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PH ENIX What is the origin of jet A;? / m“

<}T> bair
21 o <k2> - < T>111t1111a1¢ + < T>sott + <‘li >NL()

Intrinsic (Confinement) k;~ 200 MeV/c Soft QCD radiation.

(o) <ky>p-4°0 .
%gmy An example - J/y production.
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%hl(lrgger]
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(b) <kj_>h-.q Away

Extra gluon kick

Breaks collinear
Ny el €0 A () =1.840.23£0.16 GeV/e
Phys. Rev. Lett. 92, 051802, (2004).
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PN Another Possibility

< oy H‘»Ji

b = W o

- Spin-Correlated transverse momentum -
partonic orbital angular momentum

* We can perhaps measure using jet ky

» Sivers Effect in single transverse spin

- Idea proposed by Boer and Vogelsang (Phys. Rev.
D69 094025, 2004)

* Possible Effect in double longitudinal spin

- Idea proposed for the Drell-Yan process by
M.Ta-chung et. al. (Phys. Rev. D40 p.769, 1989)

- Same idea for jets proposed by DF
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PHUENIX | ke Helicity

(Positive on Positive Helicity)

T —— 34— Measurejet |(k7)

A

\

.
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Peripheral Collisions

|
Larger (k7 )

Integrate over b, left
with some residual k;

V

Central Collisions

Smalller (k?)




pH eNIx  Un-like Helicity
(Positive On Negative Helicity)

— T

Peripheral Collisions

— > Smal%er (k?)

_ Integrate over b, left
with some different
residual k-

> / \ Central Collisions
J \/ Larger /(K7 )
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pHTENX How does PHENIX /"”“

measure jet k.?
+ PHENIX doesn't measure jets, so
+ 10 - h* azimuthal correlation functions

Y Trigger m©

Aq)far ht

.......
.......

YN
| S |
?ﬁq
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pH ENX How does PHENIX ! (@\
measure k.?

+ Zero k-
* Non-Zero k-

Intra-jet pairs angular width : .. = (p

Inter-jet pairs angular width : o, = () @ (k)
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PH ENIX Jet Kinematics

s N ~ PT+ - pT
o : — 2 <}r’l'2"v> =~ V2 : 2t j E; IN
" VP + Pra

For details, see:
Phys. Rev. D 74, 072002 (2006)
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PH ENIX

* Min photon energy >
0.2 GeV (for bot
PbSc and PbaGl).

* Photon probability »
0.02.

» Two photon ener
asymene’rry <O.8.9y

- Gamma3 trigger
check for higher
energy photon in the
pair.

10/7/2006

¥ Identification

[ Run177690, pi0 mass,

PbSc, 1<pT<3 |

10000(=
auun:—
6000 i—J
4000: _

2000— |

Pi0Peak
Entries -2752897
Mean 0.09445
RMS 0.05805
¥? I ndf 934.5/47
N 8.31e+04 + 295
Sigma  0.01048 + 0.00003
Mass 0.136 + 0.000
const 169.1+ 4.7
slope -880.9+ 259

n'lll

sl M W WV I T L e R Wl ol e
0 0.05 0.1 0.15 0.2 0.25 0.3
mass
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Entries 4011
L Mean 0.1332
- i RMS 0.01425
1200— :r% 42 [ ndf 240.3 /47
B gl N .09e+04 = 105
1000 | L\K Sigma  0.008991+ 0.000071
- _ Mass 0.1361+ 0.0001
r f k con 0.4112+ 0.7830
800— | slope 2.131+ 6.682
C i
600— i Ll%
r .
400— r 4
[ ]
C |
r P
200— i i
% 0.05 0.1 0.15 0.2 0.25 0.3
mass
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PHEENIX - Correlation Function

- Red - real (raw Ag)
» Blue - background (mixed events)

35<P_ <45

3000 |-

2500

dN/ dAd

1500 |-
1000

500 |

Ad
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PHYENX  Fit Function

= ) = = IT/2
(IJ?\'ITEQE J_ '“’4\‘ 1ﬂ,f,1:~ (Z:\I iR Tl ay !
—_— = — — | Co +C1 - Gaus(0) + Cy - 2
dA N dAd¢ ? (0) dAd | /s (2)
where
1IN 3w /2 . . 2 2 A
AN gy —PTa cOs A ( P, Sl Ac_-::r) 3)
— = crp | — - : .
A A - - . —_ - F/m2 N
8¢ Naz  \/2r @R Erf (V2rral v Rur)) 2Wut)
13.5<P, <4.5] 2 I ndf 207.1/115

* Black - readl |
(raw Ag) o

pout 1.113 £ 0.022
2500

* Blue - Fit from g

above equation ="

1000

500

0
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E— Fit Results
+ Red A - Like helicity (++ & --)
» Blue ¥ - Unlike helicity (+- & -+)

1.6 =
_-v_— N _"v—— . .
" PH:“ENIX Preliminary * ke heficity " PH:“ENIX Preliminary * e helicity
0.24 . ..
i ¥ Unlike helicity L ¥ Unlike helicity

i ¥ 1.4
0.22:— * E %

i E i

0.16 — 0.8~ #
0.14_ 0.6— %
_I 111 L1 11 L1 11 L1 11 L 111 L 111 111 L1 1 i

P., [GeVic] P, [GeVic]
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PHIENX Need z, and x,

© 6o from po — X' (z.)/(k7)

+ Simple parameterizations of z, and x, taken from
Phys. Rev. D 74, 072002 (2008)

* Our results are not sensitive to this parameterization
- only needed to set the scale

+ Use these parameterizations to estimate (k)

I ndf 5890 / ¥2 I ndf 298 /2
0.92 po 0.8464 + 0.02147 0.8 po 8.88
r p1 1483+ 6.75 r pi 0 0.13
- 2 3.208 + 4.276 F p2 8.838
ool P 0.75
- r p3 +0.2482
- 0.7
0.88— C
L 065
0.86—
N o8-
0.54_— J L ]
B 0.55
0.82— C
r 05—
081 045
oyalir i Lo Lo Lo Lo Lo Ly Py | I W WA A N W
82 3 4 5 6 7 8 9 2 3 4 5 6 7 8 9
P, [GeVic] P, [GeVic]
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PHIENX " Preliminary Results

+ Take the difference Like - Unlike helicities
*  Normalized by beam polarizations

+ jrasymmetry small (32 + 24MeV/c out of ~580MeV/c for
unpolarized)

*  ky asymmetry not small (672 + 387MeV/c out of ~3GeV for

UﬂpOIClI"IZCd) 2T nal 19615 %2 I ndf 1.347/5
M — PO 0.03257 + 0.02412 A——— PO 0.6719:0.3874
= v L Y —_—
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L i) lal B
o L L0
0.3~ > -
o i
E 0.2 Q"—' 2
3 L N
e B ("E’ = .
: 01— — 1—
o~ = 7 ~ -
=2 T + & f 1
< r . L .
n_>' or ] :"" o *
| m g B
a r % R
0.1 g _1__
L - L
L F:m L
0.2 N
N 2L
_\|||||\\||||\\||||||\||||\\||||||\‘|||| 7|‘|||||‘|||\|||\|||||\|||\||\||\|||\|I\
2 3 4 5 6 7 8 8 10 2 3 4 5 6 7 8 9 10
P, [GeVic] P, [GeVic]
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PH ENIX

= . .‘-.."- H‘A

W= W i

Summary

* Many more things to do:

- Can attempt to sort on "impact parameter” by
Iookm?.aT multiplicities in forward and central
i

rapidities (Done, but not yet PRELIMINARY - very
inferesting...).

- Sort by hadron charge to change mix of
interacting partons (PYTHIA MC).

- All of above with 19 in forward rapidities (MPC).

* Need theoretical guidance on how to
interpret in terms of connection to orbital
angular momentum.

* Look forward to Runé data analysis (~ x3 in
F.O.M.) soonl
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PH ENIX

Backups
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PH ENIX
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PH. eNix From Meng Ta-Chung et al.
Phys Rev. D40, p769, (1989)

Total transverse momentum squared
of partons  ps,0,,0,;+)= |kpg |2+ kg 2
j:2|kpﬂl|krﬂ|ﬁﬂ'5{ﬁp+ﬁr}

w—{ e For a particular impact parameter, b,
\ ERmm / % the average transverse momentum

‘-u____\_\_”_'___..-—" o
Lo, (P05, 0755) Y F (5,0,,01)d0,d0;
F(b,0,,0,)d0,d0
fD':b] P T P T

(pUb,+))=

Where, ¥(8.0p.07) js the product
of the Jacobian and the density profile
of partons, and D(b) is the overlap
region.
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PH ENIX From Meng Ta-Chung et al.
Phys Rev. D40, p769, (1989)

Like Helicity We can now helicity separate:
A{p2ib)y={p2(b,+))—(pHb,—))

T p
S Yﬁ'j‘- 3
* e :T?R The constant terms in p, cancel and
we have
e e

4 [, [ kerllkrg |c08(8p +67)F (b,0p,67)d6,d 67

A{p}(b))=

=

Un-like Helicity

F(b,0,,0.)1d0,d
J ., Fb:60p,67)d6pd6;

We can then average over the impact

e
o/ Kr parameter
A<p3}=fﬂmﬂ(pf[bl}b db /(2R?)
e e—
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PH ENIX From Meng Ta-Chung et al.

Phys Rev. D40, p769, (1989)

This paper makes the following assumptions:

1) Uniform spherical density F(b,6;,6)

2) kpr~kir~kg (no dependence on b, 8, 6;.)
Then,

4{kg )?

L —
&(P; )= m(2R)?

[Fwwas Evaluated numerically

2mb [ cos(0p+07)F (b,0,,67)d0,d 6
[ F(b,6p,07)d6,d0;
D

g

Ap2)=1.9(kg)?

Wib)=

10/7/2006 Douglas Fields
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FrrmEnNIx Our Model

« Use different transverse density distributions to
get p, kick from coherent spin-dependent motion:

p; kick Distributions - Solid Disk p; kick Distributions - Glauber Model
20000_ IIIIIIIIIIIIIIIIIIIII L_ 24000; T 1T | LI | T T 1T | T 1T | TT 17T | T 1T | IL:
18000f 3 22000¢ =
160005 E 20000F =

F 1 18000F 3
14000 = 2 g

c ] 16000 -
12000f 3 14000 =
10000F 3 12000F =

8ooof = 10000 =
6000 3 8000k E
4000L i s000t E
B E 4000F 3
2000 = 2000 =
0_ L1 | L1l | 1 11 | 111 | | | | L1 L1 0_ 1 | IIIIIIII | | | | | | L | 1 i

0 100 200 300 400 500 600 0 100 200 300 400 500 600

p; kick (MeV) p; kick (MeV)
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PH ENIX

Our Model Results

» Basically independent

of transvers
distribution.

e density

* Ranges from 0.3 to

0.6 times th
momentum.

e Initial

* Very crude — would
like suggestions to

Improve.

10/7/2006

Douglas Fields

Model

< Apr >

Solid Disk

Glauber Model

2D Saxon-Woods, a

2D Saxon-Woods, a=0.5

3D Saxon-Woods, a

3D Saxon-Woods, a

96 MeV

135 MeV

2 | 168 MeV

196 MeV

2 | 154 MeV

51 198 MeV
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RN Sigmaye,. and xzkt /

-‘ ) WR nmm
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PH ENIX

* Gnear/ 60‘”60[“

* Mean consistent
with zero and width
consistent with 1.

Bunch Shuffling

Enirs
Maan
ey
Cansta
Maan 00001724 1.00706E2
sigma ©9911- 0051

L I | ! L

] + ¥+ + *

g

H

a0
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PHTENIX Bunch Shuffling (p,,+)

Z0<PT<25 — 7 — 75<FT<30 ST
T o = s =
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rmenix  Bunch Shuffling
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P.ut @S @ Function of k;

e Can see the trend
of the far-side
width becoming
larger with input

Kr-

At the largest k-,
the method may
become unreliable
since the two
gaussians begin to

overlap.

10/7/2006

pr = 2.0 - 2.5 GeV

[ dPhi, 20<pT <25 | dPhi_allH 0

Entries 3912

: Mean 0.8879

200 RMS 1.473

- x2 I ndf 4348 /115

180 const 7.868 + 0.648

160 sigN 0.3003 + 0.0078

= YN 71.64+1.97

1401 pout 1.838 + 0.382

= YE 37.66 +2.79
120
100
80—
60—
40
20—

1 1 1 1 I IIIIIIII I 1 1 1 1 I
0 0 2 3 4
ke =8 GeV
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Compare to

* Plot of values of o as
k; varies. There are
eight such plots, each
for a different range of

Pt-

* Below, a comparison
of o from the
simulation to o of run
5 data. The minimum
corresponds to the
input k; that best
matches the data o.
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L 1=

o

ata

pr=3.0-3.5 GeV

0.6

05F

0.4

07

-~ Data

0.3F
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1
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Douglas Fields
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Compare to Data

L P =2.5-3.0 GeV

 To find the minimum, o

each plot was fitted o

with a second order £ oD%

polynomial: a + bx + o

CX2 0-25*“075““‘1““1.‘5““5““2}5“‘é““s%s““i“‘

Here the fit can be =

seen between values £

of ky=2GeV and ky = & =

3 GeV. " |

D
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Comparison to Data Results

* The final results are eight

minima, one for each Ptbin  Minimum
2.0-2.5 2.659
range of pr,. 2.5-3.0 2.469
3.0-3.5 2.6164
 The mean of these 3545 5414
minima gives a k- of 45-5.5 2.5828
9.5-6.5 2.5408
about 2.60 +/- .150 GeV, |6575 2646
which is consistent with 7.5-9.0 2.8427
the k; result extracted Mean = 2.596 +/-* ~.150GeV
directly from the data Data mean ~ 2.68GeV (ppg029)

(ppg 029) * Estimated, not calculated
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