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PHENIX, PRD76(2007)051006(R)
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PHENIX, PRC76(2007)034904
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STAR-Jet event in pp STAR Au+Au central PHENIX Au+Au central
jth particle

__Spectators
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Spectators
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< : > view along beam axis
beam axis

* For point-like processes, the cross section in p+A or A+B
collisions compared to p-p is simply proportional to the
relative number of pointlike encounters

A for p+A, AB for A+B for the total rate

T ,g the overlap integral of the nuclear profile
functions, as a function of impact parameter b
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Power Law p;>3GeV/c all centralities n=8.10+0.05
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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(xy), f£(zy), are structure functions, the differential probabilities
for constituents a and b to carry momentum fractions z; and x5
of their respective protons, e.g. u(x),

d3o 1 A B 71'(]52(@2)
= — S Eab K
dxidxod cosf* s %fa (1)fp (22) 2217 (cos 67)

>:%(cos 0*), the characteristic subprocess angular distributions
and o,(Q?) = 25111(15?; oy are predicted by QCD

-
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Cross C ry £/S
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A E@
N 2
do C
b/ dt > X
f{f (1), fﬁe (¢ d @ probabilities
for constiti D r1 and o
Ol UIICID TEsPCeCLIVE PIOLOILS, b‘.g. uklbljj
d’o ma3(Q%)
— Zab 9*
dridxrod cosf* s ;f (Il)fb (z2) 2T1 X9 (cos 0)

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

and o,(Q?) = len(lg;/ﬁz) are predicted by QCD
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See the classic paper of Fritzsch and Minkowski, PLB 69 (1977) 316-320

. Inverse QCD compton Ggq»yq QCD angular distributions
q Ve isolated T ST
photons ' 1.0 -
Compton CHE 1t
g q / gf 3— _ 3: f qq
q Y R R
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cose; 00 01 O.CEOS li'IJ.'.H 04 05
Compton distribution is much flatter than scattering and peaked backwards from gluon
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3 g 2 1 + cos 0*
Substitution and Jacobean gives for a photon at pq, y. (and parton (jet) at p;, y,):
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Since the the photons from 7

— v+, n — v+ and similar decays are the principal

background to direct photon production, the importance of a precise estimate of

this background can not be overstated.
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1) Proves that initial state Au structure function is simply a
superposition of p-p structure functions including g(x).
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FIG. 3. Solid circles: Ratio of isolated direct photons to all

direct photons from the #"-tagging method. The statistical
uncertainties are shown as black error bars and the systematic
uncertainties are plotted as shaded bars. The solid and dashed

PHENIX PRL 98 (2007) 012002

Fraction of inclusive photon spectrum

curves are NLO pQCD calculations with three theory scales for
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fragmentation functions. Open circles: Ratio of isolated photons
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PHENIX Au+Au (central collisions):
< Direct y B
a4 10:_ p%p( f ;0 Preliminary
E GLV parton energy loss (dN%/dy = 1200)
B W - I | : I
NEASE AL
T q,l -------- 1-*-1-1-1--;--[----[ ------- fe o
u As P L j
: 4&1 \
i iTéﬁ**éﬁ#@T‘MMﬁ %‘% ‘% %
10-1:— ﬁ}\ %
_III|III|IIIIIIIIIII|III|I ]IIIlIIIlIII

O
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Direct y are not suppressed. st and n) suppressed even at high pr
Implies a strong medium effect (energy loss) since y not affected.
Suppression 1s flat at high p; Are data flatter than theory?
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PHENIX Au+Au (central collisions):
< Direct y B
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Direct y are not suppressed. st and n) suppressed even at high pr
Implies a strong medium effect (energy loss) since y not affected.
Suppression 1s flat at high p; Are data flatter than theory?
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Many models explain R, ,. All have different assumptions about nuclear overlap geometry,
medium expansion, parton propagation, etc, and use a parameter to characterize the medium.
For example, we give a fit to the PQM model, Dainese, Loizides,Paic, EPJC38, 461 (2005)

The derived transport coefficient é , the mean-4-momentum transfer’/mean free path, is strongly
model dependent and under intense theoretical debate, e.g. see Baier,Schiff JHEP09(2006)059.

o~ | | | I I
Fit by PHENIX including systematic errors arXiv:0801.1665 =
1
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@ o 5pSicra SVS‘VE““/MD/ & 0.5F
3 // §
03¢ ﬁ o3 o
0.2F e 0.2}
- _— : lo
L —— - [ 1| e T
0.1 —_— 0.1
GUrrEE R Y% @ e 0 5o 5w
p.(GeV/c) PQM Model { § 5 (GeV2/m) PQM Model { § ) (GeV<im)
B y A _ +3.1 2
n
2= Z (yi + ev0b, + €cyioe — pi(p))? L2y 2 <q>qu - 13'2—2-6 GeV /fm
7 e

0; = 0i(Yi + €,0b; + €cYiTe)/Yi
P>=5" Office of _ gy il
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Zhang, Owens, Wang and Wang, PRL 98 (2007) 212301
found in their model, €,=1.6-2.1 GeV/fm

g 0.6 BHENIX =° (Au+Au 0-5% Central) § 0.6
oc 05 :_Global Systematic Uncertainty +12% é 0.5
: §
0.4__ [ &'1].4
03¢ P e — -0
0.2F //,/—fi’_——___— 02
: e
0.1 0.1
:...|...I...I...I...I...I...I...I...I...
2276 8 10 12 14 16 18 2

p.(GeV/c)

30

20

of
Zhang,Owens,Wang,Wang Modi

1 15 2

1
2.5

Fit by PHENIX including systematic errors arXiv:0801.1665

127147618 222242628 3
Zhang,0Owens,Wang,Wang Model&,

n

2.

1=1

(yi + €p0p, T €cYiOc — Mz’(P))2

~9
g;

2 2
+ €, + €,

= ‘ Office of
/ Science
.S. Di IENT OF ENERGY

PARTM.

O; = Uz'(yz' + €0y, + ecyiac)/yi

NATIONAL LABORATORY

FragmentationTrento2008

_ +0.2
Again a precision of 20-25% (10)
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LHC 3 4 5 6 7 8

10 — I T—y—y———————————— (} °® ’ :

[ . A 200G 10 ] can’t get error on best fit from

L L o big_ -

. : Py =B 5GaV pr 6 5GaV v*/d.o.f curves, need x2. N standard
0.8p, ., | —— R,, p,=B+5GeV 416

PoPbor® 5.5TeV 0-10% ] deviation errors on fit parameters

_& | \\ '.'].... YT IM pTw=20i.5lGEVpT-'°=1ﬁi.5GEV ! are given by X2= szln it NZ, SO
“'5 depending on d.o.f can’t really tell
o

from %*/d.o.f whether I,, gives
better constraint than R, ,

e However 2 . /d.o.f=2.8 for I, , fit
T TR T TR seems too large to be acceptable. (?)
e, (GeV/m)

0--...l-..
RHIC1.0 1.

FIG. 3 (color online). 'The suppression factors for single (R, ,),
dihadron ({,4) spectra at fixed transverse momentum and
y?/d.o.f. {curves with filled squares) in fitting experimental
data on single [16] (pr = 4-20 GeV/c) and away-side spectra
[17] (p;?g = 8-15 GeV, zr = (.45-0.95) in central Au+ Au

Zhang, Owens, Wang and Wang, PRL 98 (2007) 212301
found in their model, €,=1.6-2.1 GeV/fm. Good, but...
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better constraint than R, ,

e However 2 . /d.o.f=2.8 for I, , fit
seems too large to be acceptable. (?)

e, (GeV/m)

FIG 3 (color online). The suppression factors fef single (R, ,),

momentum and

eV/c) and away-side spectra
[17] (ptng = 8-15 GeV, zr = (.45-0.95) in central Au+ Au

Zhang, Owens, Wang and Wang, PRL 98 (2007) 212301
found in their model, €,=1.6-2.1 GeV/fm. Good, but...
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0.4- with 1.40-5.00 | N e o 6<pl<7 x10™]
[ P ] w o Tewe o+ 7<pp<Bx107:
i Ny ] X 401 @ - ‘
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o, f Nt o - © _10° e o, eS8
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1 b 1 R B B | -6
10 11 1 | 11 1 | 11 1 | 1 1 | 11 1 | 11 1 | 11 1 | |
-1 0 1 2 3 4 5 0 02 04 06 08 1 12 14
A¢ [rad] Xg
Trigger on a particle e.g. w¥ with transverse momentum py,. Measure azimuthal
angular distribution w.r.t the trigger azimuth of associated (charged) particles with
transverse momentum pr,. The strong same and away side peaks in p-p collisions
indicate di-jet origin from hard-scattering of partons. For the away distribution
calculate the conditional yield in the peak as a function of Xg~pr,/pPr
| - B
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DATA: CCOR NPB 209, 284 (1982)

Di Pion Angular Distributions comsstituenss
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‘ QCD
825 < M, ,<9GeWc? . 9<M,_ <D GeVk? © - 10sM <l GeVrc? QCD angular distributions
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d°c 1 A B T (Q7) \ap

=~ T To)—"23%(cos §*
dxdzod cos 6* s%fa( 1y (@) 2129 ( )

2% (cos 6*), the characteristic subprocess angular distributions
and a,(Q?) = Mnégﬁ are predicted by QCD
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w‘r pT pTa

J
th JET-*— W e

-
-
it

Pr /P Pr s the jet fragmentation variable: z, and z
qur ( Z) =B e_bz is a typical Fragmentation Function, b~ 8-11 at RHIC

Due to the steeply falling spectrum, the trigger m are biased
towards large z,, (z,)=(n-1)/b while unbiased (z)=1/b
pr, * Py

2
P,

I _ —Pr1, s AP b, Pr./Pr, Za
E = ~ =

o
— e

P, pr, pr/Pr, ()

From Feynman, Field and Fox: the xg distribution corrected

for <z> measures the unbiased fragmentation function

PP =5 Office of .
$ 4 Science BROOKHEVEN FragmentationTrento2008

d pFFF
dx E

~ (z) Bexp—b () zp
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Py

pTa
\ﬂ} Pou=Pt SiIlA(I)

Xg Pty

< = PDr / Pr  is the jet fragmentation variable: z,and z,

qur ( Z) =B e_bz is a typical Fragmentation Function, b~ 8-11 at RHIC

Due to the steeply falling spectrum, the trigger m are biased
towards large z,, (z,)=(n-1)/b while unbiased (z)=1/b

pTa.pTL

g = 5
Py

_ presAd pr _ pr/in _ Z

o
o

P, pr, pr/Pr, ()

From Feynman, Field and Fox: the xg distribution corrected

d PFFF
: : . ~ (z) Bexp—b{(z)xp
for <z> measures the unbiased fragmentation function dzg (2t} Bexp—b {z)
S Offi f
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k1] R.P Feynman et al, | Large transverse momenta

1
R o “There is a simple relationship
W=194 GeV py(hy)=40 7 . .
10° k b e between experiments done with
- single-particle triggers and those
107" 5 é performed with jet triggers. The
g - "{+,.+ | only difference in the opposite
© ey { side correlation is due to the fact
B0 L B that the ‘quark’, from which a
= 4-1 Zy=<EZp>Eg . . :
z - bl single-particle trigger came,
RECHE S always has a higher p, than the
» trigger (by factor 1/z,;,). The
10 away-side correlations for a
10-2 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)/
>,

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

O ) gy iy
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- | IQ | IOPIALIe*eI'\J§I:1I80IGel\/glluolnjelzt | ? ? L l ABARARLE I.I | I3I<[I.')T|<I I4I><|‘i0I I?
103 ® OPAL €'e quark jet - 10;_ PI—HK—ENIX o 4<p < 5x 101_=.
A DELPHI e'e" \6=180 GeV gluon jet J S . 5<p < 6><1O 3
DELPHI e*e” quark jet ] B o 6<p < 7 x10° 1
N 102: * 3 3 . 7<p < 8x 107
O i ] x Ar i
10 E =
> 102 TS .
= 1F 1 S 10% | E
2%t I Fod ]
= [ A, -
- 10—2;_ Q"A\ _;I 10-4§_ 4
z AT f E
1 03%_ b,=11.4 %? 10 %— fl _§I
-4: | | | | | | | | | | | I | | | | | | | : 10-6_| L1 I 1 1 1 | 1 1 1 |J" L1 | 1 1 1 | 1 1 1 | 1 1 1 | L1 I_
10 02 04 06 08 1 0 02 04 06 08 1 1.2 14 16
z Xg
PHENIX PRD 74 (2006) 072002. The x;, distribution
triggered by a leading fragment (it°) is not sensitive to the
shape of the fragmentation function!!! Disagrees with FFF!!
PZ=5" Office of _ gy s
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Relates ratio of particle py Ratio of jet transverse momenta

—pr, cosA¢  pr, R DT,
TE = ™~ —> Lh = —
PT, PT, PT: _
measured Can be determined

If formula works, we can also use it in Au+Au to determine the relative
energy loss of the away jet to the trigger jet (surface biased by large n)

: ) B———
| 7 Office of .
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Exponential Frag. Fn. and power law crucial

d*ox(pry, 2)  doyg
dﬁTtdZt det

IxDi(z) =

A
o,

XDg(Zt)

Let pr, = pr,/2e  dpr/dpgl|,, =1/

d2o-’n'(thJ Zt) L A
dpr,dz P!

—— X 2} °Di(z)

where ztmin|th = 27,

Di(z;) = Be =

1 do, AB
pr,apr,  Pr, Ja,

dzt

n—2

exp —bz;

Fragment spectrum given pr,
Power law spectrum of parton pr,

Fragment spectrum given p, 18
weighted to high z, by z,*2

Incomplete gamma function

Good approximation 7, — 0 upper limit — oo

| do, _T(n—1)AB

pr, dpr, i

Bjorken parent-child relation: parton and particle

Invariant p-. spectra have same power n, etc.
T

| 7 Office of
P BIIII RAUEN
J sc’ence NATION L LABORATORY
U.S. DEPARTMENT OF ENERGY

FragmentationTrento2008

N—
PH—\V—ENIX M. J. Tannenbaum 25/38



Xn
100-000 :l. LU LI LI LI | LI I LELILI J:
— 5 |dP; 1 1
- 1 |7 %(m,)(n—l)A(l_l_EE)n
10.000 | =
N X
% 1.000= = h
P — =
3 = - 1.0
A B _
3!
\4
> 0.100 = =
0.010 = =
0'001 L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1
000 025 050 07 100 125 150
Xg
Office of gl
VA Science BROOKHEVEN FragmentationTrento2008 PHE4ENIX M. J. Tannenbaum 26/38

U.S. DEPARTMENT OF ENERGY



102EI T T T 1T T T III|III|III|III|III§
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10k ° 4<p < 5><1O1_=.
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107 E
10 ™ E
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Xg

Calculation from Fragmentation Fn.

Vj Office of
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Xg

New fits. Very nice!
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3-4®1-2 GeVic -
x 1.5

3-4 ® 3-4 GeV/c
x 3.5

x 10 E

000%0g

5-10 ® 5-10 GeV/c ]

x2.5

e

ol

Away side correlation in Au+Au is generally wider than p-p with complicated structure

Define Head region (HR) and Shoulder regions (SR) for wide away side correlation.
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oo T3 | The away side py/pp~X
e e S h*(4<py,<5 GeVic)--h®
B 00.73Nio.05 o.93i::o.03 fs/;:f N leading particle Wlth th was —— it ‘ . .
HE meas0z os003 94/5 3 | thought to be equal to the £ 40<pi<5.0Gevic
- 5 | fragmentation function but < o e :Z:: :’e:';"::; ;
ool | [ we found that it is NOT - g . ;
= = | sensitive to the shape of the s g
- - | fragmentation function but | 906 5 o o |
oool _| | only to the shape of the Ol
= 3 | inclusive py, spectrum with Pt (GeVi/c)
N _ wer n (=8.1). Formula
i 1l 151 PR])) - (2006) PHENIX AuAu PRC
E = 77,011901(R)(2008)
— 3 | 072002 works for pp and AA
000800 Io.:lasl - Io.!aol - Io.'lrsl - l1.£)ol T ies dPﬂ' ~ (m) (n — 1) Al 13;
g d.’l?E P, Tp (1 + ;‘E)n

Measured ratio of particle p,/pr,=Xg=> Ratio of jet transverse momenta p, /p, = x,

zp = 0.52 £ 0.03 in Au+Au indicates that away jet has lost energy relative to trigger jet.

P>=5" Office of _ Byl
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o B PH ENIX # Run5%h -
[ e Nl ] 'ﬁ 20__ Pre|iminary # Run 5 Direct y-h ]
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I L E O O T ] 15— -
- ___________ ___________ _______ o _ ,,,,,,,,, | . ........ ] " E
¢ PH ENIX j oo ER 8 u ]
I [ 11 | [ 11 | | | | 1 Iplr?lfn;]ilnﬁﬂ}ﬂ | | I 111 | [ 1] | laal |1 | [N 1 | | 11 | | 11 B i
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Xg Xg Z ]
dP; 11 dN - | | | | | .
~ (m)(n—1)— 5 = D}(z) ~ Bexp —bzg ? T
Az gy, Zp(L+3E)" | dogl, p; [GeVic]

In order to understand whether away side xg distribution from a
direct vy 1s the (quark) fragmentation function must understand
why b= 8.2. Must also understand k. smearing for direct y.
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T

In order to understand whether away side xg distribution from a
direct vy 1s the (quark) fragmentation function must understand
why b= 8.2. Must also understand k. smearing for direct y.
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(1/Np,q) dN"/dz
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deFlorian,Sassot,Stratmann PRD 75,114010(2007)
thanks to Marco via Werner V for this plot

Hermes EPJC 21 (2001) 599-606
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(1/Np,q) dN"/dz
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deFlorian,Sassot,Stratmann PRD 75,114010(2007)
thanks to Marco via Werner V for this plot

Hermes EPJC 21 (2001) 599-606
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Hermes EPJC 21 (2001) 599-606
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DIS e+ e- LEP
o] n
"c C 4.5
< (a) > >
PR 5 | |aeen ZRC 21, 365 (1996)
N T =
= T e =
v L b i 35 [
= ) )
*-Z.. 1 L © N < 3
v N v e
g B 3 !
- 8 ) Las [
L . ] T N
[~ 2 L 1
i 2 \
I - 15 4; | .
- E) - \\“‘\‘ I:‘".
10~ —s . | | 1409
C < fb C 1 I
i ) ) . 0.5 |
- @ HERMES (Q°=25 GeV?) ", :
Y 0 s | s | s \ . | ; | )
L 0.7 0.75 03 0.85 0.9 0.95 1
O EMC .
10 -2 T T e e . Hg. 4. Comparison of the measured (2. ) function extracted from the
2-jet rates at go; = 0.06 to the Duke-Owens fragmentation function for
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 & = pr (dashed), and @ = Mz (dotted) with A = 0.2 GeV. The darkened
T area shows the result of a fit of the Duke-Owens function with & = p7
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giving A = 130%0.70

070 GeV with x2/4 = 0.48

but, they didn’t measure
n%; didn’t show any y/xt

B
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See the classic paper of Fritzsch and Minkowski, PLB 69 (1977) 316-320

___isolated
q L p-p
Compton photons
d /
q Y Owens, RMP59, 465
Annihilation (1987) also see Ferbel,
a Molzon, RMP56, 181
R806/R807 (1984)
: RbremsE o brems Y : 0.8 | IRb,”L - : S —
i o prompt Y 1 | oo \ ;Ei: 1683000{::;-" — ]
0-5: 0.4 |- \\ . PPVE= 63 GeV e
g : EI 0.3 |
g L 0.2 |
@ OfF— L

-0.5 ® BACKGROUND FROM MINIMUM BIAS
- O BACKGROU NLD FROIM~ 701"in Alqb
| i

4

6 8
Py

AFS (R806/7) PLB 118, 178 (1982): RP™™ <0.3 (20)
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dn/Nd¢ (rad™")

F1G. 27. Theoretical predictions for RY™* at various center-
of-mass energies shown vs xr.

1.5

P >1.0 GeV/c
Track

Correlations pr;;>6 GeV/c

1.25F
O Neutral Mesons
1.0+ @ Direct Photons
R110
0.75 +
0.5 Q

0.25F ¢ g $

0 $
Q
o.o-+-¢-¢-‘29.9.8-9_‘?. __________
0254 310" 610*' 910° 150" 1450° 180
Ag

No evidence for brems. contribution
to direct y--same side correlation is
zero--see CMOR (R110) NPB327,
541 (1989) for full list of references.
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e.g I. Vitev, pp 167-169 in Armesto, et al, arXiv:0711.0974 [hep-ph]

10° —————————
. 10* —- §"=200Gev 2T T T T T T T é
> 10_2 — s™oss500Gev & 19 j
G 10 5 ! -
s 107 L 05
é.- 10 0050 100 150 200
& 100} p; [GeV]
210"
SETN
12
< 10 RHIC ~
10 p+p collisions
10—14 1 ] 1 | . | .
0 50 100 150 200
p; [GeV]
we want
q Y —— |sr?la;ted
otons
Compton | P
/ from 2-2
N Compton
q Y in p-p
Annihilation
9
V/ i e BROOKHEVEN
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Q.
e

1.5 - T T T T T T
B Direct y = Cronin + HTS + EMC h
1.25 ——L_I\ — Cronon + HTS + EMC + QGP E-loss ]
1k i
= |
0.75:‘ ////———-—- \__

7z,

0.5 dN®/dy ~ 2000 - 4000 |
0251 [ Gentral PosPb, 52~ 5.5 Tev ]

O 1 | 1 | 1 | 1

0 50 100 150
p; [GeV]

No experimentalist would get this result

because we want to use the Compton
diagram in p+p as a baseline to measu
the initial state effect in Pb+Pb for the

Ic

case of an outgoing constituent from the

2-2 hard scattering, the photon, which
does not interact with the medium.

B
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X-N. Wang and Z. Huang PRC 55, 3047 (1997)

10 R
Aut+Au(b=0) s'*=200 GeV
1 ¢ ¢ without jet quenching - 10 |
Al HIUING ( AN®)
—~ 10 =
o i > 1
' 2 ~ -
210 | o S
(D - — (D) < _1
NulZ C (@
o 3) 0 — <10
Tio T a
= ) )
T 10 | 10
=] » .
> s / with energy loss
<10} € 10-3
o 5 0 02 04 06 08 1
0L 9
i B Z
10_77”@”\.‘\H‘\H‘\H.\H\H\Hi -
0 2 4 6 8 10 12 14 16 18 MJT-should scale the z axis to see
pr (GeVie) the energy loss (not take the ratio)
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dN®

¥(§ ) Borghini & Wiedemann, hep-ph/0506218
= OPAL, Vs=192-209 GeV
14 F— in vacuum, E;;=100 GeV ’
12 | ---- in medium, E;,=100 GeV ' :
o * TASSO.Vs=14Gev [
- =--invacuum, Ei,,=7 GeV
8  —--in medium, Ej,=7 GeV,”

S R )

1

B R 3 4 5 ¢ &l3)

Would be much easier to understand if they also plotted z in
addition to E=In(1/z): e.g £=3.0—2z=0.050

P> =5" Office of , Wy .l
© 4 science BROOKHRVEN FragmentationTrento2008 PH:-SENIX M.J. Tannenbaum 37/38

NATIONAL LABORATORY

u. EPARTM|



L3, PLB 259 (1991)199-208 PHYSICS LETTERS B 18 April 1991

450 45¢
w00f a) ° » DATA AL ® BOIGY TCO
s —— MC (JETSET 7.2) s, [ O JADE(5Gev)
5 350+ w}s [ O Crystal Ball 9.4 GeV)
<] v MC (HERWIG 4.2) 3 - e
© FoT N
S 3F o QCD (MLLA)
= [ -+
g 25| Awsnismev _+_
L a) it
05F . —_—
el . I o r-¢- Lo . 0 £ R I | 1 L 1
0 0.02 0.04 0.06 0.08 0.1 0 1 2 3 4 5 6
xp 7 :
50F b) charged = DATA [ uoe charged
et particles — MC (JETSET 7.2) o O TASSO (35 Ge) particles
© 500 v MC (HERWIG 4.2) un [ O TASSO(14Gew)
< ' % 5
2:400: = Al e
— r Q
300 "'"' 3
200 2
100} 1
P S | NI | L Il 0 " PR
0 0.02 0.04 0.06 0.08 0.1 0 1 2 3 4 5 6
Xp E»'p

We should be able to do this from y-rt® y-h away side correlations
in p-p (almost there, convert XE plot to §) and Au+Au to get a
Tannenbaum,Ting, Wang,Wiedemann (in alphabetical order) plot
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I could go on
for hours, but
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The biggest result at QM20067?!

-I wanted to make a T-shirt
pp dir y reference 1s pQCD

5 PHE.NIX ?)ur;ﬁtu (central collisions): B
1ok l . ;J Pretminary
; k — GLV parton energy loss (dN%dy = 1200)
1Em l +lﬁﬂﬁi'kfiﬁfff*f‘fffj+jj'j'fffff+ ------------------------------ -
ol fﬂ*x‘héﬁ#mﬁﬂ’k + %T

Cov o b by b b by )
@) 2 4 6 8 10 12 14 16 18 20
p;(GeV/c)

@ Office of .
4 Science DRDOKIAIEN, FragmentationTrento2008

U.S. DEPARTMEI

R (p) d’N7, /dp,dyN " <18
= = I
M AT, )dPor 1dp,dy 16

1.4
1.2
QM2005

1

0.8
0.6f
0.4

0.2F

Au+Au \[s,,, = 200GeV, 0-10%

:— N

- PH ENIX PHENIX preliminary
— o7’

N =)

-=dir. photon

u_lll | -] Ll I | - | | I - Ll

QM2006-
pp dir y reference 1s run S msmt
If R*, .= RY, , the whole concept
of energy loss changes: perhaps
no effect for p>20 GeV
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Au+Au minimum bias Eskola,Kolhinen,Ruuskanen

Nucl. Phys. B535(1998)351
2 AA 2
P do " [dprdy,  ( Foa(wr) o ga(zr) )
AA — ) ~
AAd%otr [dp dy,  \AFy(zr) — Agylar))
Direct Photon Au+Au\[s,,, = 200GeV, min. bias Eskola et al. NPA696 (2001) 729
—~ 2
‘4 8F. PHENIX gluons in Pb / gluons in p
g 1 GE_ pl‘EliI‘I‘IiI‘IaI‘y‘ 1.3 i I | IIIIII| | I IIIIII| LI IIIIII| LI IIIIII| I I: I IIIW
— 12 LHC RHIC 4
3 o - i
e 12k o 1 - .A = 28 ].()OOOEGc i
2 1. S0k -
B *#i{.ﬁ 11 + ! Shadowmg'/ . I
< 081 ¢ ! ! el P . :
Shetd i 08 ’5‘-’ = < .
?“—4? PHENIX 07 B s G'eVZE .
o2 T ' ; I B
Q:m|_":|_...I...I...I...I...I...I...I...I...I... 06 L il i|||||||| ||:|||||||:|||||||||:||:||||:X
0 2 4 6 8 10 12 14 16 18 20 10-5 10-4 10-3 10-2 10-1 1
4 100 x, 4 A

Do the structure function ratios actually drop
by ~20% from x=0.1 to x=0.2?
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Au+Au Central Collisions

L d*oy |y/dprdy,  (Faalen)ly  9a@D)l5) _ gp
AsAy d?ot? [dpt dy, ApFyplor)  Asgp(zr)

Raa =

Direct Photon Au+Au\(s, = 200GeV, 0-10% -

- 2 Theorists, HELP!
Zw 1.8[ PHENIX

é: LI prefimineny Very few attempts so far for structure
;ﬁé 1'4;_ function measurements or theory as a
= 1'25_ function of impact parameter:

< 0_3‘;’_—#**”5‘{%}1 E665, ZPC 65, 225 (1995)
> ogk . Li and Wang, PLB 527, 85 (2002)

o F ‘ Klein and Vogt PRL 91, 142301 (2003)
2 z‘; - PHENIX Emel’yanov, et al. PRC 61, 044904 (2000)
<= F and references therein.
= ® 2774 6 8 10 12 14 16 18 20

100 Experimentalists:
Nobody has seriously measured nor calculated RHIC p+A, eRHIC

structure function ratios as a function of centrality!!!
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CMOR, Nucl Phys B327

A.L.S. Angelis et al. / Direct photon production at the ISR 565
( ) Py > 6 GeV/c For All 3 Plots
Trigger
1.5 1.5
0.2< PTTrack <0.6 GeV/c 0'6<PTTrack <1.0 GeV/c
1.25F b 1.25 L
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Fig. 15. Azimuthal distributions of charged associated particles for the direct photon and neutral meson
samples (after background extraction) for pr ., greater than 6.0 GeV /¢ and for three different pr .
ranges.
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T g

Run 6 p+p, \/s,, = 200 GeV SEENIX
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Z I
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2 I'(n) B> A I
do, T (40) PHYSICAL REVIEW

: , | > 1 PTa \n’
dprdpr, 0" Xy pp (1 + 1) D 74, 072002 (2006)

do, T'(n—1) AB
d pry b pi}l_"

(41)

The conditional probability is just the ratio of the joint
probability Eq. (40) to the inclusive probability Eq. (41), or

[P B(n—1) 1 ]
o = (H ) > PTa \n'’ (42)
dpr, P bpr. Xy (1 + m)
In the collinear limit, where pt, = Xg Py
[P B(n—1) 1 ]
dbr | _Bln— D _ __ (43)
dxg | p., b Xy (1 + f)”
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® Due to the steeply falling power-law spectrum of the scattered partons, the
inclusive particle p; spectrum 1s 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.

d°c(Pr;, 2¢) do,

. — X Di(z) Fragment spectrum given pr,
dpr,dzy dpr,
A
= o7 (Zt) Power law spectrum of parton pr,
Tt

let pr, = pry/2e  dpn/dpnl|s = 1/2
d’o(pr,, 2t) 1 A

= — X Dq(Zt)
detdZt <t (th/Zt)n—l "
A Fragment spectrum given p 1S
_ q Tt
B p%t 1 X 2 DW(Zt) weighted to high z, by z,*2
where Zimin| pr, = TT; Di(z) = Be b7 (<z>=1/b)
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We can integrate over the trigger jet z, and find the inclusive pion cross section:

1 do, AB
In _ ~ / ! dz 2 2exp —bz (8)
pr,dpr,  pT, T

which can be written as:
1 do, AB 1
Ao _ 2B 1 v 1 beg) ~ T —1,8)] (9)
Pty det D, b"

where
['a,x) = f:o to et dt (10)
is the Complementary or upper Incomplete Gamma function, and I'(a, 0) = I'(a) is the Gamma,
function, where I'(a) = (a — 1)! for a an integer.
A reasonable approximation for small z7 values is obtained by taking the lower limit of Eq. 8
to zero and the upper limit to infinity, with the result that: | Bjorken parent-child relation:
1 do, T'(n—1)AB parton and particle invariant p
pr, dpr, ~ Tt P spectra have same power n

fzz}Tt dzzy ™" exp —bz [I'(n, bzr,) — [(n, b)] _n—1

1
b[[(n—1,bzy) —T(n—1,0)] b

A g
Gt(pri)) fxth dz 2% exp —bz

Inclusive high p; particle has n-1 times larger <z> than unbiased fragmentation, <z>=1/b
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dQ o (Dr 2 do Prob. that you make a jet
il (p Tty t) — 9 % D?r( zt) with Pg, which fragments

dﬁTt dz dﬁTt to a 7 with z=pr/ p,,

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

dgo-ﬂ'(ﬁTt} <ty Za) . dgq

q q Prob. that away jet
X D'zr(zt) X DW(ZCI) with pr, fragments

to a 1t with z,=pr,/p,,

dprdzdz,  dpr,

, _Pr. _ Pr, _ D1,
a— ~ — A~ ~ — =X
pPr, ZIThP1, IThPTy
d O 1 d 04 24PT, App.ea}rs to be
= — D'?r( zt) D'.?r( — sensitive to away
dpr,dzdpr,  Twpr,d(pr/z) Zupr,” | | jet Frag. Fn.
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3o, __ 1 do, D'”( )Dﬂ(zqup )
dpr,dzdpr,  Thpr, d(p7/ %) TypT,
Take: D(z) = Bexp(—bz) do, A :Aztn_l
dpr, PP
d*c,  B*A p_TL
- f o dzp2) " exp[—bzs(1 + = Lk
dprdpr, & P, I ThprT,
do
== dztz” 2 exp —bzy
dp T; th Ty

Using: T'(a,z) = L pa=1l ~t 1+ Where I'(a,0)= I'(a)=(a-1) I'(a)
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d°o, I'(n)B?% A 1

e

dpr,dpr, 0" Zppf (1+ ,@g‘i )"

do, T'(n—1) AB

o

dpq—'{, bﬂ_l p%ﬁ :

dP.|  _B(n—-1)1 1
Ap1lyy, P En (1 F )"

In the collinear limit, where pr, = zgp7, :
dP,| _B(n-1)1 1
dzpl,, b @p(1+ )"

Where B/b=<m>=b 1s the mean charged multiplicity in the jet
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For an exponential fragmentation function,

D(z) = Be™” |
the mean multiplicity of fragments in the jet is:
B
(m) = /01 D(z)dz = 3(1 —e™?)

and these fragments carry the total momentum of the jet:

B
1—e(1+0)=1

/0 2D(2)dz = ?(

where the (z) per fragment is:

/1 D(2)d I assumed b is the same
o #D(2)dz 1

(z) = L0 _ for ¥ and all charged.
J, D(2)dz (m) Then using B/b=b which
The results are: normalizes total
B_ b’ T momentum to 1, I get the
1 —e?(1+0b) correct jet cross section.
b(1 — e Obviously the total
(m) = I —eb(1+0b) ~b o, momentum for ¥ is ~1/3
l—eb(1+b) 1 so B for pure iV ~1/3 b?
) = b(1—et) b
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