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Proton Spin Structure

Spin of parton is parallel or
anti-parallel to proton?
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This talk focuses on sea quark, in partlcular
about U d flavor separation by W measurement.



Sea Quark Polarization by
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RHIC

Long phyS|cs run W|th 500 GeV is expected in 2011
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PHENI detector (Muon Arm)
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Current Muon Arm

Beam-Beam Counter (BBC)
* Minimum Bias Trigger 'NIX Detector MulD
*Look at ~30 mb &
* Decide trigger timing. SIREA VROl ‘ 1| -
Muon Tracking Chamber (MuTr) |[UE—
* 3 stations of Cathode Strip MP
Chambers /ﬁ’Et
*3 gaps + 3 gaps + 2 gaps =/I il
MulDy

* Each gap has non-stereo plane,
stereo-plane, and anode plane

Muon Identifier (MulD)

* 5 layers of larocci tubes in x and y
ggectior}s  olate absorber (total) Side View North

* 80 cm of steel plate absorber (tota : R

* Provides trigger p >1.5 GeV/c Radial Magnetic Field

muon

Iald ron

Trigger threshold by MulD is too low to collect W events.
(Rejection Power ~ 100)



Events/(1 GeV/c)
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Requirement of New W Trigger

Inclusive L Production, 500 GeV:
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Existing MulD trigger (RP~100)
Momentum threshold is too low
l
New Momentum
Sensitive Trigger
Fast online tracking and

select straight track
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Expected luminosity at
the next 2011 run is
1.5 x 10°*cm™s™
~9 MHz pp collision rate—

DAQ band width
~2 kHz

-

Need Rejection Power ~ 4500




W Trigger System

Trigger events with straight track

Station3
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W Trigger System

Trigger events with straight track

(e.g. Astrip = 1 )
Station3 "
Station2 / - _ A MUTRG
’T‘?‘dm P Amp/Discri. » Data
' Transmit .. Merge
0 L . |
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Interaction Region * Rack Room




W Trigger System

Resistive Plate Chamber
(RPC) (b se%mented)

\

Trigger events with straight track
(e.g. Astrip = 1 & Ap< 1 degree)
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95%
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Resistive Plate Chamber
(RPC) (P sengented)

\

W Trigger System

Trigger events with straight track

T ’

tatlon

(e.g. Astrip = 1 & Ap< 1 degree)
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Trigger System

traight track

(e.g. Astrip @

*_ )< 1 degree)
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Installation of New W Trigger

ZDC North
izt |

MulD

(2010) | nﬂ*’f}‘,h Central Magnet KX (2009)
MuTRG
(2010)

I I\'Ié'-..
ZDC South | |
=

South Side View North |
iImprovement and tighter timing cut

PHENIX Detector
RPC3 Ly e RPC3
e || A <2°|08>

MulD I . e
I““' RPC1
(2011)
*MuTRG and RPC3 : Ready for Run 2011.
*RPC1 : Additional trigger rejection, acceptance
*Hadron Absorber : Powerful background rejection (partially
interfere with RPC1)



Trigger Algorithm (Run 2011)

Acce

pance Window

RPC3

MulD \\

St3 |

2 planes\
St2 As

MUTr 5 planes
St1

B(D/

3 planes

Accepance Window

Fire events with
straight tracks

Optimization Parameter

- OR / AND of planes
for each MuTr station.

- Saggita As for St2,
corresponding to
momentum threshold.

- Acceptance Window
for St3 and RPC3

- Threshold for MuTRG
and RPC

- Timing Cut

- Clustering (succesive
hits are merged)



MuTRG Timing Resolution

St1 TDC Dist. (normalized) [w/oGL1:Black, withGL1:Red]

Br045 ] ] ] hst1p
3 = - P Entries 46113
80.04F Mean 1053
o E PooE o RMS 63.79
0.035 S : P Integral 1
“F . Testexp. W/
0.025 .

s . . | cosmic ray
0.02 AR B R
0.0152
0.012

0.005F

N

Ll Ynen Th ., —..'_I'JLI l i pur ] me Lol
800 op0 10300 1 100 1200 1300 1400 1500

nsec

< 3 BCLK : 94%
——— 2BCLK:84%
—  1BCLK:64%

(1 BCLK gate ~ 106 nsec)

- Timing resolution is
consistent between
cosmic ray data and
beam data.

- Efficiency is 94% with
3 BCLK gate. Achieve
99% by taking OR of
2 planes.

- RPC information is
necessary to determine
trigger timing



Cathode Plane Efficiency of MUTRG

Efflt:lency for Station 3
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Measured in Run 2009

Threshold : 40mV

Timing Gate : 3 BCLK

OR of 2 planes

— Efficiency at
Plateau ~ 99%

Most Probable Value
of MIP ~ 175 ch

Turn on Point ~ 60 ch

Efficiency for MIP is
96% (Yellow / Blue)




MuTRG Efficiency for Track

MuTRG Efficiency

Efficiency
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Measured In
Run 2009

Note :

High momentum
tracks in the plot
are probably fake.

- Sufficient efficiency can be achieved in MuTRG
- Turn on point is enough low with As=0.
(12.2 GeV/cin p, ~6 GeV/c in pT)



Rejection Power with MuTRG only
(MulD & BBC & MuTRG)

MuTRG performance at 3 MHz | (almost max luminosity at 2009 run)
1

Rejection Power of
BBC is taken as 2.

8§ L RPC
& o9 MulD
i ”5 . ]40 mv “20f3” is requirement
£ osb > of 2-plane hits out of
§ [ 40mV,20f3atSt1C . 3 planes.

- 100 mV [

0.6

- Black : As =1 w/o clustering
- Red :As =0 w/o clustering RP of MulD ~ 100

: <
ok Blue :As=1w/ clustering L

0 1000 2000 Sﬂl]l] 4ﬂl]l] 5000 6000 ?Hl]l] EHI]IIJI 9000 10l]l]l]
Rejection Power

0.5

- Larger rejection power can be obtained by applying tight cut.
- More improvement is expected by RPC and other items.



Rejection Power with MuTRG only
(MulD & BBC & MuTRG)

MuTRG performance at 3 MHz

1

i RPC
% o9l W MulD
5 .
[I.?:— *
0.6 2009 run | 2011 run
- (3 MHz (9 MHz Black
0.5 colisions) | collisions) Red
0_4E|. I I I co L b b | I BIIue

Rejection Power

(almost max luminosity at 2009 run)

]40 mV

J 40 mV, 20f3 at St1
:I 100 mV

: As=1 w/o clustering
: As = 0 w/o clustering
: As=1w/ clustering

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

- Larger rejection power can be obtained by applying tight cut.
- More improvement is expected by RPC and other items.



Resistive Plate Chamber (RPC)

95KV Graphite : Resistivity 100 — 500 kQ/cm?

2 mm Bakelite : Resistivity 10" — 10™ Q cm

oV
oV

2 mm

——— Signal Strip

Time resolution 1-2 nsec
Efficiency 96% for MIP
Noise Rate 0.5 — 5 Hz/cm?

-9.5 kV
_ Requirement for W trigger
Mixed Gas . Time resolution <3
95% C_HF, (base gas) | = ”.S
4.5% i-C H_ (photon quencher) Average cluster size | <2 strips

4 10

Efficiency >95%

0.5% SF (electron quencher)
Rate capability 0.5 kHz/cm?

20 — 40 % relative humiidity Number of streamers <10 %




RPC3 Assembly

~ "RPC3B24

> RPC3 consists of
16 half octants

> 1 half octant consists
of 3 modules

> Rough segmentation
In R direction

> Fine segmentation

In ¢ direction



RPC Module Eff. & Noise Rate
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RPC Timing

Cosmic ray test at RPC Factory

-h-‘ﬂﬂll Hdll’. : ‘__ - ...; . . .
-l ' =‘-"' Timing difference

= between two RPC

= modules

g U T e Timing resolution ~ 2 ns

Prototype commissioning with Run 2009 beam
[ RPC 3, Module A | Em:lnewlimemEm | RPC 2, Module A | i .lnnewtimen
T From two prototype
- 0~ 03NS [T e half octants
l.nﬂﬁﬂ_— l :IH:B 1097+ :gnu:
Mo Timing resolution ~ 5 ns
0004 (uncorrected by
000z collision vertex of
|:.:|....|....n b Lianallng] ol 0 isocm ~2 nS)
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TDC value 106ns/44 TDC value 106ns/44



RPC3 North Installation

RPC3 Frame at UIUC l Half Octant assembly at Factory

RPC3 North mstallatlon T
at PHENIX ‘ HHI'

Installation completed



RPC3 North Integration Completed

J— pei

i
R

RPC Integration completed B —— RPC TDC Rack

RPC3 North is commissioned in Run 2010
RPC3 South assembly will complete soon.



Cosmic Ray Test after Run 2010

> Commissioning of MUTRG and RPC3 North
Noise, Detection efficiency, Time resolution etc.
> Clean high momentum muon tracks are expected

[ MUTRG Efficiency |
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Further data analysis,

including evaluation of
full chain performance
of MUTRG+RPC,

IS ongoing.



Hadron Absorber Installation

Detector

ZDC North
it

MulD

> Reduce hadrons whose decay to muon
produces fake high momentum track.
> 35 cm-thick SS310

> In manufacture, to be installed coming August



Offline Analysis / Simulation
Run 2011 Projection (50 pb™, 50% pol.)

[ W' —u*, 50 pb”, 50 Polarization, S/BG 3.00 | [ W* —u*, 50 pb”, 50 Polarization, S/BG 0.30 |
4 0.6 Vv+ + i < 0.6 + + | — o
- —> —_— max = Lol E
0.4 = 0.4 W — p7 =
nz—_ = GRSV val D 2—_ — GRSV val
oF — I oF L
C F=— C —
— - o - | —]
-0'2% r 1;//'_/"'_4?% — n'zi _=_1p_2—'—'_7—'_'_'—_.—£'_'_'_4';'__:=5ﬁ —
-0.4 :_ ¥ — _0_4 :_ ] [ ]
06— 0.6
-n'a:_..|....|....|....|....|....|....|....|....|... -0'8:_..|....|....|....|....|....|....|....|....|...
2 15 1  -05 0 0.5 1 1.5 2 2 15 4 05 ] 0.5 1 1.5 2
n, M,
| W — u’, 50 pb’, 50 Polarization, S/BG 3.00 ! | W — 1, 50 pb”, 50 Polarization, S/BG 0.30 !
- B - 0.8— — —
< = o =
05 o5 W —u

0.4F
0.2E

0.4F
0.2

-n; 1 -n; i — =
i 228 J
04 . 0.4F
P R. Seidl 06E
Co v by vy v by v by oy e by b b by b by Ce v by v v v b v v by e by v b by by by
2 45 4 05 0 0.5 1 1.5 2 2 15 14 0.5 0 0.5 1 1.5 2

n, (muon pseudorapidity) n, (muon pseudorapidity)
S/B = 3.0 (optimistic) S/B = 0.3 (conservative)

> Offline background evaluation using Run 2009 data and
simulation study to optimize event selection is ongoing.
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Offline Analysis / Simulation
Run 2011+2012 Projection (150 pb™, 50% poI )
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> New Foward VTX detector will be installed and
improve S/B.



Summary

RHIC-PHENIX experiment aim to measure A in W — i process

and impose significant constraint on anti-quark PDF in 500 GeV
polarized pp program

W trigger development
- MuTRG installation completed
- RPC3 North installation completed
- RPC3 South production is ongoing and will be
installed in 2010 shutdown period
- RPC1 will be installed in 2011.
- Final performance evaluation of MUTRG+RPC is ongoing.

New hadron absorber is in manufacture and will be installed
in 2010 shutdown period.

Offline analysis and simulation for W signal extraction
are in progress towards 2011 physics run.
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Schedule

RPC Production RPC Production RPC Production RPC Production
for Station 3 North for Station 3 South for Station 1 North for Station 1 South
by July by November by December by January
2005? 2010 2011
. |
RPC Installation RPC Installation RPC Installation
for Station 3 North for Station 3 South for Station 1
|
Absorber Absorber
Installation at Installation at
North North

Muon TRG

Installed



Trigger Algorithm (MuTRG)

St3
St2
St1 :
Acceptance
Window
3p|aﬁe |
OR 2 plane L
(AND) OR  2plane
(AND)  OR
(AND)

Fire events with
straight tracks

Optimization Parameter

- OR / AND of planes
for each station.

- Acceptance Window
for Station 3

- Saggita As for Station 2

- Threshold for charge on
single strip

- Timing Gate

- Clustering (succesive
hits are merged)



Mylar Sheet

RPC Module
Cross section



