! da,/dy=400-600 + Cronin + shadowing

= l. Vitev and M. Gyulassy, PRL 89 (2002), 252301
Hard Pofs
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Comparison Central Pb+Pb <> p+p U
. UNIVERSITAT
Ran Comparison to RHIC @ Vs = 22.4GeV
Py T
@ Vs = 22.4GeV 3 °F PHENIX Preliminary | ]
support T R
Ry~ 1-1.5 ]
above s [ . ]
p, = 2GeV/c f + :
X o ]
‘ ﬂjﬂﬁf e
o :+ . . . | . . . | . . ]
0 2 4 o
P (GeV/c)
PHENIX
C. Klein-Bosing et al.,
nucl-ex/0606013
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Central <> Peripheral Pb+Pb

It

UNIVER

SITAT

New Data @ Vs = 17.3GeV

n_ 3 | n_ 2 T T T T | T T T T [ T T T T I T T T T I T T
IIU — ] 0-5% / 40-55% IIO [ Pb+Pb (0-5%)/(34-80%) @& = 17.3 GeV il
25 :_ ° hO o ()2
— * Kg - om (KK .
2 :_ A é 1.5 p ] =
S | 1] '
15 :_ __+_ ++ : o ..Il:m 'mig
= eI p—ild
1 — .‘i‘.x """ T Jisae ey L m '......ié*-{-?i'T .
: Mﬁlﬁ: i .:=ol' - N I I S
0.5 [T 2
VY i |
0 SaRTIRTARN SRUNI NETANRITATAT] AETRLANARLANERANTR 0'5__ ]
0 0561 15 2 25 3 35 4 45 5 . imi -
- (GEVIc) _ preliminary
1 1 1 1 | 1 L 1 1 l 1 1 L 1 I L 1 1 1 I 1 1
0 1 2 3 4
p, (GeVic)
NAS57 NA49
Phys. Lett. B623 (2005), 17 A. Laszlo et al.,
nhucl-ex/0510054
Rcp for h=, KO, A, A Rcp for n*,K*, p
Hard Probes
"\\_// Christoph Blume Hard Probes Asilomar, June 9-16, 2006
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Central <> Peripheral Pb+Pb

_ UNTVERSITAT
Comparlson to Theory FRANKFURT AM MAIN
o 2 0-50%7/40-55% & o TTrrTTT T
IIO I nooE loss (Wa%g) D:O " Pb+Pb (0-5%)/(34-80%) @\ = 17.3 GeV :
= Eloss (Wang) L. ("i""')_’z |
1.5— L Eloss (PQM) [ R ]
- 1.5 p —
1: k : HT?l l‘* ‘ I ]
RS2 S N . I ot 1|22 1
- ¢++++ [ 1— I.. -u-u"":\& ;+1 1*£T-— = —
.t NN I _l_, T
0.5 o ~ ]L I
N NAS57 kg 0.5 |
0_||||\||||\||||||||||||||\ F . Eloss (X-N. Wang) NA49 |
0 1 o 3 4 5 i -Wang) - preliminary
pr (GeVio)
P, (GeV/c)
Consistent with quenching scenario Calculations:
X.N. Wang, PRC68 (2001) 064910,
; . 0 PRL81 (1998) 2655,
Mas s Ordering. R-p(A,p) > R-p(K°,m) PLBS95 (2004 105
Similar as observed at RHIC priv. com.

PQM: A. Dainese, C. Loizides, G. Paic,
EPJC38 (2005) 495
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Central <> Peripheral Pb+Pb

Pions and h- @ Vs = 17.3GeV o
R (h_) > ‘I above % 2_5_| LI I B N N N B B B B B B | I T 1 |_
CpP o | Pb+Pb @ \E = 17.3 GeV _
pt — 3G€V/ C [ o NA4G: (/2 (0-5%)/(34-80%) i
) ) 2+ m WA98:1? (0-11%)/(41-57%) —
1.5__ 7

T 1l
Rp(0, WAO8) < R-p(n*, NA49) T e 'h

Note different centrality ranges

[ N, scaling | | |
0 1 2 3 4 5
p, (GeV/c)
NA49 WAOS8 NA57 ‘
A. Laszlo et al., Eur. Phys. J. C23 (2002), 225. Phys. Lett. B623 (2005), 17
nucl-ex/0510054
Hard Probes
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Central <> Peripheral Pb+Pb

UNIVERTAI'II'
Kaons @ A\/S =S ] 7.3GeV FRANKFURT AM MAIN
O i % 2_5 I T T 1 | I T T 1 | I T T 1 I T T 1 I T T 1
K S(NA57) and K=(NA49) o [ Pb+Pb @ \E =17.3 GeV |
ag ree above pt = 1 SGEV/C [ @ NA49: (K™+K)/2 (0-5%)/(34-80%) i
2 NA57: K (0-5%)(40-55%) —
But: discrepancies at lower p, i i
:
i HT I :
i ) e® T'.‘ T |
L _eaeizlee] |
A L
I L [=9= ]
o5 -
[ N, scaling :
1 1 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
0 1 2 3 4 5
P, (GeV/c)
NA49 NA57
A. Laszlo et al., Phys. Lett. B623 (2005), 17

nucl-ex/0510054
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Central & Peripheral Pb+Pb
UNIVERSITAT
Protons and A @ \/S — ] 7.3Gev FRANKFURT AM MAIN
Good agreement R U AR R
| Pb+Pb @\E = 17.3 GeV _
between RCP(p’ NA49) [ e NA49:p (0-5%)/(34-80%) i
and RCP(A’ NAS 7) 2+ NAS57: A (0-5%)(40-55%) -
1'5__ o »I:LT'L‘_._. _:
: iél{“‘llﬂ Ll —
— :
. | I | ]
0 1 2 3 4 5
p. (GeV/c)
NA49 NAS57 t
A. Laszlo et al., Phys. Lett. B623 (2005), 17

nucl-ex/0510054
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Central <> Peripheral Pb+Pb

Comparison SPS to RHIC

sy = 17.3 GeV, 0-5% / 40-55%
e KJ NA57

25 4 A NA57

Vs = 200 GeV, 0-5% / 40-60%
o K3 STAR

2 A A+A STAR

I:{CP

5 &
TR
1 Iﬂ dereat)
278063 )
05 | & Volo s
' © o oA ©
|
00 2 4 6
pr (GeV/c)
NA57

Phys. Lett. B623 (2005), 17

Clear energy dependence of R

4

Had o

1.75

=
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8

f—

0.75

Rep (binary collisions scaling)
=]
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o
&

=

GOETHE

UNIVERSITAT

FRANKFURT AM MAIN

U
NA49 17.3GeV: T4 0-5%_ g
b < al . wr4m— 0-10% -
STAR 62.4GeV: =45, = &
o

| PHENIX 200GeV: ==, -5 ©

[=]
ot
b
[
[

NA49

A. Laszlo et al.,
nhucl-ex/0510054
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Central <> Peripheral Pb+Pb

Energy Dependence of R, for Pions and h-

Strongest drop of R,
between Vs = 17.3GeV
and vs = 62.4GeV

Similar energy
dependence in R ,?

— d+Au at 62.4GeV needed

?ﬁi&%ﬁqs
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Christoph Blume
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Rep (pt =~ 3 GeV/c)

0.5

UNIVERSITAT

FRANKFURT AM MAIN

p, = 3 GeVic
L /RpA
Lil

Fad

~J

[
A
|
@]
O
A

NA49 nt (0-5%)/(34-80%)

NAS57 h (0-5%)/(40-55%)

WAO8 ¥ (0-11%)/(41-57%)
PHENIX h', o, et (0-10%)/(60-92%)
STAR K, nt (0-5%)/(40-60%)
PHOBOS h™ (0-6%)/(45-50%)
BRAHMS h* (0-10%)/(40-60%)

=

A
T
i f i
o T & 1 S h,h
- - o 0 4
B S s
0 50" 100" T 00250
\'s (GeV)
SPS

Hard Probes Asilomar, June 9-16, 2006
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Mass Dependence Of RCP FRANKFURT AM MAIN

Central <> Peripheral Pb+Pb

[
Clear mass ordering of R © . NMoOSWNGtOW ]
observed @ vs = 17.3.GeV 3 A NAST 0.5%)055%)
T 8 © m WAO8 (0-11%)/(41-57%) .
PHENIX (0-10%)/(60-92% i
RCP(p’A) > RCP(K) 2 RCP(TC) o 2 STAR (0-5%)/(60-80%) )
U i
o 2[ 7]
[ [ \..-D/_ i )
Similar as seen at RHIC m" ]
(200GeV) and in p+A data .
1
Rep (£=3) = ]/2 Roa (P=3) I _
at SPS energies 0
0

Mass (GeV/c?)
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Azimuthal Correlations

UNIVERSITAT

CERES: Pb+Au @ Vs = 17.3GeV

Gl Ggeom = 0.0 - 5.0 % Gfogenm :5.0-10.0% Ga’cgeom :10.0 - 20.0 %
: z Ei
S 102+ Preliminary S 102+ Preliminary S 102+ Preliminary ++++
L]
veb0P00000 . ¢¢“¢‘" Y ‘++++ +++
. po +++

0.98 0.98F 0.98

E o4 Preliminary 25 o4l Preliminary & o4 Preliminary _
e ey #*'**h WS | Fubs

0.05 ;E* ) Pl 0.05 %r% ____+f 0.05 $++|¥ tﬁiﬁl

b £ i
. it
0 !“lﬁ'* 0 hags
I S I - S - S I S - S R - S R T B - S B - S
A¢ (radians) A¢ (radians) Ad (radians)
2.5 GeV/c < ptrigger < 4.0 GeV/c CERES
1.0 GeV/c < passoc- < 2.5 GeV/c M. Ptoskon et al.,

nucl-ex/0511043

Flow contribution by ZYAM method
Details: Talk by

M. Ptoskon,
C(A¢): Ysame .[Ym'xed 1 dN* (A¢) N " parallel session Il

e ) Name  Nuw 98 [ClagR(ag) N
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Azimuthal Correlations Q...
. UNIVERSITAT
Comparison SPS <> RHIC

6l Ggoom : 0.0 5.0 %

0.45 ¢
. 04
Preliminary 0.35 L (@) 0-5%

03 i. - _
ﬁfm:hfﬂu 0.25 ¢ Vs =200 GeV

0.05 _i ?l 0015
e 4%

LV 0?9;5
\fs— 173GeV

I R X
Ag (radians)

CERES

0.1F

AB
1!ng dN""Id(Ap)

0

LT L
i i 4

0.4E"
0.35
0.3 &
0.25E
0.2
0.15
0.1E
0.05 E

alc :10.0 -20.0 %

geom

"Bld(Ad)

o4 Preliminary

trig

1/N_ dN
L]

o
‘ T
R~
—H
T

0.4¢
0.35 F
0.3 gt
025;_....
0.2t 8
[V 0.5 1 15 2 25 3 0.15F

Ad (radians) 0.1
0.05 ¢

E
3 . I -
O I KAH{{{-K{{-({{{-’-({/{{{
M ]

| 05 1 15 2 25 3
2.5 GeV/c < ptrager < 4.0 GeV/c A ¢ (rad)

1.0 GeV/c < passoc. < 2.5 GeV/c PHENIX
nucl-ex/0507004

pairs per trigger: 1/N" dN*8(di-jet)/d(A)

[=]
[=]
(5, ]
~
—o!
L. et
VI
N,
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Azimuthal Correlations onsss waronse § cor
. . UN'I_VE_RSITA'II"
Centrality Dependence of Widths
Broad away side structure T 12 preminany
; 1:_ -o-Near-side %
Broader than pp-like di-jet = | oAwayside % i
expectation (e.g. PHYTIA) 0.8¢
0.6/
No significant centrality 04 i &
dependence of RMS O2F CERES
0 400 200 300 400
N
. L . . part
Modification of away side v @ A G2
shape seen also at SPS N T 2.5 <py <4 Gelle 118
T —¥— d+AU near side 41.6
- - —A— d+Au away side EPY
% 0.02; L | ! + m + + + 51.2
Effect of partonic I ¢ . i
interaction with medium? = mi B ! + T0s
wost. PHENIX Ne o ¢ ¢ ¢
ol Nuclex/0507004 ) 0
}(E?P;b\ﬁ 0 100 ?\]OO 300 40 100 ?\JOO 300 400
Iar qs <Noart” “Noart™
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Coalescence Pictu re FRANKFURT AM MAIN

Baryon / Meson Ratios at High-p,

Baryon/meson (central)
i 6 1 1 | 1 1 1
!Saryon/ mes.on ratio NA4S A /K0 - —+—
increases with p, | .

TR +R-/z T

Similar to RHIC

Yield ratio

Coalescence models
applicable at SPS?

NA49

. . . . . . A. Laszlo et al.,
. . . . nucl-ex/0510054
i i o

A e e B
0O 1 2 3 4 5 6 7 8 p . [GeV/i]

Had o

\\u// Christoph Blume Hard Probes Asilomar, June 9-16, 2006 24



Baryon / Meson Ratios at High-p,

UNIVERSTTAT

Comparison to RHIC FRANKFURT AM MAIN

L=}

+ £ F
B i 504 B L 504 F T
R B NA490-5% & S mNaasosw X 0 = NA490-235% I
o 2+ STAR0-5% e o 2+ STAR0-5% < al" I
o F - .
5 PHENIX 0-10% = | 5 PHENIX 0-10% , ‘ F STAR 0-3% I "lag
] o L - T
4 u 'n T # 3 ! LT
= | 4 = [ | L =
: .. - = I‘_) 2 | | |
r o B 5 T
- " ro. 03 I s [ R
] ] o= TR | O 1t 4
| .. .1 L@ EgpEEE | m | - s
ity O [
) A OREE C
5 i f';f(.'f--‘“.". — I 5 - . : L — - :
& 04 ] | E i T =
o [ % STAR/NA49 o L % STAR/NA49 { 2 el { {
— B . — ) -
T 03[ @ PHENIX/NA49 T ox T 4 @ PHENIX/NA49 : I+ e w1 !
T o3 471 = i = RERissass
B * @:i@ P o el _ o l = oal LT | x 3 ‘
a | 00,0%%60;0 0 ® | =0 gt s ' '
= o02f sy 00, 0% = | o 0% 0xg @ T JE l | 1] L 1]
= C = | L . =
(] W 2 1 T
s i = : S 02
§ 01 + ] — _ g 2T / KO
= B i = W -+— STAR / NA49
2 P/ T [p/m 5 / AR
~ [ 1 | | 1 | | - N P I L S S I IS ]
a % 1 2 3 b % 1 2 3 =% 1 2 3
P, [GeV/ ] P, [GeV/ c] = P, [GeV/ c]

NA49

T. Schuster et al.,
nucl-ex/0606005

p,—dependence of baryon/meson ratio STAR

appears to be energy independent nucl-ex/0601042
PHENIX
Phys. Rev. C 69
(2004), 034909
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Energy De pendence Of p/n—|— and E/n— FRANKFURT AM MAIN

Baryon / Meson Ratios at High-p,

p/n* ratio at p, = 3GeV/c e Ty T e _
increases rapidly towards g [ i DI
. o™ | . ptp |
lower energies L A
Q_“ ‘ ] Am\easryan 79 p+W, p+p
stronger increase than in p+p (A)! = [ N p/n* -
27 A} ' —
L T l

g Tt J---emeem--- 7 A+A
i = . i p+A ]

L —
E/R_ ratio at pt - BGEV/C g i ‘. NA49 Pb+Phb (0-5%) | i | | 1
decreases smoothly towards § [ 7 oo | A+A _

. A %), d+Au, p+p ,'

lower energies u_ [0 e 2 I
e S ]
weaker decrease than in p+p (A)! = | p/m i l l
0.5 g .
- /" -7 I p‘|‘A =
N . PP
» O—- -l‘-.- ” i

TP 10 | I”” |1‘02 “I
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Summary

- Baseline measurements
e Solid p+p and p+A baseline missing!
- p+p (NA49): p, < 2.1GeV/c
- p+A: Ongoing re-analysis of WA98 data (p, < 3-3.5GeV/¢)
e Important, since spectral shape strongly Vs dependent at SPS
- Evidence for high p, suppression at SPS?
e Rap consistent with jet quenching + Cronin (but: see above)
e Supported by new measurements of R, (NA57 and NA49)
e “Suppression” relative to p+A = 0.5! (RHIC@200GeV =~ 0.2)
- Azimuthal correlations
e CERES results qualitatively similar to RHIC
e Indications for partonic interaction with medium
- Baryon / meson comparison
e Mass dependence of R, large p/n*- and A/K° -ratios
e Test for quark coalescence models
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Baseline Measurements
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High p, at the SPS

UNIVERSITAT

FRANKFURT AM MAIN

Kinematical Regime
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High p, at the SPS
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New NA49 data at Vs = 17.3 GeV
Comparison at (0-5)% centrality Comparison at (0-5)% centrality
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Central <> Peripheral Pb+Pb

Centrality Dependence of R

No dramatic
centrality
dependence
of Rep
observed
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Azimuthal Correlations
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Published Data by CERES

Azimuthal correlations DALAAARLER R
for Pb+Au at 1584 GeV - (247300 %

Semi-hard two particle
correlation on top of _
flow component ? Ll

Y
Pt T*:a 1.2 (IBeV!c

CERES

Away side peaks broadens
with centrality

In-medium parton scattering?

Same picture as at RHIC?
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Baryon Meson Ratios at High-p,

Baryon/meson (central)
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applicable at SPS?
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Comparison Central Pb+Pb < p+p
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Rxn Centrality Dependence
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Centrality Dependence of p/nt and p/n-

Baryon / Meson Ratios at High-p,
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