Studying Proton Spin Structure
with the PHENIX Upgrade
Program

John Lajoie — lowa State University
for the PHENIX Collaboration

 The PHENIX Upgrades

— Silicon Tracking
*VTX and FVTX

— Electromagnetic Calorimetry
* NCC and MPC

— Upgraded Muon Trigger Capabilities

« Spin Physics in the Upgrade Era
— AG from heavy flavor, photon-tagged jets

* Expanded reach in x

— Flavor separation of spin asymmetries
* W physics at 500GeV

— Transverse Spin Physics
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PHENIX Spin Physics Program:
AG, Aq/q, Aq/q, 6q

2 central arms:
electrons, photons, hadrons

— charmonium Jly, v’ —> ete”
— vector meson p, o, p —> ete”
— high pt n°, nt, T

— direct photons

— open charm

— bhadron physics

2 muon arms:
— “onium” Jhy, v', Y — ufur
— open heavy flavor
— W— 1 (500GeV)

Excellent trigger and DAQ
capabilities: multiple trigger
signature important for spin

physics can be taken in parallel
with high bandwidth!
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Key Spin Measurements

* AG through a variety of
physical processes (double-
spin asymmetries):
— Inclusive pions 0
- +X
a,; (88,84 ) Aa Ab

— Heavy Flavor _ ~
a, (gg,2q9 —>cc,bb+X) A 7 b —a, (atb—>c+d)

— Direct Photon + Jet
a,(gg,89 —> 7+ jet+ X)
« Flavor separation of
quark/antiquark asymmetries:
— W*- production in polarized pp o Au(x,M2L)  Ad(x,M32)
. N AW ~ 12w AW ~ "
collisions at 500 GeV L e M L d(x,M2)

(3, >>0) (v <<0)

« Transverse Spin Physics
— Sivers (jets and heavy flavor)
— Collins fragmentation function
— Interference fragmentation
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Baseline Acceptance
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Adding Silicon:
The PHENIX VTX

« Specifications:

— Large acceptance (A¢p~2
and |n| <1.2)

CENTRAL MABNET —___
CUTER COL .

\| barrel VTX |n| <1)2 .

— Displaced vertex ", N

) NERCOL * -
measurement 6., <40 um \ _ / /
— Charged particle tracking \ anem Aoem ’

c,/p ~ 5% p at high p; e |
— Detector must work for both R e

of heavy ion and pp

*
- *
R o | 20em

collisions. L S G | I

« Technology Choice:

— Hybrid pixel detectors | J .
developed at CERN for
ALICE

— Strip detectors, sensors / N
developed at BNL with \

FNAL’s SVX4 readout chip |

Construction Underway J
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Forward Silicon:
The FVTX

Detector:

4 layers

Vertical planes

75 um radial pitch, 7.5° phi
segmentation (2 — 13 mm)
Maximize z and r extent to
give good resolution and 23
hits/track as much as
possible

2*600K channels

Status:

Recently favorably reviewed
for FYOS8 start

Bootstrapped by LANL LDRD
funds to construct one octant
prototype

Submitted proposal to DOE
for FYO8 funding start
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Beauty Decays to J/psi

Note: Prompt Jyws
scaled down by

Reconstructed
Vertex Position

—9.2-0.1 ©
L veriex
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¢ coverage

-3 2 -1 0 1 2 3 rapidity

VTX and FVTX add charged particle tracking close to the
event vertex over a wide kinematic range.
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The PHENIX NoseCone
Calorlmeter (NCC)
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* y+e identification e /
- v — 0 separation | /
* e/u isolation -'

» jet identification .

* elyljet triggers
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Array of PbWO, crystals mounted inside a recess in the Muon

magnet pistons.
412 crystals covering 3.1 < |n| < 3.7
Physics motivation:

— Spin asymmetries in forward region

Installed and
taking data!
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Array of PbWO, crystals mounted inside a recess in the Muon

magnet pistons.

412 crystals covering 3.1 < |n| < 3.7
Physics motivation: Installed and

i o ] taking data!
— Spin asymmetries in forward region
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Raw asymmetry seen for 2 ouf
positive x. (yellow), but not for Z | 4 4
negative x. (blue), as expected 5 T =
(62 GeV Transverse) PHENIX
; Preliminary
R e
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3 2 -1 0 1 2 3 rapidity
NCC and MPC add EM Calorimetry in the forward direction.
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Gluon polarization AG
(Heavy Flavor)

Polarized p+p collisions

|
: GS95, ] :
1k AG(x, 4 GeV"), NLO . Baseline-
- — A ~ Barrel ) _
0.8} —oE * Endcap 4  Gluon polarization can be
; measured by double-spin

asymmetry A, .

Gluon

-0'2— IJ/\]I -> UL P—

10° 107 10" 10°

X
» charm and bottom identification by displaced vertex

> Jet identification with larger acceptance
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Gluon polarization AG(x)
(Direct Photons)

e y-jetis:
— Very clean way to measure the
gluon ha d i
— Measuring the angle of the jet 2
gives you access to Xq0n — q
4 xAG (x)
10 l 2
Central (}IS{;; IIIIII L L IIIIII] | LB RLLL!
10° |- L7 AG(x 4 GeV?), NLO -
2 08 L A) —
Q 102 - NCC prompt y
0.6
10 |- 0.4
0.2
1 |- i
200 GeV 0 E 3
0 I I I I -02 L 1y nul J/llljlll{hll L L Liiu
105 10+ 103 102 10 1 ‘
X 0.001 0.01 0.1 1
X
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Flavor separation of the spin

dependent quar

k and anti-quark

distributions in pp collisions

@500GeV \
Ay 2B M) Sy >>0) | Forw
u(x,, M) interchange
Ac?( Ve ) uandd.
AZW%— ik 2W , X, <Xy (Y <<0)
d(x,,My) J

Inclusive QL Production, 500 GeV/c

U
=

U

Parity violation of the weak
interaction in combination with
control over the proton spin
orientation gives access to the
flavor spin structure in the proton!

? 1010 IIII|IIII|II II|.I TTT | TTTT | TTTT |II TT | TTTT | TTTT
% W dominates for é
CD 10 e i Il W boson
\:_, . E\‘:', pT > 20 GeV )  YZ boson 3
E e ? W A Bottom 7;
E 7 - "\“ | Charm 3
5 10 Eg [I,J*\‘ Ef
o F Cl;'_d Y 3
10 :E “ E:
S E
10 3% ) Ei
M E é_ ik X %
o L %ﬁ ﬁj«& /
) E|||m|||§ and beam backgrounds
0 5 10 15 20 25 30 35 40 45
ph(GeVi/c)

Experimental Requirements:

=>» tracking at high p;

=» good rejection of
backgrounds in analysis.

= event selection for muons
difficult due to background
muons from hadron decays
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Trigger Rate and Rejection
(W Physics)

Design Luminosity u momentum distribution —
J's =500 GeV o =60mb : woan 3500
L = 2x10%2/cm?'s Pr>10GeVic |
1 > HQ signal

_ P>20GeV/¢
Total X-sec rate=12MHz wi W signal
DAQ LIMIT
— =1-2kHz (for x arm)

v 20' 25 momentum[Ge\ .
Required RF Momentum GeV/c
~ 10,000 Need Momentum Selectivity in the LVL-1
Trigger!
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PHENIX Muon Trigger Upgrade

() Three dedicated trigger
RPC stations (CMS
design):

R1(a,b): ~12mm in ¢, 4x 6 pads
R2: ~5.4mm in ¢ , 4x 0 pads
R3: ~6.0mm in ¢, 4x 0 pads

L0 0 D 00 40 B e b S

(Trigger only — offline segmentation higher)

NSF (Funded)

(1) MuTr front end electronics

Upgrade to allow LL1 information
JSPS (Funded)

Rejection ~12,000, beam background immune.
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Upgrades Combine to
Improve W*- Measurement

W+ Production

Tnclusive A Prarductinon, 500 GeV¥/c

M
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% 10 ¥ ;_*.L F 5 L ofttora _; é "KP
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E J.uji—li.f‘ L _i he
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A bﬂ- a ] . N .
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W+~ measurement in polarized pp collisions to get at sea quark

contributions to proton spin:

* Isolation cut with FVTX/NCC detectors could be used to suppress hadron
background to W*-signal.
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Aff

PHENIX 4,%"/" Sensitivity

ll:} T g T T T T T
" RHIC pp Vs = 500 GeV
IL dt =800 pb'!

AL W)

» Machine and detector requirements:
_ — PHENIX JLdt=800pb-', P=0.7
’ >’ — Muon trigger upgrade!

2009 to 2012 running at v s=500 GeV
is projected to deliver | Ldt ~980pb-

0.5

_-_-_‘-J‘—d-_'_"_’—r L AL 1 2
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Upgrade Schedule

2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011

MPC | I— ‘ ‘

VTX (barrel) ﬁ

FVTX

NCC ﬁ

MuTrigger ﬁﬂ

mmmm—— R&D Phase = (Construction Phase ‘ Ready for Data
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Physics Timeline e

see Spin report to DOE http://Spin.rIgos
L= 1x103'cm2s-1 6x103'cm=2s-1 1.6x1032cm-2s-

P=0.5 0.6 0.7

T 200 GeV ....cuvennnnneeeeee e 500 GeV||\

2005 2006 2007 2008 2009 eeee 2012 (RHIC 1)
10 PD™ e S>275pb1 L. 980pb-’

@ 200GeV __ /l@ 500GeV
Inclusive hadrons + Jets >

~25% Transverse Physics >
Charm Physics >
direct photons >
A, (hadrons, Jets) bottom physics —p
7 A, (charm)

W-physics =——>

o Agep input '
[ (4] > CONPASE propod et
fpction ' iy Ehebi
[ gu = COMPASS peajsction G204 high py
L & STAR ot RHIC (r » jot, 320 pb™" Pa?0%) ~c—————
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Summary

« PHENIX is pursuing a rich program of spin physics at RHIC!

— The polarized gluon distribution function AG will be measured through a
variety of processes

 Inclusive hadrons, heavy flavor, photon-tagged jets

— The polarized proton program at RHIC will address the flavor dependent
quark and antiquark spin distribution functions.

— Transverse spin will be explored (Sivers, Collins, etc.)

 The PHENIX upgrade will provide the event detection and selection
necessary to access this physics:
— Silicon Tracking
« VTXand FVTX
— Electromagnetic Calorimetry
« NCC and MPC
— New Level-1 Trigger Capabilities

* Muon Trigger Upgrade
— RPC tracking chambers

DIS 2007 - J. Lajoie - lowa State University 21



Summary

« PHENIX is pursuing a rich program of spin physics at RHIC!

— The polarized gluon distribution function AG will be measured through a
variety of processes

 Inclusive hadrons, heavy flavor, photon-tagged jets

— The polarized proton program at RHIC will address the flavor dependent
quark and antiquark spin distribution functions.

— Transverse spin will be explored (Sivers, Collins, etc.)

 The PHENIX upgrade will provide the event detection and selection
necessary to access this physics:
— Silicon Tracking
« VTX and FVTX
— Electromagnetic Calorimetry Stay Tuned....
« NCC and MPC
— New Level-1 Trigger Capabilities

* Muon Trigger Upgrade
— RPC tracking chambers
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BACKUP

DIS 2007 - J. Lajoie - lowa State University 23



Polarized p-p at RHIC
A New Experimental Method for the Study
of Proton Structure

Absolute Polarimeter (H jet) RHIC pC Polarimeters

Siberian Snakes

PHOBOS . BRAHMs & pp2pP

Siberian Snakes

Helical Partial
Snake

1

Js =200GeV, L ~1x10 cm s

\ <Py> = 50%

| AGS Internal Polarimeter|

| Rf Dipole |/ T

AGS pC Polarimeter
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W* Productioninp +p  prmsse

Weak interaction violates parity — quark/antiquark helicities fixed!

(left-handed quarks)
Proton helicity ="+" Proton helicity ="—"

_ Au(xlaM;/)
u(xDMVzV)

(Y >>0)

(right-handed antiquarks)

Proton helicity ="+" Proton heli

City —_n

S
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Open Heavy Flavor at
Forward Rapidity

Open Heavy Flavor Physics Interests:

e What is the total cross section for charm/beauty in all collision systems?

e Does asymmetry measurement in polarized pp collisions indicate contribution of gluons to
proton spin?

e Is there modification of charm production in cold nuclear matter: gluon saturation,...

e Is there modification of charm production in heavy-ion collisions: energy loss in medium

e Do heavy quarks flow?
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absorber :
(Nosecone+Magnet)  _—7mh L/ T~ M N ..

s

Vartas beam pipe

Candidates found by matching
RPC1/2 hits within angular

range. Momentum cut made by RPC1 (a+ b)

matching hit in MuTr station 2 |
within three cathode strip2 of MuTr St. 1 MuTr

RPC projection. Station2 RPC2

(MulD LL1 1D Trigger also required.)

(RPC3 hit also required in three inner theta rings)
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