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Understanding proton spin structure

» Need to understand dynamics of the nucleon spin:
— Contribution of gluons to proton spin (AG)

— Gluon feed-down to quark sea (measure Aq/q and Aq/q)
—W production unique in providing theoretically clean access

» Ay possibly gives us access to the transversity distribution,
orbital angular momentum, and higher twist effects

Quark Spin Gluon Spin

Spin 1:1A2+AG+ 2
2= 02

Orbital Angular
Momentum
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Flavor decomposition

Drell-Yan production of lepton pairs

» Maximal parton level asymmetry: g,,= -1 q 7 !
» Possible severe background from semi-IeB'ronic

decays of open charm productions - can be 9

improved with forward silicon tracking.

AEqL—MZ _ Aq(XA) ® A_ﬁ(XB) ® éﬁqL—MZ
a(x,)  T(xs)

W _production d W
» Produced in parity violating V-A process
— Chirality / helicity of quarks defined u

» Couples to weak charge

— Flavor almost fixed: flavor analysis possible

— Flavor ID reduces uncertainty in current pol-PDF models.
» E.g., PHENIX-Muon Arms

J = - »

AW, AU(Xa)d(x,) ~ Ad(x,)u(x, )
UMVERsm'()FéaLLFORNm ) U(Xa)a(xb)-l_a(xa)u(xb) | :}»‘ B

RIVERSIDE ' K. Barish



AG and forward detectors

12 —— Y ———
- GS’?E . . Baseline
S| AGGL4GeY), NLO . Barel
A 4 Endcap

XAG(X)
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Experimental access to low-x gluons

Gluons at low-x
» pp & pA ha q

— Y —uu, ee . 8
— Prompt photons hs
— Open Charm
— Hadrons
— Jhy production
— correlations

Iy
Map out previous diagrams

he DE01/95 T.1.
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Coverage of experiments

[ PHOBOS |
| spectrometer
S P char ged hadrons
BRAHMS Ay
STAR | STAR SFT PADR Y, Y, jets,
L el S I char m/beauty
| AN’ AL’ ALL
FI'I) % PHENIX
Z M nw+ Si -
§ 5 endcap Yy TCO’ J etS’ e1 ua HIL
a ‘ PHENIX ‘ Char m/beaUty, e!.L
NCC
AN’ AL’ ALL

0 1 2 3 4 5
Rapidity
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BRAHMS Pre;[minar},' Hadrons [1<p <3 GeVi/c]

PHENIX Preliminary Hadrons [1<p <3 GeV/c] ¥
PHENIX Preliminary Jf (p,+p,') [All p ]

PHENIX Preliminary Jf (E+E') [All p -]
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PHOBOS Detector System

TOE e New trigger system
=y TOr d+AuU PID spectra
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Pseudorapidity Distributions at 200 GeV

e d + Au at 200 GeV Min-Bias *p + pat 200 GeV
14_! T T T T T T " T " T " T " T " T "1 " T"] 3.5 AL " T .| T TT T
: RO Mini Bi ] - * p+pat 200 GeV inelastic (PHOBOS)
. BoBC e Minimum Bias | N
12 - 3 % p+p at 200 GeV inelastic (UA5)
= 10:_ _ 2.5 ggﬁ .,?';;*L}% i
-"‘g:: o . ..O..-.' - : ﬁé o Lt ;
Zu 8:_ 4 -'. —: E 2 *'E'L - %i _
o | ..-' o. N zﬁ i » q} |
6__' '. a o] 1.5 .{ E |
i \ : . B
4 A n ) | «
: . 3 r
ol arXiv:nucl-ex/0311009 and '-.. | o5l o . |
| Submitted to PRL %, ] ' I PHOBOS Preliminary |
| O U B P o o
543210123435 % 54 3210123 45 6
N 'n
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Cronin Effect as a Function of n (d+Au)

2
- 0.2<n<0.6 -". | 0.6<n<1.0 - 1.0<n<1.4
1.5/ - H’ +_ ~ L
| CANRL C -
s 4 et H:’“:*:;u”: e X
% '__--"FF;::W n,.?:”uuu._. | .-rf""‘.-i + ++
m g’ﬁuﬂ - u'l-l'u
05 ¢ _‘ ﬁ‘;
"PHOBOS Preliminary | ' ++ Erahms h
' d+Au 200GeV Preliminary
| A D I I I I IR B Ll
0 1 2 3 1 2 3 1 2 3 4
p+ (GeV/c)
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BRAHMS Experimental Setup

M-

| Time Of Flight Wall

Rapidity Spectrometer — MuthoRetty Ances
Beam-Beam Counters
& Zero Degree Calorimeters

] Time Projection Chamber
] Drift Chamber
L] Cherenkov Detector

J-| Dipole Magnet

2.47<n<5.29 Forward Spectrometer (FS)

The data at forward rapidities was collected with FFS at 4°
(n ~3) and 12° (n-~2)




RAA

High p; suppression for different n's
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*FAR

STAR Detector

];I:U Solenoid Magnet
Electiar;rjéneﬂc DDDDDDDD
Callzuérr:ﬂrr;:ejter
e M 8 e
= R R =8 el:-'T.Or == JE-E e EalaT=s
‘i |
o | | I« Endcap EMC
J ' 2y | | 1<n<2A¢0=2n
=
RN NN

Forward m0 Detector (FPD)
* Pb-glass EM calorimeter
» Shower-Maximum Detector (SMD)

* Preshower

L~ TPC:-1.0<n<1.0

// FTPC: 2.8<|n|<3.8

FPD: Im| ~3.8 (p + p)
Im|~4.0(p +pand d + Au)

Z=-785cm

East-North

East-Top

O
i

East-Bottom

East-South

Z=-620cm
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1

Forward m° Inclusive Cross Section

tl AR
., Vs = 200 GeV

3 0

S p+rp—oTn +X
Q10 - N B ()=3.8 - hep-ex/D310058

mg i ® (1)=3.3 - STAR Preliminary
E NLO pQCD calc.
= — KKPFF.

L 1t - Knatzer F.F.

] r
Q. i .,

o

nC | {n)=3.8

o7 ap=83™.

10 n )

0 ?Normalization
- Uncertainty = 17%
4 Ppp= 15 17 1.9 21 : 22 Gevic — A
0 rpp= 23 28 30 34 GeVic _..|. L
25 30 35 40 45 50 55 B0 65
E. (GeV)

* STAR data at

*(n)= 3.8 (hep-ex/0310058,
accepted to PRL, in press)

* (n)= 3.3 (hep-ex/0403012,
Preliminary)

 NLO pQCD calculations at fixed
N with equal factorization and
renormalization scales = p-

 Solid and dashed curves differ
primarily intheg - =«
fragmentation function

STAR data consistent with Next-to-Leading Order pQCD calculations



Ay for forward m© production at Vs=200GeV

STAR collaboration, hep-ex/0310058,
accepted by Phys. Rev. Lett. (in press)

0.013)
(=]
-

CNI
N —

A, (Assuming A
Q
M

o
(=]

e
0

7’ mesons
Total energy

— Collins

Sivers

" —-— Initial state twist-3 | _ /
- — Final state twist-3 % /

{pT}- 1011 1315 18 2.1 24 GeVic

-0.20

02

* p; dependence?
* X<07?

RIVERSIDE

04 06 08
Xg

In agreement with several models
including different dynamics:

= Sivers: spin and k, correlation in initial
state (related to orbital angular
momentum?)

= Collins: Transversity distribution
function & spin-dependent
fragmentation function

= Qiu and Sterman (initial-state) / Koike
(final-state) twist-3 pQCD calculations

» Spin dependencein jet?

e Heavy flavors??

A\ With mid-rapidity correlation? e Related to “gluon saturation” ???
UNIVERSITY OF CALIFORNIA
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J

Beam View

Midrapidity h* tracksin TPC

e -0.75<n <+0.75

Large rapidity gap rn° +h
correlation data are
suppressed in d+Au
relative to p+p at small
<xF>and <pT,p>
Consistent with CGC
picture

UNIVERSITY OF CALIFORNIA
RIVERSIDE

Top View

| STAR
Trigger by

forward =° Largerapidity

.Ep>ZSGeV gap Tco_l_hi
PNy =4 correlation data

*riﬁ I“ni correlations, vs = 200 GeV
I<n,>1 =40, In) <0.75

3

> p+p d + Au

= - S=11x17% - S=2+1.17%
O | B=504%1% | B=88.1x1.6%
_g 0.2 0s=1.1320.07 0.2 05=0.5410.27
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D e

CENRAL MAGHET —
Coverage 1<n<3

Forward Sillicon

Jets direction and energy Tracking detectors
photons —
INNER GO0

n0’s

+em
electrons
detached vertices for R
charm and bottom

— L1 1

= P

Central arm upgrades

Aerogel Counter-PID

RPC — for TOF

Barrel Sillicon tracking

Hadron Blind Detector
—Datliz rejection

Mull

UNIVERSITY OF CALIFORNIA
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PHENIX Forward Upgrade Components

Endcap Vertex Tracker Muon trigger
» dilicon pixel detectors » U-tracker (RPC or MuTT)
Nosecone Calorimeter » D-tracker (RPC'S)

» W-gilicon (only 20cm long)
» shower max (S)

({0

Muon from
hadron dec
Silicon endcap
Muon from W
/!
charm/beauty & jets: Jracke
displaced vertex
N Nosecone calorimeter D-Tracker
Muons from hadrons W and quarkonium:
Muons from Ws Improved p-trigger rejection

> Brmuon K. Barish



Space is tight

/
| Fi
\ .
- 600.0 —71
LY
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[} NI 1
\ ! | |}
[ ] | | |
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S f
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40.0 L 25. 0—1 |-——— 150.0
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Design thoughts

PHENIX preliminary design: > Good y/n° separation

14 cm of W absor ber

» Good position resolution

6 cm S readout

> e/h separation
+ > Reasonable jet measurements
» Triggering capability

Calorimeter
Lateral seg.
EM section:
v/m0 identifier:

UNIVERSITY OF CALIFORNIA
RIVERSIDE

4L, /160, Notes:.

15x 1.5 cm2 » AUAu is challenging

10 Lrad » Shower max layers required

at a depth ~5Lrad » Need upstream tracking to

(two layer s of ~2x60 recover J/¥ resolution in AuAu

mm?2 silicon strips)

This Is a huge challenge, but not
completely crazy!!

K. Barish



Coverage of NCC at 200 GeV

0.5 pbtpAu (run 12)
Alog(x,) AQ?=0.1x1 GeV?

Direct photon

\ log(x2) vs qsq ACC nose pt gt 2.5

h61

Entries 26465

2 50 — Meanx -2.278
Q e - 20 — 4§ Meany 2219
= 100 E:E‘S:x 0.2973
5 y 107
40 500
35
30 —
25
20 7
15 —
10 3
5 —
u = T | T | T T | T T |1
-4 35 25 15 !
Log(x,)

UNIVERSITY OF CALIFORNIA
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Level-1 triggering scheme

NCC UPMuT DWMuT mulD
3840

Channels
NCC FEM's Tracker FEM's 40 Exsting MulD ROC's

G-Link 40 fibers

Tracker LL1

NCC LL1 Existing MulD LL1

NCC, muon tracker
and mulD LL1s

\/

Regional Trigger
Processor

to GL1

UNIVERSITY OF CALIFORNIA
RIVERSIDE
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Summary

[ pHOBOS |
b spectrometer ____““"““"““"_““i
pP2pp
BRAHMS
STAR STAR STAR
TPC ENDCAP FPD
EMC | FTPC
O PHENIX
Z m n+ Si
— = d
R endcap
>
PHENIX
‘ NCC ‘
0 1 2 3 4

UNIVERSITY OF CALIFORNIA

RIVERSIDE

Rapidity

charged hadrons
AN

v, T, jets,

charm/beauty
AN? AL ) AL L

Y, T, JEtS, W, up,
charm/beauty, ey

5 An AL ALl

K. Barish



Extra slides ...

T e T e e e e e
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Semi-inclusive DIS

0.2

g B AP B
"”f' ¥*'+.ﬁ4—
0 '_::&:i':J::Jf:]i':‘ _:.:_{_I-;.:_f ——

Hermes: Phys.Rev.Lett 92 (2004) 012005

>

>

1 Comments:

>

YV V V

In addition to the scattered electron, one
measures in addition, the hadronic final
state(s) — leading K’s and 7’s

Access to flavor separated parton
distributions (e )

Treated only at LO so far
Q2 of 2.5 GeV?2 is a concern
Higher twist effects not included

u-quark “dominance” limits precision of d
and s-quark (and anti-quark) polarized
distributions.

“Hadron taging” technique relies on
knowledge of fragmentation functions

Measurements at the highest Q2 (RHIC)
are important.

W production (at RHIC) is an
independent and eloquent technique



Sensitivity goal: flavor decomposition

» The measurement of inclusive single spin
muon asymmetries is the least biased way to
probe Ag/qg, Ag/q.

— Complete theoretical treatment from first
principles by Nadolsky and Yuan using re-
summation and NLO techniques
[NuclPhysB 666(2003) 31].

— PHENIX is in the process of re-evaluating
their sensitivities using their NLO code.

R

» Measurement requires a trigger with rejection

&ﬁ/a - - ~10,000
o8 . L — Present muon trigger has a rejection of
51~ 70% polarization, 250 (run 3).

- -1 104 N
| 800 pb™*, 10* detected W's — Upgrade needed ... requires momentum

i GSISLOA) , determination at level-1 to reject
P T BS N. Saito: background due to hadron-decay’s into u’s
B and beam related backgrounds.
A (W) — Au7u(x1) @x,>>X, > Nose-cone calorimeter important to help reject
AL(W+) N —Ad/d(xl) @x2>>x1 hadron jetS off-line

(W™ and W™ have a different acceptance)
UNIVERSITY OF CALIFORNIA
RIVERSIDE
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