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r

QCD

Cross Section in p-p collisions c.m. energy /s

The overall p-p reaction cross section
is the sum over constituent reactions
a+b—c+d
fA(z1), f2(x9), are structure functions, the differential probabilities
for constituents @ and b to carry momentum fractions z; and zs
of their respective protons, e.g. u(z1),

30. 'J'I'sz 2
= T @) ) e

Eab H*
dridzodcos8* s 4 21T (cos 6)

>%(cos 0*), the characteristic subprocess angular distributions

and a,(Q?) = 5 ln(%ﬁ 737y are predicted by QCD
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Cr« C . \/E
A P
ﬁ@x (D.,}
do C
dt > X
/ ,f (z1), f d @ probabilities
for cons 1 and 9
_/
d’o A ra2(Q?) .,
- p ya .
dz1dzod cos 9* 3 EZ: f (:El)fb (932) 2% 1T (CDS )

>%(cos 0*), the characteristic subprocess angular distributions

and a,(Q?) = 52 IH(%Z 737y are predicted by QCD
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*  Result from run2 published-a classic ‘“; 1 o
*  New result from run5 :E 10'2;_ KKP FF (calc. by W.Vogelsang)
v" preliminary - 100k
*  Comparison of i° cross section o -
v" Next-to-leading order(NLO) pQCD B _;
e CTEQ6M + KKP or Kretzer o 10 F
e Matrix calculation by Aversa, et. al. i [
e Renormalization and factorization scales 10'@
are set to be equal and set to 108L
172p, pr> 2Py 10 i _
E 9.7% scale uncertainty
10710 is notincluded

| - 1 I 1

e Calculated by W.Vogelsang

NLO-pQCD described very well % o f /\\#\“‘/J
down even to p,~ 1 GeV/c Sap | |
0 5 10 15 20
p (GeV/c)

Theorists have a tough job---Experimentalists can use scaling rules
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3
Ed o 1 B 2p7 | LOQCD, QED: n=4
d3 (\/_) \/_ Glar) T =g ++
13'24 S \/S QCD n(zr,'s) =4
10 T T . . 1022 s T ¢ s 1800 GeV
O CDF 1800 GeV ;510 COF s 630 G:"J
—o6F AUAL 546 Gev > 10200 UAT - 900Gev
10 0] o 500 GeV
- gaBs 53 GeV = iaF o o 200 GeV
Lol _G F
- 3 A CP 27 GeV = 10 3 PHENIX = 200GeV
“(‘*-2. ~28 N 3
-~ 10 : o 40 16L + 53 GeV
ﬂ"-.-'l E 23 GeV
g . “du- IZ"JD E_
< _30 e © 10 1k
a 10 4 LLJ F
"5 +* ) 12
$ o 10 "F
"E 107>2 ., AN % -
3 <o by G 10 1%
~34 Z 8F %
10 41 0.5+(h*+h") . 10 3 h+5h ‘*
‘ 10 5%
107°° e S 2 5
0 2 4 6 8 10 10 10 10 1
Py (GeV/c) X, (GeV/c)

Structure and Fragmentation fns., which “scale’, 1.e. are functions only of ratios of momenta, are in F (G)
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CF | T T T 1 T T 1]
% 10 o PHENIX - Nuclear Modification Factor
¢ O pHp x T,,(0-10%)
c%'?‘ n {-} . ® Au+Au 0-10% . [d NBA /deddemel]
E" 10_1 n ®* o5 — RBA = 7 .
=|5 _ ®o | ( BA>X[d Upp/dPTdY]
| = 0 -
'U Q. e
O 10_3 - .D i mel
5 B -foD 1 R, /-[\NBA /dp,dydN ]
e B ® % N @ .
™ Q_I_10_5 — ..OD% _ inel X d /dedy]
= - » f o |
N B ¢ O
107 [ 0
107° - ]
1

10
o (GeV/c)
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cq'-"i- 1 I 1 1 1 1 1 1 1 I
> 10 o PHENIX - Nuclear Modification Factor
8 * O PP x Ty, (0-10%)
X - S o Au+Au0-10% e [d N? /dp.dydN™ ]
S 107'F * 5 1 Ru= -
>, ¢ . <TBA>x[d 0, /dedy]
< T n *C -
o -
© % 3L . DD _ l
107 % *%0 ] _d*N;, dp,dydnyy! |
[ — “w=e 4 Ry,
Z = '.DO - @ 2 _m
— Q znelxdO~ /dpdy
~g107° F fo E ]
= — . e U —
N B g ©
107" [ +© 7
B Impossible to distinguish reduction in
n ] | the number of partons (due to e.g.
1 0_9 | : ST SRR stopping in medium) from fractional
1 downshift in spectrum (due to e.g.

p_ (GeV/c) Lerreyom o paron o medm
T
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Au Au 200-run 4

I I I I | 1 I 1 I | I 1 1 1 | I I I I
nf‘ 1.5 0-5% Central
PHENIX preliminary en

=
|

0.5

2
p,{GeVic)

Does either obey QCD? We tried x scaling AuAu 200 cf 130 GeV
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ﬂ'_‘n10 I | ! | ! | ! ! ! [ | [ | [ | [ | [
X T n(x,) for x° 1t n(x,)forh*+h" -
< o 5 0-10% T« 0-10% 7
s 0 60-80% L o 60-80% - :} .
B T 4L i

I—D—-—-#h—'
|—.— —— #g—

|———h——|

o | i ﬁw

- — — O

AR 1 @@ ] L

4 % 35 i ﬁﬁ ;

i (\/T)(f o (N R -

I V52 Efi_g( vy y/51) 10 PHENIX, PRC 69, 034910 (2004) |
| |

I A I T AN SN SN S N ! ' R AN N NN T NN S (NN R SN B N
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07

X Xt

* ¥ x scales in both peripheral and central Au+Au with same value of n=6.3 as in p-p indicates that
structure and fragmentation fns. (including any energy loss) scale in AuAu i.e. energy loss is fractional

* (h* + h")/2 x scales in peripheral same as p-p but difference between central and peripheral is significant
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PHENIX PRL 91(2003) 172301

PHENIX AutAu \[s,,, = 200 GeV

z
2810 =y o PHENIK: AurAuNsy, =200 GeV o [ protonipion I anti-protonipion
N - v 60-92% g (5L h(d ]
2 3: % [ %'%’ e [ T om AuwtAu0-10%
\ T 40-50% i I 2a AurAu20-30%
°_§10 A 4 A 0 14 oo Au+A3_60-92%
= i . i 20-30% B I ¥ ptp,Ns=53GeV,ISR ]
NZ _4: t'Y, [ 1&‘# * o 1'2. % I --- e'& gluon jets, DELPHI |
| s B — *e, quark jets, DELPHI ]
o - A i I ]
- Y* Y 0.8 + + 1 éﬁ ]
'5_ ¥ i } 0.6 . I + ]
0 o " R P Bell
10°: proton/N,, 1 ¢ antiproton/N,, 02 [ %WH
r i # 0t | otk | | ]
| | | | | | | |
0 1 2 3 4 ) 1 2 3 4 3
o 1 2 3 4 ) 1 2 3 4 p; (GeVic) p; (Gevie)

p;(GeVic) p, (GeVic)

p*/m* ratio much larger than
from jet fragmentation

Is this ‘recombination’ = QGP: Fries,Muller, Nonaka PRL 90 202303 (2003)

p* are not suppressed
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% 7 -
o u — - -
E ® PHENIX Preliminary N} - - PI'E"mmHI'Y
3 Bands represents systematic error. Q -
210 ~~ NLO pQCD (by W.Vogelsang) ’Y (U] i - Subtraction
“a CTEG&M PDF 4
T u=172p;, P, 2P; ‘3_1 0"
nb - -
T C
w C
107 q B -
: ¥ 10°L ‘
! E ’
10 | \\ - - $
: ? \ 10 +4 }
1F C
RN ; £
] I 111 | | 11 | 111 | 111 | | 11 1 11 | | |1 +
4 6 8 10 12 14 16 18 10 = f
p.(GeV/c) B
PHENIX run3 preliminary result. -
v~ Recent Update down to 3GeV/c -
v~ Publication is coming soon. i

NLO-pQCD calculation 1
LOR3

vate communication with W.Vogelsang
v~ CTEQ6M PDF.
v/ Sum of direct y + Bremsstrahlung vy o b b b e b b b 1y

v 3scales (1/2pT,1pT,2 pT) 2 4 6 8 10 12 14 16

=]

. p_T[GeV/c]
Previous results for p> 5GeV/c new results p>3 GeV/c
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Aurenche et al Eur. Phys. JC9,10(1999)

~ 6
S - O WA70 pp
g |
<
S 5L A E706 pBe/800
: o
. = i L
Talk by Monique Werlen at T A
RHIC&AGS users meeting 2005 I >,
5 |
2F
Phenix data clarifies Al -
1 I | | o
LR
the data/theory - ‘|‘ ‘ || NLaorop
U.ZZIC L ‘ Cr—;EQArM A=296 MeV
p O . 1 1 1 1 | ‘ | I | | 11 1 1 | | I| 1 | |11 1 | | I | |f | g| |B'|—_G| 11 1
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Ed’s/dp’ (pbGeV’c?)
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® PHENIX-Run3 p+p {3=200GeV
O RB06 pa+p (3=63GeV
B R110 pa+p Vs=63GeV

A UAG p+p [8=243GeV

¥ NA24 papla=23.75GeV
o WATO pap {s=22 96GeV
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& A
RN
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p+(GeV/c)

I proton-proton collisions I
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Ed’c/dp’ (pbGeV ’c?)
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DO p+p s=1800GeV

CDF pap (a=1800GeV

UA2 p+p [a=630GeV

UA1 p+p {3=630GeV

UA1 p+p (s=546GeV

UAG p+ps=24 3GeV
PHENDX-Run3 p+p {8=200GeV

WW"D"
L.
it

4 > OROe

Systematic errors are not shown

100 120
p+(GeV/c)

proton-antiproton collisions

i
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—
:‘b 1 OIBE p+p collisions Ys=20-1800GeV
= g ® DO pip e=1800GeV
@ 1013— [ CDF p+p ==1800GeV
g E B UAZ pip [e-630GeV
a1k O VA1 pap (e=630GeV
o 10 E A UA1 psip Js-516GeV
% IBE £ UAB pap Ye=24.3GeV
"-"'g 15§
i 10 & (O
— -
14f
210" 2
13f
10 &
12
10
1
10 &
10[-
10 3 p+p collisions Js=20-200 GeV
9l ¥ PHENIX-Fun3 psp ‘5=200GeV
10 E & RB06 p+p s=63GeV
aF * R110 p+p 5-63GeV
10 E i+ ETDG p+p “8=38.TGeV
- +# E706 p+p “5=31.5GeV
10?E - UAG ps-p w8=243GeV
g < NA24 pip f5-2375GeV
1 DB'E WATO p+p =22 96GeV
| | | | | I I | | | | I 41 |
-2 -1 X
10 10 T
Direct y n=5
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Ratio of Scaled Cross Sections

3] ets-Ratio of Scaled Cross Sections 630/1800

I CDF PRELIMINARY
- ® CDF Preliminary Data 0.1 < ;[ < 0.7
25 ~ O DoDataln,/<05
I G.C.Blazey & B.L.Flauger, ARNPS 49, 633 (99)
2 —
15 -
Tr *
i EKS NLO QCD, u=E,/2 - CTEQ4M (1)
i CTEQ3M (2)
0.5 - MRSA (3)
i II\IIIII‘IIIIII\‘III‘II\II\I‘\III

0 11 1 L 1 L 1 1 1 1 1 | I
0 005 01 015 0.2 025 03 035 04 045 05

n— Jet X
phowd(er, 51 [0 T
It

Jets n=4.5
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19 T —
10 B ﬂ: __l] ___l]

o 108k \ _ 1
= B 1 I
S SN AN
ﬁmm__ %b ) 1 1 o,
S t I B 1
.gmm_ I I
o F i >,
T 10°F *® UA2540 GeV ¥ E 3 E? T &
B - C STAR 200 GeV 7 E 3 2 £ ﬁ
E s 7 PHENIX 200 Gevl) F © STAR200GeV 1 © STAR 200 GeV
o 1O O ISR63GeV A 1 2 ISR53GevV » 1 5 ISR53GeV n
“@ [ & ISR 53 GeV J ¢ ISR45GeV 1 o ISR 45 GeV a
= 10F ¢ ISR 45 GeV L I FNAL 27.4 GeV m T FNAL 27.4 GeV "

- © FNALJ3S8.76 J ® FNAL104Gev & [ ®ENAL237GeV

102F " FNAL 3156 1 " 1 O FNAL 19.4 GeV
-_|||||||| 3| |||||||| 1 |||||||| 1 ||||||||_--_IIIIIII| | | IIIIII| | IIIIIII| | IIIIIII|_--_IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII|
_ D 1 _ g
10 10 10 1 10 102 10" 1 10° 10?10 1
Xy
= n=6.8 + 0.5 p, p n=6.5=1.0

STAR, nucl-ex/0601033. It appears that Brodsky, et al PLB637, 58 are likely wrong
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PHENIX Au+Au (central collisions):
< Direct y B
a4 10:_ f :ﬂ Preliminary
E GLV parton energy loss (dN%/dy = 1200)
B W - I | : I
REASL IS R I
T q,l e llli ------- S A —
- . P l j
: 4‘{&1 W
i iTéﬁ**éﬁ#@T‘MMﬁ %‘% ‘% %
10-1:— ﬁ}\ %
_III|III|IIIIIIIIIII|III|I ]IIIlIIIlIII

O

2 4 6 8 10 12 14 16 18 20
p(GeV/c)

Direct y are not suppressed. st and 1) suppressed even at high pr
Implies a strong medium effect since y not affected.
Suppression is flat at high p; Are data flatter than theory?
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10 Ry (P 1A0)

[~#0<ap<T5 15
| —e— 15 <Ap < 30 y
: 30 <Ap < 45
‘| —e—45 = Adp = 60 1
: BO <Ap=T5

75 < Ad < 90
i |C_JError in RAA 0.5

10-20% |

n""i"z 34756 7T 8 9 70

(GeVIc)
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1 PrH] <|> 5_"' ® )\
|§-l-+l | _li.L __F i |
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0ol & d+Au T K
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Both Direct y and n® consistent with 1
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Nuclear Modification Factor-Min Bias
1 [ Foalzx T
Rya =~ = 2A( T) n QA( T)
2 \ AFp(ar)  Agyl(ar)
T
o6l B B
0.l [ ]
0-2— - d+Au PHENIIX Prelilminargly 4:: | | |
0 2 6 8 10 12 14 161 00 "lxi
(@ o T e BROOKHEVEN

U.S. DEPARTMENT OF ENERGY

20

dU ad (pT)/dpT

Rga =

(2 X A) X dO’ (pT)/de

Eskola, Kolhinen, Vogt hep-ph/0104124
1.3 1 |||||||| | IIIIIII| I IIIIIIII 1 IIIIIIII 1 I:IIIII
121 LHC RHIC 1
L e Gevizzf o)
Qf LI s s e 5 ........... » :,.../w.,.', ....... B |

] o : ol PV 4 P&
- 7 LT et i
o I .t 1
0§08 . e 1
e Ve S
0.6 | i||||||| I IIIIIII| 1 I:IIIIIIIE | IIIIIIII | IEIIII:
10° 10 100 10 107 1

T

Consistent with 1 =» No modification within the error

This 1s first measurement of ‘EMC effect’ for gluons
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® Due to the steeply falling power-law spectrum of the scattered partons, the
inclusive particle p spectrum is dominated by fragments biased towards large z.
This was unfortunately called trigger bias by M. Jacob and P. Landshoff, Phys.
Rep. 48C, 286 (1978) although it has nothing to do with a trigger.

dz Or (ﬁﬂ ’ Zt) _ dO'q
dﬁ T dzt dﬁ T:

A X D)

Lt

T
P,

x Di(zt)

let pr, = pr,/z  dpr/dprils, = 1/2

d*o(pr,, 2t) 1 A
dpr, gdzt &t ('pﬂ / Zf)n_l
A

= =1 X Z?_ZD?;(?&)

Pr,

X Df;(zi)

where zimin|p;, =21,  Di(2) = Be %%

PP =" Office of Y
O 4 science BROOKHREVEN  F|o From MIT 2005 006  PHESENIXM. J. Tannenbaum 19/64




d’o (P, 2t) _ do,
dﬁT 'tdzt dﬁT )

X Dg(zt)

Also detect fragment with z, = pr,/pr,
from away jet with pr. /pr, = 23,

dggw(ﬁi’}r 2t za) . do—q

~ = — X DI(z;) X Di(z,
dpr,dzidz, dpr, (2) (2a)

o Pra  Pra  ZtPTa
Y DPra InPre Tupr
do, 1 do, 2T
= — Di(z)Di(—=
dpr,dzdpr,  Tnpr,d(pr,/2:) (22) (iﬂhpn)
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I W P CCOR, A.L.S.Angelis, et al
w e, w W, w PhygLett. 97B, 163 (1980)
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A=T89x10 cm’

10 \ =° PAIR TRIGGER
A0 -8 Gevie? ~ .
Xg ~ Z/<Z;,>

= o1t CHARGED
= 75 Py, (=10-%)
1l N ] a7s P, <8
" - 285 Py <9610}
‘. o 9sPuEONOY <7..,>=0.85 measured
10" \ ° ‘ .
fa) u

& T K 4 - e | :an(Z)Ne-6Z
%’?\ S o D : &4 N
ﬁlza_ oy * independent of pr,

f\ See M. Jacob’s talk EPS 1979 Geneva

)
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Following FFF and CCOR PLB97(1980)163-168 we were trying to
measure the net transverse momentum of the di-jet (V2 x <k>)

(ze(kr,on)) (k7)1 . _ Pr. . _ PT.
ZIA?} ('Z'*T T} ) L= ; <p2ut.> o <]’%"1}> (]- + ﬂfﬁ) Lh Th =

* jp 18 parton fragmentation transverse momentum

k18 transverse momentum of a parton in a proton (2 protons)

Xg=-pr*pr/Ip7* represents away jet fragmentation z

* Poue 1S cOmponent of away pr perpendicular to trigger py,

We needed <z> to solve for k. Tried to get it from x dist.
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10— 107: ——
F F O  OPAL ¢'e \8=180 GeV gluon jet
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After many convergence difficulties, Jan Rak gets desperate and tries two vastly different frag.

Functions=>No effect on calculated x distributions---Mike, can you check this analytically?!
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do, 1 do, 2P,
= — DQ’ Dq
dpr,dzdpr,  Twpr,d(pr,/2) (1) (iﬂhpn)
do A
Take: D(z) = B exp(—bz :
R P R e A
do, B? A inytt T
y d“" = —— / = dz;tz;"_lexp —bz (1 + __,\p .
PTtUPTa Lh P, Jx LhPT+
do,
d — dztz”’ 2exp —bz
dpry th rT

Using: F(aj I) = / - toLe=tdt  Where I'(a,0)=1I(a)=(a-1) I'(a)
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Ao, _I'(n) B? A 1
det-dea b Iy p%ﬁ (1 + %)n

dor I'(n—1) AB

n—1 ?

det hr— 1 th

JB=D L 1 )
dea, DT prt Th (J_ —|— m)n
In the collinear limit, where pro=rgpr¢ :
dr B(n—1) 1 1
T -~ (n ) A _ 43)
dog |, b o (14 Z2)n

Th
Where B/b=<m>=b is the mean charged multiplicity in the jet
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* The only dependence on the fragmentation function 1s in the
normalization constant B/b which equals <m>, the mean multiplicity
in the away jet from the integral of the fragmentation function.

The dominant term in the xg distribution 1s the Hagedorn function
1/(1+zg/Zn)" so that at fixed py, the x; distribution is predominantly
a function only of Xy and thus exhibits xg scaling, as observed.

The reason that the xg distribution 1s not sensitive to the shape of the
fragmentation function is that the integral over z in (1, 2) for fixed pr,
and pr, is actually an integral over jet transverse momentum Pt .
However since the trigger and away jets are always roughly equal and
opposite in transverse momentum (in p+p), integrating over pr.,
simultaneously integrates over pr,. The integral is over z,, which
appears in both trigger and away side fragmentation functions in (1).
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38

tering model. The upper figure shows the single-particle (#0) tnigger results plotted versus

2p = —py(h*)fp (n¥) and the jet tngger plotted versus z; = —p,(h*)/py(jet) (see table 1). In the
lower figure, we plot borh versus 23, where for the jet tnigger 2y = 2, but for the single-particle
tnigger zy = (2.2, The away hadrons are integrated over all rapidity ¥ and [180% — @) = 457
and the theory 1s calculated using ¢k p.q = 500 MeV._ # hy =70, x Ty = jet.
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R.P Feynman et al, | Large transverse momenta
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FFF Nucl.Phys. B128(1977) 1-65

“There 1s a simple relationship
between experiments done with
single-particle triggers and those
performed with jet triggers. The
only difference in the opposite
side correlation is due to the fact
that the ‘quark’, from which a
single-particle trigger came,
always has a higher p, than the
trigger (by factor 1/z,;,). The
away-side correlations for a
single-particle trigger at p, should
be roughly the same as the away
side correlations for a jet trigger at
p, (Jet)=p, (single particle)/

29
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Figure 21 Jet fragmentation functions measured in different processes : v-p interactions (open
triangles, Van der Welde 1979); e e~ annihilations (solid line, Hanson et al 1975); and pp
collisions (full circles C8, pr < 6 Ge¥/c, open circles CS, pr > 6 GeV/c, full squares CCOR, pyr
= 5 GeV/c, open squares CCOR, py = 7 GeV/e).
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P. Darriulat, et al, Nucl.Phys. B107 (1976) 429-456
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Figure 19 The slopes b obtained from exponential fits to the jet fragmentation function in the
interval 0.2 < z < 0.8 in e*e” annihilation (full circles) and LPTH data of the BS
Collaboration {epen circles).

Figures from P. Darriulat, ARNPS 30 (1980)
159-210 showing that Jet fragmentation
functions in vp, e*te” and pp (CCOR) are the
same with the same dependence of b

TN L)

(exponential slope) on “§
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d P 1 1

drp Th (1 + ZE )'”’

PTt

—pPT, COS A . . T,
g = p ¢ ~ PT 3 }3
PT, PT, Pt

measured Ratio of jet transverse momenta
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Ty ~ 0.8 due to kr smearing
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% - N~ 9 Tp = ih Yy = 08?}

Xg

nb: vertical scale labels on this and following similar plots should be multiplied by 10
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Application
2-particle
correlations 1n
Au+Au
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C,(Au+ Au)=C,(p+ p)+ A*(1+2v,(py,)v,(Ps,)COS(2A9))

P 03
= = STAR 200 GeV |A 1) |<1.4
% < | ' s 50-80% Au+Au
0 = + —flow: v2 = 24.4%
o 2 o2
b £ — pp data + flow |
o = ' !
s o
5 3
= o 0.1
o] o
c
S Z
O v o
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
-3 -2 -1 0 1 2 3

A ¢ (radians
STAR-QM2002-Hardke 4< p< 6 GeV/c 2<p1,<pr
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C,(Au+ Au)=C,(p+ p)+ A*(1+2v,(py,)v,(Ps,)COS(2A9))

STAR 200 GeV |[A 1 |<1.4
B « Central 0-5% Au+Au
+ —flow: v2 = 7.4%

=
(=2
|

—— pp data + flow

Conditional Probability
1/Nrpigaer dN/AA ¢)

s
n
|

Lo o e e e e ey b by |
-3 -2 -1 0 1 2 . 3
A ¢ (radians)

STAR-QM2002-Hardke 4< p< 6 GeV/c 2<p1,<pr
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r

— p+p min. bias
*  Au+Au central
e d+Au FTPC-Au 0-20%

™ Ao (radians)

STAR-PRL91(2003)072304 4< p< 6 GeV/c 2<pr,<pr

Also serious 1ssues with exact v, to use, and exact background level
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T
e
‘ * GtAUFTPC-AUO-20% 1 [ ¢ guAuFTPC-Au 0-20% (preliminary) |
% 0 - ——p+p min. bias i;\\ﬂn B = 3 — P+pP ]
] ' | ! 2 | % AusAuo0-5%
> * Au+Au Central . 9 ol- _
T . p
g 0.1 . T
o . e
z | 2
T T z |,
o5 SR SR ~ OFf
L N - L | 1 L ! | 5 ! 5 |
N N
A ¢ (radians) A¢ (radians)

STAR-PRL91(2003)072304 STAR-PRL95(2005)152301
4<pr< 6 GeV/e 2<pr,<pry 4<pr< 6 GeV/e 0.15<p,<4 GeV/c
Xp=Pra/Pr¢~0-3 Xy =Pro/Pr~0-04
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Au+Au, 0-5%

e
=

= Pra/ Pr:

d+Au Au+Au, 20-40%

0.2

8 < p4(trig) <15 GeV/c

~0.375

0.1f
STAR nucl-ex/0604018

9> (cosse)d>p > (oosse)'d>¢g

~0.75

9 < (oosse)'d

0.1f T 1
0.05} l l 1 l ‘ T

o %o (rad)"
Could it be simply that away-jets lose 1/2 their energy?

0 T
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8 < p4(trig) < 15 GeV/c STAR nucl-ex/0604018 *;A'R

Au+Au, 40-80%, away-side Au+Au, 0-5%, away-side

! {1 W
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PHENIX PRC 71 051902 2.4<p <4 GeV/c 1.7< p,<2.5 GeV/c
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Trigger mesons and baryons in the region of the baryon anomaly
both show the same trigger (near) side and away side jet structure.
This ‘kills’ the elegant recombination model of the baryon anomaly
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STAR, J. Adams, Fugiang Wang, et al PRL 95, 152301 (2005)
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e Away jet pr/trigger jet pr
decreases with increasing centrality

e consistent with increase of energy
loss with distance traversed in
medium

STAR, J. Adams, Fugiang Wang, et al PRL 95, 152301 (2005)
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d+Au

Au+Au, 20-40%

Au+Au, 0-5%
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nb: vertical scale labels on these and following similar plots should be multiplied by 10
STAR* 0604019 label should be STAR* 0604018
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Can still fit, but curves too flat x,>1, but still decreases with increasing centrality
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PHENIX, PRC 73, 054903 (20()6)

—e—5 <P; trig 6 GeV/c :: ':'

——6 -n'.p.l. trig{ 7 GeV/c
—s— 7 <p; trigS 8 GeV/c It

Near side

Lok

| I I I | I I I |
——= 8 <Py i< 10 GeV/c

—— 10 <Pr i< 12 GeV/c |
—%— 12 <Pr 1ig< 16 GeV/c 3

o

0.4
X

0.2

E.far

e Beautiful p+p and dAu results with pTt in STAR punchthrough

range.
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* Nice “fit’ of 1/(1+y)"=8!with Tg = Zp Y to PHENIX hep-ex/0605039
and PRC73; and STAR PRL95 xg distributions. But STAR nucl-
ex/0604018 d+Au much flatter than PHENIX d+Au PRC73,054903
(20006)

* Both STAR Au+Au measurements show a decrease in the ratio of the
transverse momentum of the away jet relative to the trigger jet with
increasing centrality. For both data sets x, decreases by a factor of ~2
from p+p (dAu) to Au+Au central collisions. Much more info than I, ,.

*New STAR “punchthrough’ data has much too flat shape, an apparent
sharp break, and disagrees in normalization with STAR PRL95.

* Comparison of two STAR data sets would benefit by going lower in p,
(zp) for the data of nucl-ex/0604018 to see whether slope 1s really
steeper at low z,, with dramatic break and (unreasonable in my opinion)
flattening of the z distribution for z = 0.5

pZ==" Office of , gy -
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Interaction with medium
Where does the lost

energy go’?
Mach Cone?

Office of ey el
@ Science Nﬁﬁ%‘f@%’gy Florence Correlations-July 7-9, 2006 PH=4ENIXM. J. Tannenbaum  53/64



)

Near-Side Long-Range
An Correlation: the Ridge

Au+Au 20-30%

a) Near-side jet-like corrl.
+ ridge-like corrl.
+ v, modulated bkg.

b) Ridge-like corrl.
+ v, modulated bkg.

c) Away-side corrl.
+ v, modulated bkg.

STAR-HardProbes 06

Ad
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3 < Prrigger <4 GeV and p, oo > 2 GeV

=
< o0.2p
3 0 18:— * A$p(J+R) method
5 F " A method * yield of associated particles can
-y 0.16— ¥ An(J) method . . . .
2 F ! be separated into a jet-like yield
0.14F - . :
o12F- and a ridge yield
o v~ jet-like yield consistent in 1 and ¢
01—
0.08 and independent of centrality
0.06F- v/ ridge yield increases with
- e .
0.04 U centrality
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2.5 < Py grigger < 4.0 GeV PHENIX
1.0 < Prassoc < 2.9 GeV  pucl-ex/0507004

Status at QMO05: o :
PHENIX ﬂ-;; ] -0 (B} &-10%
0. 25 g
T ——T T oz
- 2-3x2-3 GeV/c | 3
< 0.03- ] :
3 ; 0-20% g
E D . 02: % e 10-20% (e} Eed0ms
i £ i .
'ﬂm I ; _- T ] P
<= 0.01 8 _ - Ili.'.
= :'..'.'.'.i.’.i.i.'.'...:i....'.'.i-'.-i.-i.-'.-'.-'.-i-'.i.’.-i-'.'.ia'.i.:'.".'.'.'i.f.'i.i.f.'.'.i..i.;'.'.f.'.i.i.f.'.'.f.'.i.f.i.'.'.f.-;i'.‘.
- 1 ! £ 035 (8 A0-80r% i} BO-E0R
o o3 En
I If'I-!Ell'qIIIMIFlrellir:niln*.laryr ] = r;-.gg =
0o 2 4 ot L m
aose M Juis CTeEREE e,
_&¢ (rad) L i T A T LI LT

A ¢ (rad) ' A (rad)
Strong away-side broadening seen at low pr ,s0c

Is there a 'dip’ at the away-side?
Conical emission: Mach cone? Cherenkov? Other mechanisms?

Also note: systematic uncertainties should not be disregarded
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25< pT,trigger< 4 GeV 6 < pT,trigger< 10 GeV

< _—
2 STAR preliminary 1 < Prassoc < 2.5 GeV STAR preliminary |
o 0-10% i |
> 1
O = AuAu

g 0.5 o dAu

o

L= I
< 0.5
- !

- Ay
o 0 &'

Systematic study of intermediate p; .55, Under way
Broadening persists to higher p; ..., but not ‘dip’

What happens to the away-side at intermediate p;?
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Conical Flow vs Deflected Jets
STAR 3 particle : Given a trigger, plot plot ¢, vs ¢, for 2 away particles

0 Q Z_§—_;\;'r—.2 Preliminary
= [
§ - HP2006=QM2005
Q
. 3 Central Au+Au
E < 0-12% triggered

ZY AM/Purdue normalization
3< pT,trigger <4 GeV

0 ¢4 T
© o @
© o @

Not obviously the best projection-difficult to understand
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Method being developed in PHENIX-Better Projection?

Trigger _ _
A Cone simulation

_______ _ Combinatorial
=" Associated background AN

-=

\ ‘ Q' ‘\\
N ”"mm:iﬁm\\“\“ Q

v ;
"0"'\ FONHITRMAR 1% " “
"Qﬁ.&s ’3‘3"

L More strength A$p=180° swamped?
Motivation: at A¢ =0 for deflected

cone ‘lives’ at wited Jet simulation

constant 6
’5\\ “]I '"lmnm““\“

’4*» N1
X .A fARE

Cone is not back-to-back with trigger in 3-space A AN
Must distinguish hollow from solid moving cone

VanlLeeuwen-Ajithand-HP2006 0.7
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PHENIX Acceptance

PHENIX Preliminary
Ap=0 Cent: 0-5%

I1.00

3< pT,trigger <4 GeV
1 < pT,assoc < 2 GeV

—1

Uncorrected,
no v, subtraction

Cone simulation Middle of

Long Learning Curve
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N.N. Ajitanand’s Hard Probes 2006
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