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2 Compact, hermetic, EM + hadron calorimetry 

sPHENIX Concept 
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EMCal 

HCal 

RICH 
 Thin GEM 

tracker 

e.g. Compass, but 
with 3-d readout 

sPHENIX Forward 

h = 4

h = 2



sPHENIX Acceptance 
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(Spin) Physics Highlights w/ Forward sPHNIEX 

• Transverse Spin Program 

– Jet 

– Drell-Yan (DY) Process 

• Longitudinal  

– DG via Jets, g-Jet (correlated measurement) 

• Polarized 3He and RHIC Energy Upgrade 

• (Cold Nuclear Matter, Low-x Gluon Saturation) 
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Transverse Single-Spin Asymmetries:  
From Low to High Energies! 

ANL  
s=4.9 GeV  

spx longF /2
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BNL  
s=6.6 GeV  

FNAL  
s=19.4 GeV  

RHIC  
s=62.4 GeV  

left 

right 

p0 

STAR 

RHIC  
s=200 GeV  



Initial State Final State 

Sivers Mechanism Collins Mechanism 
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Much Theoretical Progress 

J. Seele (RBRC) 5 

Since the mid to late 90’s new extended 
factorization schemes (TMD and 
Twist-3) have provided a new mechanism 
to generate single spin asymmetries in 
these collisions. 

1. Initial-state (Sivers-type) spin-momentum correlations – Considers intrinsic 
transverse momentum in the nucleon and initial-state interactions 

2. Final-state (Collins-type) spin-momentum correlations – Considers transverse 
momentum inside a jet and final-state interactions 

3. Other Higher Order Correlations  

AN ~ (Initial State Piece) + (Final State Piece) + (h.o.t.) 

AN ~ (Initial State Correlation) + (Final State Correlation) + higher order  



Isolation of Sivers & Collins  Measuring these “pieces” 

J. Seele (RBRC) 6 

Initial State Piece 
 

Jets with identified hadrons 
(measure AN for jets) 

 
Do jets from certain quarks  
prefer to go left or right?  

Final State Piece 
 

Left-right asymmetry of identified 
particle inside a jet 

 
Do certain hadrons fragment from 
certain quarks to the left or right 

of the jet axis? 

With a good enough detector, we can unambiguously separate all these pieces 

0 
0 
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Slide from J. Seele from PHENIX Collaboration Meeting 

Important to have Jet Detection Capability in Forward Region! 



Sivers Measurement vi Drell-Yan Process 
The Drell-Yan Process 

110102103104105246810121416J/Mass (GeV/c2)Counts/0.1 GeV/c2

High Mass Low pT Drell-Yan 
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DY vs. DIS 
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• solid factorization 

• no fragmentation 

– direct correlation of intrinsic transverse quark 
momentum to the proton spin 

• fundamental QCD test 

DY DIS 

COMPASS Collaboration Meeting, 2nd-4th July 2008, CERN

S.Melis

Sivers Function

 The PDF for a transversely polarized proton can be written as:

f q/p↑(x , k ⊥ ) = f q/p (x , k⊥) + 1
2
∆ N f q/p↑(x , k⊥) S T · ( P̂ ×k̂ ⊥)

= f q/p (x , k⊥)
| { z }

unpol. PDF

+ 1
2
∆ N f q/p↑(x , k⊥)
| { z }

Sivers function

sin(φS − ϕ )

where S T is the proton transverse spin vector, with azimuthal angle φS ,

and P̂ the proton momentum direction.

Other notations: 1
2
∆ N f q/p↑(x , k⊥) = − k ⊥

m p
f ⊥q

1T (x , k⊥)

Bound:
| ∆ N f

q / p ↑( x , k ⊥ ) |

2f q / p ( x , k ⊥ )
≤ 1

∆ N f q/p↑(x , k⊥)S I D I S = −∆ N f q/p↑(x , k⊥)D Y
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Existing Experiments of SIDIS  
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Sep 29, 2011 Zhongbo Kang, RBRC/BNL

Predictions for Drell-Yan process at RHIC

Reverse the sign of Sivers from SIDIS and make predictions for Drell-
Yan production at RHIC

13

Kang-Qiu, PRD81, 2010
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3s from AN=0 
1.2 < YDY < 2.4 
110 pb-1 @500GeV 

Assuming AN~ 4 – 5% 



• Precision Charm/Beauty Measurements  

• B J/ , Drell-Yan, ’  

m

Drell-Yan  

prompt 

14 
Slide from Zhengyun You, RBRC, 
3/8/2011 

Drell-Yan measurement 
 Heavy flavor background 

ϒ-states 

J/Ψ 

Drell Yan 

4 GeV < M < 10 GeV 

Background (bottom,Charm) rejection using FVTX  

1.2<y<2.4 

• Precision Charm/Beauty Measurements  

• B J/ , Drell-Yan, ’  

m

Drell-Yan  

prompt 



Heavy Flavor Background Suppression 
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ϒ-states 

J/Ψ 

Drell Yan 

DCA < 1  cut:  

Increase DY/bb ~ 5 

DCA < 2  

Increase DY/bb ~ 3 

DCA < 1  cut:  

Increase DY/bb ~ 5 

DCA < 2  

Increase DY/bb ~ 3 

DCA < 1  cut:  

Increase DY/bb ~ 5 

DCA < 2  

Increase DY/bb ~ 3 
DCA < 1  cut:  

Increase DY/bb ~ 5 

DCA < 2  

Increase DY/bb ~ 3 



DY S/N w.r.t QCD backgrounds 

• Drell Yan signal 
– 3 – 10 GeV/c2 

• Energy cut 
– E1,2 > 2 GeV 

• Forward rapidities  
– Effectively no  

background left 
– Statistically limited 
– Drell Yan 

for minv < 3 GeV/c2 not physical (PYTHIA settings) 

16 



Longitudinal 
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ALL 
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Nucleon Structure Physics: sPHENIX Plan Longitudinal Spin Effects

for d irect photons as show n in Figure 6.10. The dom inance of a single lead ing order pro-
cess at m idrapid ity (quark-gluon Compton scattering) [264] reduces theoretical questions
about interferences of d iagrams and canceling spin contributions, and thus remains a key
check for global constraint fi ts.
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Figure 6.10: Expected uncertainties in A
γ
LL as a function of pT for |η| < 1 and 2π acceptance

for
√

s = 500 GeV 500 pb− 1 and a polarization of 0.6. The red curve corresponds to GRSV-
std and the black curves corresponds to GRSV-max and GRSV-m in.

Other future measurements should focus on extending the x-range to low er parton mo-
mentum fractions, as d iscussed already earlier in this document (see Section 5.2). Addi-
tionally, correlation measurements via d ijets or photon-jet allow one to more directly con-
strain the shape of the polarized parton distributions in x. Both of these can be achieved
w ith the new PH EN IX detector, especially w ith the combination of the much larger accep-
tance of the central detector and the forw ard upgrade. Forw ard rapid ity measurements
probe a different combination of underlying hard subprocesses as show n in Figure 6.11,
in addition to probing partons at low er x.

For correlation measurements, at lead ing order in pQCD, the momentum fractions of
the partons involved in the hard interaction are d irectly correlated to the rapid ity of the
observed jets/hadrons (as w as discussed in the previous section). Such measurements
provide a much better handle on the parton kinematics and are therefore a very useful tool
for constraining the shape of the polarized parton distributions. It is notable that these
measurements are quite challenging. ALL is given by the ratio of polarized to unpolarized
cross sections

ALL =
∆σ(gg → gg) + ∆σ(qg → qg) + ∆σ(qq → qq)

σ(gg → gg) + σ(qg → qg) + σ(qq → qq)

As x decreases the unpolarized cross section increases because of the fast-rising gluon and
sea quark densities. Even if the polarized quark densities rose as fast as the unpolarized

147

• Broader kinematic 
coverage 

• Different combination of 
underlying hard 
subprocess.  

• Important inputs to 
Global fit. 



DG Smaller-x w/ g-Jet , di-Jet 
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Present RHIC Region 

Golden Channels 
• No fragmentation  
• Sign of DG  

Jet detected at  
mid rapidity 

h <1

Cleaner probe, fixed kinematics 
Simple interpretation  
of experimental data 

High luminosity demanded 



 

Polarized 3He-p Collision  

20 

RHIC 

NSRL 
LINAC 

Booster 

AGS 

Tandems 

STAR 
6:00 o’clock 

PHENIX 
8:00 o’clock 

eLenses 
10:00 o’clock 

RF 
4:00 o’clock 

ANDY 
2:00 o’clock 

EBIS 

ERL Test Facility  

Jet/C-Polarimeters 
12:00 o’clock 

3He 

p 

166GeV/n 



Polarized 3He as “Effective” Polarized Neutron 

Effectively 
Polarized 
Neutron  

img from http://www.lns.mit.edu/nig/programs.html 
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Full Flavor Separation   
21 

(Energy upgrade required) 



RHIC Energy Upgrade  
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s w (650GeV)

s w (500GeV)
~ 2

Need to overcome machine issues:  
  Quench performance of magnets (DX, arc dipoles and quads, IR 

quads) 
  Crossing angles at IPs and luminosity 
  Polarization 
  Current feed-throughs 
  Power supplies and transformers 
  Dump kicker (strength, pre-fires) 
  Reliability generally reduced at higher energies 
  etc… 



J. Seele (RBRC) 15 

s through W+Charm - I  

Another un-resolved problem in longitudinal spin physics is the size and sign of 
s. Experiments have gotten conflicting results. 

 
An idea put forth by Vogelsang is to measure s through W+charm production 

s 

s 

c 

W 

Elegant, but VERY luminosity hungry 
(and requires central arm PID too) 
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Ds via W+charm production 

Model Input 

Se
a 

With More Luminosity … 



Summary 

• Hermetic EM and hadron calorimeters in forward 
acceptance: 
– Jet (cleaner measurement of DG, Sivers, Collins) 
– g-Jets, di-Jets (golden channel for DG, fix kinematics) 
– Different subprocesses combinations for input to 

global analysis 

• Sivers measurement via DY tests fundamental 
QCD 

• Full flavor separation of sea quark polarization 
using “effective” neutron target of 3He beam 

• Luminosity, Luminosity, Luminosity…. 
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Thank you for coming to RIKEN! 
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