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RHIC as a polarized proton collider
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Transverse single spin asymmetry measured at

Ay o+p —> 7+ X at vs=200 GeV
0.15H Spin 1 - U. D’Alesio, F. Murgia,
- Spin 4 i Phys. Rev. D 70, 074009 (2004)
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: Sivers ( MES fit) . .
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0.1H - — twist=3 Phys. Rev. D 74, 114013 (2006)
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Theory prediction for Drell-Yan process

e, M —

 Sivers function:

——

S—

e InQCD
DIS: attractive Drell-Yan: repulsive
A 3 ,\/\f\f\'
As a result: Sivers|pig = —Sivers|py

Test of this relation Is a test of TMD factorization



Theory prediction for DY — new development

«SIDIS and RHIC pion production do not overlap in momentum fraction (x)

 Attempts to describe both result in a sign “mismatch” conclusion [Kang,
Qiu, Vogelsang, Yuan, PRD83 (2011) 094001]

Combined analysis of SIDIS
and inclusive pion production
leads to the conclusion that
the u-quark Sivers function
has a node at x~0.4

Essential to test predicted
sign change for DY in
same kinematics as SIDIS

A. Prokudin, Z.B. Kang, “Opportunities for Drell-Yan Physics
at RHIC” workshop (May, 2011) 6



Motivation for a feasiblility experiment at RHIC

Forward upgrades of STAR and PHENIX are major undertakings and would
benefit from a feasibility demonstration of forward DY production.

Forward DY production is of interest for more than just the analyzing power,
e.g. most robust observable to low-x parton distributions for intercomparison
to a future electron-ion collider.

A\DY can run in parallel with RHIC W program.

A\DY goals

To establish that large-x. low-mass dileptons from the DY process can be
discriminated from background in Ys=500 GeV p1+p collisions.

To provide sufficient statistical precision for the analyzing power for DY
production to test the theoretical prediction of a sign change compared to
transverse single spin asymmetries for semi inclusive deep inelastic
scattering.



Requirements for DY

e Luminosity (Lint ~150/pb required)

« Background Reduction
o0 electron/hadron discrimination

o Charged/neutral discrimination and photon conversion background

o Open heavy flavor (c, b) production

o Is a magnet plus tracking required for forward DY?



Collision energy dependence of DY production
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Comments...

« RHIC pp luminosity largest at Vs=500 GeV
« partonic luminosities increase with \'s

* net result is that DY grows with s

« in any case, largest Vs probes lowest x

— Consider large-x- DY at Vs=500 GeV

MZ
XS

— Forward DY production probes valence
region for “beam” and x,~10~* for “target”

large X = X, = X and X, ~

5 for Vs=500 GeV (M>4 GeV/c?)



Schematic of detector considered
Original plan for Run-11

Pre—Shower

IP2/DY—Run11
i
| ﬁ
X
/N
100 cm
> z E—

HCal

Hcal is existing 2x9x12
modules from E864
(NIM406,227)

BBC and ZDC

establish impact of 3 IR
operation on PheniX and Star
luminosity
calibrate HCAL

absolute Energy scale

with p, @, K,

gains with cosmics
measure the hadronic
background to bench mark
MCs further
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Schematic of detector considered
Run-12 configuration

2nd Pre—Shower

FPb Converter

Pre—Shower—>

\/

y 2

5

EMCal

/I\

HCal

*HCal is existing 9x12 modules
from E864

« ECal is modeled as only
(3.8cm)?x(45cm) lead glass

* Preshower would require
construction

PHOBOS split dipole expected
to be in place, but not used

Goal: to acquire data sample

to observe J/y —» e+e-, Y — e+e-
and dilepton continuum between
these signals as a benchmark for
DY feasibility
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Schematic of detector considered
Run-13 configuration

IP2/DY—Run13

Pb Converter

F’re—Shower\\

MWPC ——>

/2r1d Pre—Shower

X
FiberTrackers
N r\
PheobosMagnet
F A
100 cm EMCal HCal
% y 4 E—

* HCal is existing 9x12 modules from E864

« ECal is modeled as only (3.8cm)2x(45cm)
lead glass

» Preshower would require construction

*« PHOBOS split-dipole magnetic field in
GEANT model

* Fiber tracker stations and MWPC require
construction

Uses PHOBOS split dipole
for charge sign

Goal: to acquire 2" data sample with
tracking to quantify the role of charge
sign discrimination in suppressing

backgrounds
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Background estimate
p+p. ¥6=500 GV, PYTHIA 6.222, Ly=14.8 ob”

g3 —AIDY
= _ DY model 2 X5
Y. ¥.+r.h+hh 50
102
102
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“I L1 1 I “I L 111 1 11 D-_ 1 1 1 I Il 1 1 ”
N, 5 10 15 0 50 100 9, 2 4

M,, (GeV/c”) P (GEV/ -.:} Pr (GeV/C)
hadron simulation (linear dN/df).  Pu=0.5 f,..=0.9 P.,=0.95

Comments: photon conversions included /0.5 cm anthracine Preshower
neutral—pion cluster rejecticn

« Conversion photons significantly reduced by n®—yy veto
» Preshower thickness tuned, although perhaps is not so critical given photon veto

 Linearly decreasing dN/df (fast-simulation model for hadronic response of ECal) estimates
smaller hadronic background = increased sophistication needed for reliable estimates,

although other model uncertainties could easily dominate
13

» Open heavy flavor backgrounds also estimated and found small due to large rapidity



Run-11 implementation

Trigger/DAQ electronics

Left/right symmetric o : : - '.
ECal - S8 Blue-facing BBC

Left/right symmetric
preshower

‘ [N

Beryllium vacuum pipe
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Schematic of detector for Run-11

Polarized proton collisions at ¥s=500 GeV from
February to April 2011

IP2/DY—Run11

106%em
—

IR BBC—Blue

Preshower HCal

¥

ECal

Z y = Ocm

* Beam-beam counter (BBC) for
minimume-bias trigger and luminosity
measurement from PHOBOS [NIM
A474 (2001) 38]

« Zero-degree calorimeter and shower
maximum detector for luminosity
measurement and local polarimetry
(ZDC/ZDC-SMD, not shown)

« Hadron calorimeter (HCal) are
modules of 9x12 lead-scintilating fiber
cells from AGS-E864 [NIM406, 227]

« Small ECal (~120 lead glass cells,
(4cm)?x40cm) loaned from BigCal at
JLab

* Newly constructed preshower detector
(two planes, 2.5 & 10 cm)

15



Impact of IP2 collisions

Window Markers Analysis

IP2 collisions have begun <3 hours after physics ON with minimal impact on
IP6, IP8. Adequate luminosity for AyDY (10 pb-t/week for Vs=500 GeV polarized

proton collisions) is projected for subsequent runs.

Experimental Coincidence Signals
600 . . lm
| Fri. 8 April
sool | | 1.50x10%/bunch
| Minimal impact on |

l STAR,PHENIX
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Time (Start Fill = 15425)
STAR.ZDC. (C) FHEMIX. ZDC. (C) AnDY. ZDC. (C)
Print file type (.gif) to file (153425.zdc.rates.ps).

A
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Integrated luminosity in Run-11

1790 AnCY integrated luminosity
[ x1.44 carrection of Hank scaler/RHIC scaler

7 [ Assumme BBC coincidence has 25mp = 37mb+0.B{eff 0. BE{vixcut) ] ]
- Assumes ZDG coincidence hos 0.48mb (2mrod) » Presently, no accidentals correction
[ Assumes ZDC caincidence has 0.57mb {1.5mrad) (found to be |arge in some stores for

& [ Assumes ZDC coincidence has 1.05mb {Omrad} ZDC) A” rates are Scaled by bunch_

5: crossing scalers, following 20110330
A access and subsequent timing

L systematically increased / adjustments.
: thresholds for IP2 « Effective BBC cross section has been

s [ collisions revisited through full simulations and
[ now is in better agreement with

2 [ ~0mr crossing Tngle vernier scan measurements
[ ~1.6mr crossing angle \ _—

~2mr cfossing angle \ (fill=15457)

1 - .
i \ o Jet analyzmg power measurement
e T T sets goal of 10/pb for runll

1020 11050 11DBO 11070 11080 11080 11100 11110

year+doy

Many thanks to C-A for IP2 collisions
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Calibration of Hadron Calorimeter

 Relative gains — with
cosmic ray muons

* LED system to monitor

stability
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Calibration of Hadron Calorimeter

Absolute energy scale - based on n’—yy reconstruction

p+p, vs = S00 GeV, HCal with ¥ selections  Require: (1) 1-tower clusters; (2)

200

-~ PYTHIA/GEANT set=12 || E>1.8 GeV, (3) [x|>50 cm to avoid
180 [—Data, set=8891 o ECal shadow; (4) >1 clusters to

] ! form pairs; (5) E,,;>5 GeV; and
el H] 2 (6) Z,;<0.5.
140 | - « Apply to 20M minimum-bias
o [ | aft [ Right events from runll data

* Apply to 20M PYTHIA events

has - subjected to BBC charge sum
a0 [ o trigger emulation (no vertex cut)
so L - « Data and simulations are both

[ [ absolutely normalized, so PYTHIA
0 | - IS expected to provide a good

i - basis for QCD backgrounds to DY.
20 — il

i | | . i | « Hadronic corrections expected to

0 025 05 075 1 0 025 05 075 1 be small. Mass reconstructions to
HCal cluster pair mass (GeV/c%) demonstrate this are underway.

19



Jet Trigger

Run=11080047.001.50, ZHCal, trig=jet
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7(Q (black=no outer 2 perim/red=DSM/blue=no cols 1,2)

20110322

Hadron calorimeter is quiet
~107ns before jet event

Jet trigger sums HCal response
excluding outer two perimeters
(rather than just two columns
closest to beam)

Definition is consistent with
objective of having jet thrust
axis centered in hadron
calorimeter modules

HCal energy scale is now
determined

>750M jet-triggered events
acquired during RHIC runll

Hadron calorimeter is quiet

again ~107ns after jet event 20



Towards Forward Jets

p+p, vs = 500 GeV, jet trigger with ¥ calibration p+p, vs = 500 GeV, jet trigger with ¥ calibration
v 1 N
Left Right x ' fleft Right
1w L . C C
LI_I - -
o
i [ TE > 40 GeV
- L
19 = <> =3.1
o

Events /GeV/ Ny,

1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 _3 1 1 1 I 1 1 1 I 1 L
0 50 100 T 50 100 150 0, 0.2 0.4

HCal masked ZE (GeV), assuming ¥ calibration

P IR T L1
0.6 o ¢z

distance of tower from jet in (7,¢), R

» Good agreement between data and PYTHIA/GEANT simulation for summed HCal

response excluding outer two perimeters of cells = QCD backgrounds can be
modeled

1 [ |
0.4

0.8

» Good agreement between data and simulation for jet shape

* Next up: forward jet analyzing power 21



Forward Jet Energy Scale

p+ p, \/S = 500 GeV, jet tl’igger With 7 CO“bI’OﬁOn p+p, vs = 500 GeV, jet trigger with y calibration
— 103 £ s [Right Arm
8 80 T nght Arm Ew _75I<ZE,,.,,,.,,<80Ge\/
§ : 3 Gaussian fit results...
Q - " TE=70+1 GeV
8 70 12 0=10%1 GeV
O 10
O
£ 60 .
m 6
.g 102 \
O 50 ,
£ A T
Q 40 IE=YE., + ZE,cq (GeV), using scaled y calibration
| -
o -
Wy  Jet energy scale determined by
W 30 association analysis of
_ — 10 simulation
20 . ]
" 1 < Required to add ECal energy
‘0 1 deposition to masked summed
] HCal response
10 20 30 40 50 60 70 80 ]
TE=3Ecq + LEuu (GeV), using scaled ¥ calibration « Small rescaling (<10%) of HCal

energy scale is applied, likely to

account for hadronic corrections
22



Status of A\DY

« Calorimetry required for experiment is at BNL. It p+p—>e'e™+X, vs=500 Gev, PYTHIA 6.222. Lix=100 pb™

Is on loan from JLab until July 2014. L [models
. E

 Layout for second stage (no magnet) is Eoo7s |

complete, with specification of azimuthally § 0.05 [

complete HCal, ECal and segmented preshower &vozs |

detector. o | |
- Existing split dipole does require modification to ™} Moo aon

match acceptance of final calorimetry plan. B <Z, 0004

. . ] ] _0'075;_ 97298 events

« Staging of apparatus awaits funding review. —on | Fitted PA=0.067+0.015
. At present, first attempt at transverse spin DY ~1"Z05 08 040270 02704 08 08 1

cos(gp)

measurement will be in RHIC runl13.
Projected sensitivity of AyDY for

L;+=100 pb-! for p'p® collisions at
Measurements of forward pion and jet production  Vs=500 GeV requiring y* M>4 GeV/c?,
with small ECal might be possible in run12 pr<2 GeV/c and 0.1<x¢<0.3

at Ys=200/500 GeV.
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Backup
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Run?? implementation

ADY FCal model B

5
~100 Ny=1000
>, No=596
75 —
50 72 ]

a5 [

_mn -

-100 [

e e s e s s 75 o0

% (em)
Proposed configuration of the A DY ECal as seen
from IP2. The inner calorimeter is a 32-row x 32-
column matrix of (3.8 cm)? x 45 cm lead-glass
detectors with a central 6-row x 4-column hole for
the vacuum pipe for the beams. It is surrounded by
(40 mm)? x 40 cm lead-glass detectors. The
calorimeter separates into two halves that can be
translated to larger [X].

ADY model — &

Ewe b

—100 E

20116720 z (em)

y-z view at x=0 (top) and x-z view at y=0 (bottom)
showing the relationship of the model=6 ECal and
HCal. These schematic views show only the lead-
glass of ECal and the active portion of HCal.
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Previous Work on Low-Mass DY at a Collider

p+p DY at ISR, Vs=53,63 GeV
Phys. Lett. B91 (1980) 475
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Fig. 1. The cross section (d%o/dm dy),=( versus mass for the
data at ~/5 = 53 and 63 GeV combined. The curve is a result
of the fit to the continuum displayed in fig. 2. The inset show
the mass acceptance for ““1977” and “1978” triggers and geo-
metrical configurations calculated for isotropic decay distri-
butions and production uniform in rapidity with pT depen-
dence da/dp-zr ~ exp (—;pr), where b = 1.4 GeV~!. The mass
acceptance changes by + 15% when the helicity decay distri-

Comments (note: large xg at collider breaks new ground)bution follows dv/d cos @ = 1+ @ cos*0 when e = » 1, where

6 is'measured in the s-channel helicity frame.

« e+e- low-mass DY done at ISR and by UA2 [see review J.Phys. G19 (1993) D1]
« UA2 [PLB275 (1992) 202] did not use magnet / CCOR did [PLB79 (1979) 398]

« most fixed target experiments do u+u- DY
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 pair mass backgrounds well modeled

« Jhy—e+e- observation with bare EMcal at <x.>~0.67 emboldens DY consideration
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Impact of Collisions at IP2

The anatomy of initiating collisions at IP2

File PPM Setup Logging Diagnostics

Mon Apr 11 2011

=
S10
o
E 5
o 0
13:25:00 13330500 13:35:00 13140500
time of day
—&— irEbump —*— ir8bump —&—  irl0bump
—8—  irl2bump —a—  irZbump —#— irdbump

File PPM Setup Logging Diagnostics
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File PPM Setup Logging Diagnostics

Mon Apr 11 2011 Beam Decay

Beam loss [#eh]
g e

m__”%__ul_% ________________ T & -
-85 ST 5
13:25:00 13130000 13136200 13:40:00 13:45:00
time of day
—a—  Bluelecay Yellowlecay

—— rellon, ev-accranprelEventNumi: value —#— rellon,ev-stone trel EventHumt
—a— relbon,ev-lumirelEventhumt

File PPM Setup Logging Diagnostics

Mon Apr 11 2011 pp Luminosity @ 260 Ged
1

—

13300500 13110300 1352000 13:30:001 1314000

=
=

43}

time of day

Luminosity (*10°Z1 cm™
=3

—e— STAR —#—  PHENIX —&—  AndY

Print file type (.gif) to file (lumi.20110411.1339.ps). Stop |

Early after a RHIC store is set up, beams are
colliding at IP6 (STAR) and IP8 (PHENIX). Beams
are transversely separated at IP2 (A\DY). The
arrow indicates when collisions begin at IP2

After the beam intensity decays to a threshold
(here, 1.3 x10% ions/bunch), collisions begin at
IP2. There is loss of beam in the Yellow ring.

The beam loss is monitored. The spikes in the
Blue ring are due to insertions of carbon ribbons
for measuring the beam polarization. Beam-
beam tune shift causes loss of ions in Yellow
when collisions begin at IP2. This loss typically
decays with time, as shown.

Luminosity at IP6 (STAR) and IP8 (PHENIX) is
mostly constant when collisions are initiated at
IP2 (A\DY).
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HCal events

Run=11046021.001, trig=HCALSum_BBCcol, Event=15

=

£ f
L100f

e

75}

50F

0

25¢

o n=2.4
3 /
r 5.
/ L] -] B
- AT SRS
- / / B
- U | ﬂv! il
- \ f J
- | /
- L ] ‘f
o \ I O I A /

- N

Lo b oo by o by a Ly
—100-75 50 25

20110215

11 I 11 1 1 I 111 1 | 11 1 1 I 1 11
o 25 B0 75 100
x (cm)

102

ADC
Count

Cosmic ray trigger is essentially
the same as jet trigger, except that
the threshold on the summed
calorimeter response is set at 5
pPC (20 counts)

This is a trigger that will work
without beam. We have other
cosmic-ray triggers that will work
with beam, when commissioned,
for continuous monitoring.

The tracks test noise, patterns,
etc.
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Run-11 Ay (Jet)

« Sivers effect only (no Collins effect contribution)
* Need A (Jet) measurements before DY
* With ~10/pb & P=50%, A\ DY runll could measure Ay(Jet)

arXiv:1103.1591 jet A, measurements are
required to clarify signs of quark/gluon

p-0|-2p — jet+X, V=500 GeV, PYTHIA 6.222 _ 0.06 correlators related to Sivers functions.
. VT < ot
N - s=200 GeV y=3.3
00.15f  Ln=10pb™, Pypun=0.5 0.04 .
e i jets
8 Fiducial volume requirement - from T_|_ .
O 0If <y>o07 0.02 - PP
= i

2
o
a
——
o

1 -0.02 |-
-0.05 i
_ -0.041  «old” Sivers function
I E 65 A 55 6 0T 08 68 I
jet x¢ -0.06 —! A B g
0.2 0.4 0.6 0.8
Xp

Non-zero jet analyzing power essentially a prerequisite before
proceeding to Drell Yan



