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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 particular
about u d flavor separation by W measurement.



Sea Quark Polarization by
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D W measurement
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Feature of pp->W at RHIC ..
'U+d -> W+, U+d -> W_ -Mih:
«q : helicity-, q : helicity+ :
*No uncertainty from e S e i i

fragmentation function. P 150V Pr 101
*But, low statistics Talk by Todd Kempel on Monday




RHIC

First phy3|cs run with 5OOGeV was operated in 2009.
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* RHIC DeS|gn Value
743 » Polarized pp Collider

Z4 » Polarization : 70 %

= ¢ \/s = 500 GeV

i * Luminosity : 2 x 10%cm™s”
b4 « Bunched beam

@ (106ns interval — 9.4MHZz)




PHENIX detector
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Current Muon Arm

MulD
PHENIX Detector :

| o e 2 [
Muon Tracking Chamber (MuTr) 5 uon
3 stations of Cathode Strip ; v

Chambers il |

3 gaps + 3 gaps + 2 gaps
*Each gap has non-stereo plane, ZDC Nor

stereo-plane, and anode plane s
W

Muon Ildentifier (MulD)

5 layers of larocci tubes in x and y
directions
*80 cm of steel plate absorber (total)

-Provides triggerp_ > 1.5 GeV/c View North
Radial Magnetic Field

Trigger threshold by MulD is too low to collect W events.




Events/(1 GeV/c)

Need of New W Trigger

Current MulD trigger

Inclusive [L Production, 500 GeV/

T 200kHz at 500GeV

10 ] !
4 MulD l
10 * ; B W hoson .
O wzwoson DAQ bandwidth for
10 Eﬂi A Bottom
;i 0 Carm muon arm ~2kHz
l* New Trigger 3 !
‘ — > Additional rejection factor
i - of 100 is required
W Tk (RF~5000 for pp collision)
& 4 New Momentum Sensitive Trigger
10 o 3 ‘H' . .
. §...|H..|..H|....\:xj]l;ﬁh..|....|....|m. Fast online traCklng and
ST T T Geviey select straight track

l
RF of 24000 for pp collision

IS expected. (simulation)



W Trigger System

Trigger events with straight track
(e.g. Astrip <= 1)
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W Trigger System

Trigger events with straight track

(e.g. Astrip <= 1)
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Resistive Plate Counter
(RPC) (P se mented)

W Trigger System

Trigger events with straight track

\
/

| Station3] _J- RPC
/ FEE

(e.g. Astrip <= 1)
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Resistive Plate Counter

W Trigger System

(RPC) (® se?mented) Trigge
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r events with straight track
(e.g. Astrip <= 1)
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W Trigger System

Resistive Plate Counter
(RPC) (P se?mented)
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W Trigger Instrumentation
in RAIC 2009 run

PHENIX Detector
L g,

Prototype Central Magnet ﬁﬂﬂ-ﬁ..
o MuTRG MUTRG
I I J MPC I
o j/E \l ZDC North

MulD MulD
I I RxNP

South Side View North
*MuTRG was installed fully in north arm and partially in

south arm.
*Prototype RPC was installed partially in south arm.
*Evaluate performance of RPC and MuTRG with beam of

Vs=500 GeV.




Efficiency for MIP (MuTRG)

Efficiency for MIP | ¥ | ndf 17.54/ 104
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Efficiency ~ 100%
at Plateau

Turn on Point of
Efficiency Curve ~ 4

Most Probable Value
of MIP ~ 20

Blue : MIP dist.
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MuTRG and MuTr have
matching properly.

Efficiency for MIP is
97.5% (Yellow / Blue)




Trigger Emulation In
Offline Analysis (only MuTRG)

Event Display (Octant 2)

MuTr
3 MuTr St3
: St2
1nu:— MUTr
50— 1 .
/ - : |
50— :
Collision -
Point -100—
.150__,,.|....I. . I 1
0 100 200 300 400 e L |

Distance from CP {cm)

Red : MuTRG Hit, Blue : Accepted Track

Study of rejection power is ongoing in offline analysis.



Prototype RPC installed In 2009 run

PHENIX Detector
PrOtOtype 73 Central Magnet

4.
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View from back



Spacer -t R BT R R
Readout Strips —ii R rrT A

Bakelite
Graphite Coating

Mylar Sheet —=#

PHENIX RPC picked Readout strips are segmented
LHC-CMS technology (~1 degree in ® angle)

RPC Feature

- Fast Response

- Good Time Resolution : 1-2 ns
- Good Spacial Resolution : ~cm

- Small Cluster Size
- High Rate Capability

RPC meets W trigger requirement




Prototype RPC Timing Distribution

time differences 3-2 w/ muons ntdiff0
—xm& :l::.:!-UMHETT
0.8 ” RMS | a1
RPC3 RPC2 0.70
T ey - HV on, Threshald 120mV
Peak [y, 0.6 HV on, Threshgld OmV
(>0) \ “:i? 0_5:_ k
| NSl M I '
— : | 3 _
Peak (" .’Su:mrh 0-45
(<0) _MulD — Rl. 0.3+ J \
ml.-f-,{ "’ oo from U] from beam
| = collision | "] background
0.1
South u:.rlﬂ_nlluﬂr:lramuﬁuﬂflﬁ..-l.. AL T

40 -30 -20 10 © 10 20 30 40
TDC value 106ns/44

Peak (<0) : Tracks coming from collision or outgoing beam.
Peak (>0) : Background by incoming beam.
Width of each peak : 3ns



Final W Trigger Instrumentation

PHENIX Detector

Central Magnet

ZDC South
B

ZDC North
i3]

MulD MulD

RPC RPC

Installation of RPC and MuTRG will complete
by 2010 and they are ready for the next 500 GeV run.



Summary

PHENIX upgrades forward W trigger (RPC + MuTRG)
to study sea quark polarization in proton.

*Development of RPC and MuTRG is ongoing. A part
of detectors were installed during shutdown period in
2008.

*RHIC operated 500GeV pp run in 2009. RPC and
MuTRG took data and we evaluate performance of
the detector.

e|nstallation of RPC and MuTRG will complete by the
next physics run with 500 GeV.



Back Up



What is the features of W measurement, compared
with SIDIS experiments.

> Independent from Fragmentation Function

> Energy Scale is high

> u, d separation



W Trigger Instrumentation
in RHIC-Run09
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Resistive Plate Counter

(RPQC) ﬁcb seg?mented) IR Rack Room
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\ Serial Output To trigger

with Optical Fiber

Logic

DA Control

Paral lel Qutput

ADC




MuTRG-FEE (ADTX




MuTRG-FEE (MRG and DCMIF)

MuTRG- ADTX

hit data | B i

reset,

eset, clock,
thresho f.f:et, | reset,
FPGA configuration event width,

~ trigger

data flow
slow control

ﬁreset, triggering
data
__VME b!IS latency

27



the roles of MUTRG-DCMIF

.! e one DCMIF
| board handles
8 MRG boards

TN T ST '

T ] - T 3
.. . ([} !

EE 3 b i‘—-r".‘i s Fend -_1 . -

* merge

triggering data
from MRG and
send it to DCM

e distribute GTM
%ta flow signal (clock,
—stow controleset, trigger)

to MRG







PHENIX Muon Trlgger
Upgrade

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

R1(a,b): ~12mm in ¢, 4x 6 pads
R2: ~54mm in ¢ , 4x 0 pads
R3: ~60mm in ¢, 4x 6 pads

(Trigger only — offline segmentation higher)

NSF
~ (Funded)

(1) MuTr front end electronics

Upgrade to allow LL1 information

JSPS (Funded)

P e e e e R,

Rejection ~12,000, beam background immune.




PHENIX detector requirement

— i > Efficiency >95%
Sy ) . ) ,
Spacer 7 // Time resolution <3ns
Readout Strips Average cluster size < 2 strips
T Rate capability 0.5 kHz/cm?
Graphite Coating HV
“2 Number of streamers <10 %
Mylar Sheet

Characteristics of RPC

 Fast response
o Suitable for the trigger device

e Good time resolution: 1-2 ns

e Good spatial resolution: typically ~ cm
o Determined by the read-out strip width
and cluster size

e Low cost

» Typical gas mixture
0 95% C,H,F, +4.5% 1-C,H,, + 0.5% SF,

o~
‘-"#..m..- ITENSSSEEL V

RPC station 3 at
north muon arm

] 2007-10-13 Design and R&D for the PHENIX Muon Trigger RPCs 31 PH%’H%E le



Noise Level to Position Resolution

Position Resolution vs Noise Level |

E 240
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Noise Position
Level Resolution
St1 1.2% 110 um
St2 1.3% 120 um
St2(HV+25V) 1.0% 100 um

Correlation between
noise level and

position resolution

was observed in

test experiment at
Tohoku Univ.
(Uncertainty of
reference track ~50um)

Degradation of position
resolution is acceptable.

Design value is achieved
by raising HV by 25V.



Fake hit rate (beam-off, 20 mV)

Hit rate Morth 513 Octi

The fake hit rate is
typically 1-10k Hz
Larger (~100k Hz)
at N.St1.0ct1

The fake hit rate is
stable over a
month.
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MuTRG smgle rates / strlp (20 mV)

| MuTRG S5t=1 Average rate I

200
e QOctant 1
3l Average
1]
ﬁﬁn Octant 4
[
Octant 6
40
g
S20 =
e
100 T -. e
1] ‘i-'{- l!:,..
60 ot
40
20
{h. 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1
700 400 600 800 1000

BBC rate (kHz}

[ MuTRG St=1 Maximum rate |

MuTRG S5t=2 Average rate I

n
=]

z)

Octant 1
Octant 2

Octant 4
Octant 6

gep | ]

MuTRG rate
(] d d
th © &h

H
. ,.yﬂ-""

- I | - I L1 I L1 I L1 I 1
ﬂt‘l 200 400 600 8OO 1000
BBC rate (kHz}

[ MuTRG St=2 Maximum rate |

£00
X
50
1]
Boo
(L]
450
=
=Roo

250 rll l.l

200

Octant 1
Octant 2

Octant 4
Octant 6

150 -J Lol
100
50

| |
800 1000
BBC rate (kHz}

:| 1 1 I L 1 1 I 1 1 1 I Ll
G200 400 oo

#00F
[ Octant 1
?;3 [ Octant 2
W60 Octant 4
L]
[ Octant 6
Mao-
2 r
Ja20F
F ]
1l:"}: l. Fll
E u
Bl = 2 aia® " _
6 . —I.-._'_--
J" __ :J| H
20
I_.IIIIIIIIIIIIIIIIIIIII
0 400 600 800 1000

BBC rate (kHz}

MuTRG 5t=3 Average rate

(kH
IIIIIIIIIIIIIIE

n
=

MuTRG rate
=
=

150

100

(4,1
(=]

Octant 1
Octant 2

Octant 4

Octant 6

*‘::..-ﬂ -

g#”:ﬁ:;

=

= —

400

600

Ll I L1 I 1
800 1000

BBC rate (kHz}

MuTRG 5t=3 Maximum rate

=

ﬂ

¥

QJTRQ ratné.[kHzg

S
= fll

300

=
.T.illl

Octant 1
[ Octant 2

Octant 4
Octant 6

"

e

%l_ L1 I20|n L1 I4u|n

600

| |
800 1000
BBC rate (kHz}



Zal

S

—/d/

Trigger Rejection vs. MuTr Noise Rate (2-degree RPC cut) |

‘ Rejection vs. Number of MuTrLL1 Integrated Beam Clocks
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Raclkarnnnd for W measurement
1. Low PT 1K Decay in Fligr.Hi P, TtK punch through

| Weighted Distributions: Basic quality cuts |
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Future Plan
(Need to ask RPC about updated installation plan)

2008 Run08 : 200GeV pp
MuTRG-FEE North installation

2009 Run09 : 500GeV pp, 200GeV pp
RPC3 South installation
MuTRG-FEE South installation

2010 Run10: 200GeV Au+Au
RPC1 North & South installation
RPC3 North installation

2011 Run11:200GeV U+U

2012 Run12:500GeV pp, 200GeV pp



Near Future Run Plan @ RHIC

2003 ~ 2008 : sqrt(s)=200 GeV

Tentative RHIC Run Plan Following 2008 FAC Recommendations

{assumes 6-menth CR in FY09, then FY 10-14 budgets sufficient to support 2-species

runs each year; incorporates best available information on detector upgrade schedules as

of 6/20/08)
Fiscal Colliding Beam Comments
Year Species/Enerpgy
Assuming ~April 1 start, about 5-6 physics weeks to
20049 300 GeV p+p commissien collisions, work on polanzation & luminosity and
obtain first W production signal o meet BIEEN milestone
~12 physics weeks to com) 1" long 500 GeV p*p run, with PHENIX muon trigger and
200 GeV p+p could be swapped with 500 500 GeV ptp STAR FGT upgrades, to reach ~100 pb ™' for substantial
2010 March 1, ;u.:.g; S1 Tt S statistics on W production and AG measurements
200 GV AntAu Tgl?pﬁ;i E:i::::tzi 2012 Long production run with full stochastc cooling upgrads
; st Frr' S ket 200 GeV Auta implemented, PHENIX YTX and prototype STAR HFT
f lc‘." ;:r:ms;f;u;c::uaczr TRV ARTAL L installed; focus on RHIC-11 science poals: heavy flavor, v-jet,
Autdu at lummu::ﬁ B T quarkonium, multi-particle correlations
assorted low E Ascidedd: : i e 2
2011 cided; commission PHE SO0 Ce b Beach ~300 pb™ to address 2012 DOE performance milestone
P R ——— AoLHE LR on W production and sea antiquark polarizations
1a I fun with ERIS,
2013 i To be determined by results from 1 low-E scan and 17
200 GeV AvtAu upgraded luminosity runs, progress on low-E electron cooling,
o Iu-:-r}_-' fs and on installation/commissioning of PHENIX FVTX and
| NCC and full STAR HFT
L Fun option not chosen for 2003 run — low-E scan addresses
20Adel Sl 2015 DOE milestone on ertical point, full-E run addresses
. JU:EE can | 2014 (y-et) and 2016 (identified heavy flavor) milestones.
2014 - ' Proof of principle test of coherent electron cooling

200 GaV pp

Address 2015 DOE performance malestone on transverse 554
for y-1et; provide reference data for HI runs with new detector
subsystems; test electron lenses for p4p beam-beam fune
spread reduction




