M. J. Tannenbaum
Brookhaven National Laboratory

Upton, NY 11973 USA

DNP 2006
Nashville, TN
October 27, 2006

Office of -
(@ ance BROOKHAAEN Why x; distributions don’t... pH_\V_ENl X M Tannenbaum 1/20

SCIence NATIONAL LABORATORY

u. EPARTMENT OF ENERGY




3E
L

P < Z.
.z T
g
n §
*/2 ] f2
RN < 3,
R L .
o
g_ 1
-nf2 0 %/
.4 Pr < &,
202 [
ol
oF LTIV Y Y
-n/ ¢ /2

.01

y Office of

Science

. EPARTMENT OF ENERGY

NATIONAL LABORATORY

u
"~
™

|% ’
i [T 7
X
o

*
-
LX)

T T3
L
MF'
-

—~
(Y]

a
-
™

wt

0.3 < Pr

Inf2

T11 (17

-
~
t
2
-~
fn

(Pr<

tat
o~
B

-
I EREE
~
Pl
A
a2

-
~
[
-
X3

b
-t

=

15
TTTTTTT
.
a b
A
k-2
]

“
-
w

Tt
A

~
[

CCOR, A.L.S.Angelis, et al
Phys.Lett. 97B, 163 (1980)
PhysicaScripta 19, 116 (1979)

pre > 7 GeV/e vs py

From RHIC97--HP0O4

pH_\lf_Ele M. J. Tannenbaum 2/20




3E
L

P < Z.
.z T
g
n §
*/2 ] f2
RN < 3,
R L .
o
g_ 1
-nf2 0 %/
.4 Pr < &,
202 [
ol
oF LTIV Y Y
-n/ ¢ /2

.01

Office of
Science

u. EPARTMENT OF ENERGY

NATIONAL LABORATORY

u
"~
™

|5 ’
>
AL
o

*
-
LX)

T T3
L
MF'
-

a
-
™

0.1 < PT‘ Y.

Inf2

T11 (17

-
~
t
2
-~
fn

(Pr<

tat
o~
B

-
I EREE
~
Pl
A
a2

-
~
[
-
X3

b
-t

=

15
TTTTTTT
.
a b
A
k-2
]

“
-
w

Tt
A

~
[

CCOR, A.L.S.Angelis, et al
Phys.Lett. 97B, 163 (1980)
PhysicaScripta 19, 116 (1979)

-

~-—
bl

- -

pre > 7 GeV/e vs py

From RHIC97--HP0O4

S—
pH;)KéENl X M. J. Tannenbaum 2/20




3E
L

P < Z.
.z T
g
n §
*/2 ] f2
RN < 3,
R L .
o
g_ 1
-nf2 0 %/
.4 Pr < &,
202 [
ol
oF LTIV Y Y
-n/ ¢ /2

.01

Office of
Science

. EPARTMENT OF ENERGY

NATIONAL LABORATORY

u
"~
™

|% ’
i [T 7
X
o

*
-
LX)

T T3
L
MF'
-

—~
(Y]

a
-
™

wt

0.3 < Pr

Inf2

T11 (17

-
~
t
2
-~
fn

(Pr<

tat
o~
B

-
I EREE
~
Pl
A
a2

-
~
[
-
X3

b
-t

=

15
TTTTTTT
.
a b
A
k-2
]

“
-
w

Tt
A

~
[

CCOR, A.L.S.Angelis, et al
Phys.Lett. 97B, 163 (1980)
PhysicaScripta 19, 116 (1979)

Trigger p¥

JET

ke

- pM

pre > 7 GeV/e vs py

From RHIC97--HP0O4

pH_\lf_Ele M. J. Tannenbaum 2/20




3E
L

"y 8 L N_]  CCOR, A.L.S.Angelis, et al

T Phys.Lett. 97B, 163 (1980)
e PhysicaScripta 19, 116 (1979)

A
o
hy
tat
o~

[=]
= [
A RRERRE]
B
[
i
o -
oA
I EREE
"
o
A
-

-
~
[
-
X3

<pT

=
-

pre > 7 GeV/e vs py

-2 ¢ /2

A
[¥]
=
w

“
-
A

.01

]
~
(-
=
g
N
s
[
-t
A
-
M

iy
[+3
ETTT
£
e
==
}
S Ey
2 O é
L B
<]

VA %f:fégﬁco‘: BROOKHFRVEN From RHIC97--HP04 PH_\lf_Ele M. J. Tannenbaum 2/20

NATIONAL LABORATORY
U.S. DEPARTMENT OF ENERGY




3E
L

"y 8 L N_]  CCOR, A.L.S.Angelis, et al

T Phys.Lett. 97B, 163 (1980)
e PhysicaScripta 19, 116 (1979)

. th pT

Py

-~
~
(=1
B
-
g
-
ra

e & 2
>
o L
L I B ]
.
. L
. A
™)
-
Zf’
1
1
]
1
1
I’H’*J
1
II
)
Ilo
c
-t
|
o
—
72}
ey
=
=

>
o
§®)
=

A
o
hy
tat
o~

[=]
= [
A RRERRE]
B
[
i
o -
oA
I EREE
"
o
A
-

-
~
[
-
X3

<pT

=
-

pre > 7 GeV/e vs py

-2 ¢ /2

A
[¥]
=
w

“
-
A

.01

]
~
(-
=
g
N
s
[
-t
A
-
M

iy
[+3
ETTT
£
e
==
}
S Ey
2 O é
L B
<]

VA %f:f;gﬁco: BROOKHFRVEN From RHIC97--HP04 PH_\lf_Ele M. J. Tannenbaum 2/20

NATIONAL LABORATORY
U.S. DEPARTMENT OF ENERGY




789X 10 cmt

0L \ nPaiR TRIGGER Z/<Z
e’ 8 Gevic? ~/
C AE trlg

= et CHARGED
= 72 P, (=10}
1 ] 017s P, <8
' " . A8% Py <9610
- . x9sp, <60 <z,...>=0.85 measured
10.|\ A o g
-~ N -

6h " E } - N .‘ :an(Z)Ne_6Z
%:\ S o ' 44 N
| ey * independent of pr,

See M. Jacob’s talk EPS 1979 Geneva

} i 3 1 H H i H 1 i 1 £ i 1 i

0 01 020304 0506 07 080310 11 1213 1415

Xe

VA %f:f::gﬁcoef BROOKHFRVEN From RHIC97--HP04 PH_\lf_Ele M. J. Tannenbaum 3/20

NATIONAL LABORATORY

. EPARTMENT OF ENERGY



<

38 R.P Feynman et al. [ Large transverse momenta

10! oy
t p+p~b;+h*+X  8;=00

W=104 GeV prlhy)=40 T
. my' gm
1{]':' k L x,

- W hy=Jat I'l'l-f
=S

-1

=
o

1/N(trig) dN/dz

= 90°, and p, (tngger) = 4.0 GeV/c from
tering model. The upper figure shows the single-particle (0} tnigger results plotted versus

zp = —py(h*)fp) (n®) and the jet trigger plotted versus 2, = —py(h*)/py(jet) (see table 1). In the
lower Ngure, we plot borh versus zy, where for the jet trigger 2y = z, but for the single-particle
trigger 2y = {z,32p. The away hadrons are integrated over all raprdity ¥ and [180° — &) = 457
and the theory 1s calculated using (kjp—.q = 500 MeV. ® hy =70, x Ty = jet.
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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)/

<Z>"
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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 funciion in the
. interval 0.2 < z < 0.8 in e*te™ annihilation {fill circles) and LPTH data of the BS
ooz Collaboration {open circles).
A T T R R B Figures from P. Darriulat, ARNPS 30 (1980)
0.2 03 0.4 0.5 0.6 or (o} :] . .
159-210 showing that Jet fragmentation
Figure 21 Jet fragm ion functi d in diff: 568 - V=D | i 1 1 +a-
g Y de e 78y e o ot e ey o vy | functions in vp, e*e” and pp (CCOR) are the
O i P > 6 GeVesjullaqnares COOR. by same with the same dependence of b
(exponential slope) on “§”
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2 Prob. that you make a jet
d O _ dO'q % Dq ( Zt) with Py, which fragments
~ ~ T A
det dZt d th to a © with z=p/ p,,
1
do A zy
q oA / N _ / ~ . _ t
A7 — PT} fq(th) :Eq(th)_ ~ n—1 = A n—1
PT, p T3 P,
d o o Z; ~ Dq Dq Prob. that away jet with f?Ta
A d 2 d — “g (th ) T (Zt ) T (Za,) fragments to a 7t with
Prt@zt(zy 2.=Pr/Pra
o Pra  Pra  ZtPTa
a - A - A ~, - ~,
Pra  ThPrt  ThPTt
do 1 > Appears to be
m = — Y (}E ) D4 ( ) DQ‘ ( tPTa sensitive to away
dpridzdpra  Twpre 1 ThPTt jet Frag. Fn.
2, Ytlen oF BROOKHAVEN Why x,, distributions don’t... PH—\'/—ENIX M. J. Tannenbaum 7/20
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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;>)

Prt Pr
R s PO
—
XE P+
kf 1 kz 1 I pTa -~ —_— ﬁTa
<Zt(AT;L1?l)>V< T) _ \/<p0ut>_<3T >(1+3’12) T = Ty = =
&y (kr, o) T Y ' pT, pr,

* jp 18 parton fragmentation transverse momentum

* k 1s transverse momentum of a parton in a proton (2 protons)

Xg=-Pr*Pr/!pr )’ represents away jet fragmentation z

* Pou 1S cOmponent of away pr perpendicular to trigger p,

We needed <z > to solve for k. Tried to get it from xg dist.
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After many convergence difficulties, two vastly different fragmentations functions tried=No
effect on calculated x distributions---Mike, can you check this analytically?!
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dO_ﬂ' PTt ZtPTa
_ 5 D () D!
dpridzdpra Tnpre o 2 JD(=) (I hth.)

, B PTty 4/ PTt\_(n—1
Take: D(z) = Bexp(—bz) X (—)=A(—) (n—1)

Zt Zt
do, B2 A inptt N
7 - / " dy 2 exp —ba (1 + T
dpredpra  In DY, ThPTt
do, ADB
— / dzy 2z~ 2exp —bz,
dpre Pl t Jer,

Using: F(a, I) = / h t@~ Lot dt  Where I'(a,0)= I'(a)=(a-1) T'(a)
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d*c,  T(n)B? A .
det.dea b "‘%h p%t (1 + ;hL;ﬂ)n

do, _T'(n—1) AB
det bn—l p%t—l )

d P, Bn—1) 1 1
S e (42)
Apra .., bpre (14 ZE2)n
In the collinear limit, where pr.=xgpr: :
dP B(n—1) 1 1
iy ~ (ﬂ ) . — (43)
drg - b ThL (1 -+ :E'h)

Where B/b=<m>=b is the mean charged multiplicity in the jet
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* The only dependence on the fragmentation function is 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+xg/2h)"™ so that at fixed py, the x; distribution is predominantly
a function only of X and thus exhibits xg scaling, as observed.

The reason that the xg distribution is not sensitive to the shape of the
fragmentation function is that the integral over z, in (1, 2) for fixed p,
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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PTt

—pr, COSAP _ pr a:
pT, pT, pr,

measured Ratio of jet transverse momenta
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Now Apply Eq. To (STAR) Au+Au data

B— o 10 ' — T T T .
0F E: p"’ near away -~
n °pp F oLt o a 1
- i 080-40% <+ < oto o ° %
— i stop 5% Z -
: da
';-.‘a-?‘ e *+  —inclusives® . E 6 (@ . % |
g E:? [ R T g -
i o o 4r |
g o o -
E - % nl é 1
E E M D_ i I :
_ _ % 12[ ®) {% _
S 10 =
----- ’ | E | B¢
_ s 8 _
@
i E 6_— ]
‘c 4- h% ‘ |
i 5 4
} - £ 2 —
L 1 L . , - | i' D_ | . A . | . |
40 1 2 3 4 0 200 400 600
pJ_ (GeV/c) chhIdn

4 < py, < 6 GeV/c <p;>=4.56 GeVi/c pp, AuAu Vs =200 GeV
STAR, J. Adams, Fugiang Wang, et al PRL 95, 152301 (2005)
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¢ PHENIX p+p hep—ex/0805039
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a) * means data normalized w.r. ) 3, = 1.0
to hep-ex/0605039

Offi f
r/ﬁ Sclence BROOKHRVEN Why x; distributions don’t... pH_\V_Ele M. J. Tannenbaum 19/20

NATIONAL LABORATORY
U.S. DEPARTMENT OF ENERGY



10.000

1.000

dP/dxg

0.100

0.010

0.001 ——+1-

* STAR* PRL95 p+p
O STAR* PRL95 AuAu 40-80
A STAR* PRL95 AuAu 00-05

N
—]

p+p data*0.6 fit*1.0 X, =10

AuAu40-80 | data*0.6 fit*1.75 X p =0.75
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* Away jet pr/trigger jet p.,

decreases with increasing centrality

e consistent with increase of energy
loss with distance traversed in
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