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1. Probe Proton Spin with W boson




<aboutAZ=Z (AQ+AQ) >

* The polarization of valence
quark (u, d) are well understood
but, that of sea quark (anti-u,
anti-d, anti-s) are not well

e ——

““Parton Polari
* Proton Spin : Y2 = 2A> + AG + L

constrained

-> Single Spin Asymmetry of W
boson is a good probe to

\

zation Function

ey

0.04

-0.04

-0.04

measure the polarization of

sea quark

"I — Dssv
[ === DNS s DSSV 8y°=1 1

L —.— GRSV DSSV Agi=2%4F

< 0.04

4 002

H-002

--0.04

5 L
I!l'[lllfl LI

I R EET 1
ll'll'll'l T T TTITmF I/'I 'IIITI'II T

b, "

\
i P ;401

[ ) 2 JF - — GRSV max. Ag :

i = V 1t 3
L Q'=10Ge JE - -+ GRSV min. Ag =
L 11 tlllll L Il lllllll 1 I EETIT S 1 L Illllll L 1 ‘Illl'l L L il e

2 1 2 2
10 " 10 07 5

DSSV Global Fit (2008) |

(DIS+SIDIS+pp)




\ 1
) g »r
.
v, - I 2
YAY

isurement of spin-structu

* W boson production in p-p
collision /
e flavor combination is almost fixed ’
« flavor separated measurement
¢ helicities of interacting partons ar

fixed
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* W= o Asymmetry of W+ -> Au Ad bar

frag

- 4 o Asymmetry of W= -> Ad, Au-bar

. Asymr [ 4 &N &y | ] TTUC WO UWUTI CTIr1Ier1twe UJ | 4
boson production is ideal method

* asymmetry A} W =
e In forward and backward region, GE =

quark polarization and anti- ((i:[uark O, t0_
polarization can be extracte

S [AdOQU(x,) L AU (x,)

d (x)u(x,)+u(x)d (x,)

~ proton{polarized)

proton (un-polarized)
g S0




2. W detection @ PHENIX




Philosophy (initial design):

v High rate capability & granularity
v Good mass resolution & particle ID
» Sacrifice acceptance

Muon Arm:
Muon Tracking Detector
(MuTr)_, B
uom fegatier(Mul) 2 2 (2.4)
| Ap =2
West Beam View % Muon AI'm -
Rapidity: |n| < 0.35 il >
AN e g
Central Arm:

Drift Chamber (DC), Pad Chamber (PC), | ocsoun

Ring Imaging Cherenkov Counter (RICH), i = MulD
Electromagnetic Calorimeter (Emc), RxNP
HBD, TOF, TEC

ZDC North
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W in the PHENIX Muon Arms
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"| Design Luminosity

Vs = 500 GeV g=60mb
L = 1.5x1032/cm?/s

1

Inclusive L Production, 500 GeV /c

Total interaction rate = 9MHZz

DAQ LIMIT
— = 2kHz (for Muon Arm)

v

Required RF
4500

XBUT

MulD LL1 (trigger)
RF <200

< . Muon p;spectrain the Muon Arms
E (2000 [1/pb], from PYTHIA5.7)
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 Need Momentum Selectivity
In the LVL-1 Trigger!
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PH EN IX Detector

Central Magnet

Prototype absorber
Installed at 2009 RHIC Run

| A, . T DN

<Muon Trigger Upgrade>

« MuTr FEE Upgrade (MuTRG)

* Install RPC (Resistive Plate Chamber)
* Install additional Absorber

F)Df"

. Absorber
. - reject hadron background

Performance study is on-going

- poor time resolution..

(> 1 beam crossing)
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ormance of New MuTr

| Efficiency for Station 3 |

> 1.2
o B & 5
o !
S 1_— | At
E 0.8; ”fm g plateau eff.
- 0 99%
0.6__ 41
: ‘E
04— ’
C i
0.2 Lw;:
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ADC

| MIP distribution |

Blue: MuTR hit

II|
0 ’100/‘1{0 300 400 500 600

ADC
MPV

* ADTX Threshold 4gomV
* 1 of 2 gap hit required

* timing gate: 3 bunch crossings

* Plateau Efficiency: 99%

MuTRG and MuTR matched
properly.

Efficiency for MUTR track hit:

96%
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RG Rejection Power

MuTRG performance at BBC=1.5MHz (

almost max luminosity at Run9)

r _ 4
a2 F
-] ..3 - . w/ RPC
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c T 09 Y >
(7) : - — 40mV
S E 0.8
© s F 40mV, 2af3 gaps at St1
=5 - o
L 07 . }100mV
~ - * 1
- Black:
0.6 _ Astrip=1 w/o clustering
- required Red :
0.5 rejection Astrip=0 w/o clustering
- > 4500 Blue :
- | | | Y | | | | Astrip=1 w/ clustering
T T T Y T Y T T
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Rejection Power

(assuming BBC rejection = 2)
o_total ~ 60mb, o_bbc ~ 30mb (500GeV)

* Larger rejection power can be obtained by applying tight cuts
* More improvement is expected by RPC
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RPC3 RPC2
(Prototype) (Prototype)

......

South

PErformance of RPC (Pre

Central Ma 0.00

S
= PNSeCi S

L ~ 23nsec

TDC value 106ns/44

| RPC 3, Module A | [ nnewtime192 | RPC 2, Module A | nnewtime0
Entries Entries 20
. Mean 111 001 . Mean 016
sigma~5.3ns | ‘ sigma~4.1ns | -~
%% ndf ﬂ.ﬂm3341-001 * I ndf 0000358 | 22
Constant  0.0008549 = 0.01TY Constant 0.001444 =+ 0.024424
Mean 10037 1 3]-001 | Mean 871 t 23.00
Sigma 2212+ 8 Sigma 1.702 = 29.8a7
).001
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TDC value 106ns/44

track reconstructed events -

typical timing resolution 4 ~ 5 nsec
beam background can be separated
enough timing resolution

2 prototypes have been installed during 2009 run
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W in the PHENIX Central Arms




/ogelsang

< W : dolsky, Yuan)
2| Upper plot: T
!:“’%; Cross section of e+/- Rapidity: |n| <o0.35
°F from W & 1T+/- in the e
PHENIX accentance <Charged hadron rejection>
1 P EMCal intrinsic: 50-150
Shower profile: 2-4
i Isolation cut: ~10
= Total: 1000-6000
& Eenkaiiles P Central A & Lower pIOtZ
o7 o expected asymmetry of W
D e ¥ S, : (assuming 70 % polarization,
ot . | " no background or detector
“F | — 05k resolution included)
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I S e g | T N ® 300 [pb']
40 25 3 35 40 45 s 35 60 20 ) -1
b, [GeV 70 [pb-']
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* 2009 RHIC Run (Rung)
- Polarization: <P> = 0.39+0.04 (from RHIC pol-group)
- recorded luminosity @ PHENIX: 9.28 [pb7]

(with vertex cut)

* The aim of Rung analysis

-> first measurement of W boson cross section @ RHIC!
(Wr2et & W2e)

-> first measurement of non-zero A; W

(the expectation value of the A;W of W+ is 1 sigma from o
assuming DSSV)
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Expected shape & Background
1045 W—e signal _+<Component 1>: Photons
i Charm/bottom. e€cay - PI0s In jet (mis
10° = Z—)ee _ association)
z | _/ - - pi0 decay + convversion
10°F - | Pt |
: \ 2 Photons (coryers'on <Component 2>: Charged
10 - ' & miss aSsociation Hadrons
i ~
1L Cosmic contribution is small
: pT [ GeV /C] (after Tof cut)
1L .
10010 20 30 40 50 60 70

<True Background>:

- charm/bottom decay (true electrons)

- Z bosons decay

(Most likely PHENIX can’t detect both leptons, W/Z~10,
but for W-—electron, it's not negligible)

- W to tau, tau to electron (small contributions??)
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~ Data driven BG estimation:

- (EMCal cluster) x (conversion + mis association probability)

- The rest is explained by the h* shape (NLO pQCD+EMCal response,
scaled so that the sum matches the 10-20 GeV region)

£ 10% & + Raw counts (Charge combined) :
§ = (EMCal cluster associated with track) The bump is W+Z
B — Data driven BG estimation sign al
| (10-20GeV assumed to be all BG) X
10°E — BG+PYTHIA (normalized)
- Signal shape looks
Data (9.28 pb) gz
10? ( Pb™) puENix reasonable

Preliminary

10 Need to finalize

(acc.)x(eff.) value
L H to get cross section
| | | | | | | | |

-

S

10 20 30 40 20 60 70
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counts

10

-
o
LX)

-
o

-

Charge sign : i
from DC angle ( 2.3c separation for 40GeV/c tragk)—"

.....
e o
.......
-

e,

’"’aﬂrge separated spectra

5E++ jmaigneftic field

. Integrals are roughl r/ ' \

expected ratio\

- adjusted to the

The same factor for PYTHIA was used for signal shape
W-—e" signal has less acceptance than W*—e* signal

= 1 Raw counts (Positive Charge) ‘E E + Raw counts (Negative Charge)

- (EMCal cluster associated with track) e (EMCal cluster associated with track)

i — Data driven BG estimation — Data driven BG estimation

£ (10-20GeV assumed to be all BG) 10° E (10-20GeV assumed to be all BG)

- — BG+PYTHIA (normalized) = — Add PYTHIA (normalized)

:— I 107 & P

g PH “ENIX = PH ENIX

- Preliminary i Preliminary

= 10

c 1 1 L1 | u1 1 1 E 1 1 1 | I |

0 10 60 70 0 10 60
pT[GeWc] p_[GeVic]
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1gle Spin Asymme

3 < °
When extracting spin asymmetry, any cut ’
can be applied to improve S/N ratio, if it’s 0
spin independent
R SE <2GeV
-> |solation Cut
% § . Positive charge § § " Negative charge
10° = - + EMCal cluster associated with track 10° E : + EMCal cluster associated with track
- * + Isolationcut (E_  <2GeV) = s+ Isolation cut (E___<2GeV)
e T PHENIX e N PHENIX
; ++ ‘I'_I__|_ Lo E +-|-.|.H— N
105— ++++Jr _|_+ J(Jr Preliminary 105— Jer JDFHJH Preliminary
- H]‘ Wﬁ W& T : H‘ﬂ U J{
SOOI L OO O SOV L L O
n_ 1Io""2|o""3|o '4|o""5|o"'I 0""1|o""2|o""3|o""4|0""5|0""|""

60 70 60 70
p,[GeVic] p,[GeVic]

90+% of signal is kept (red histograms)
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e E | . A w" - et (ly_[<0.35)
s b Positive charge SE < 2GeV < oo | Preliminary
10° = - + EMCal cluster associated with track [|— E:::m
= * + Isolation cut (E__<2GeV) | — GRSV val
C - -0.2
10°E PHENIX A
E - -0.4
10— Preliminary . ® 30-50GeVic range
060 <P>=0.39+0.04
L t t I " dilution 1.11:0.04
0:' R R 08 .
pT[GeV.*c] -
-_IIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIlIIII
PH ENIX p. [GeV/c]
BG 12-20 0.035%0.047 T
Signal  30-50 -0.29%0.11 Physics Asymmetry
» *1/<P> to raw asymmetry
non-zero asymmetry @ Slgnal » *(Dilution factor): BG from Z, hadron
region » consistent with projections
A, =-0.8310.3 1
L =




* W bosons provide possibilities for flavor separated
measurements -> sensitive to the polarization of sea quark

e Upgrades are ongoing to measure W boson in the
PHENIX Muon Arms. They have been partially installed &

tested at 2009 & 2010 RHIC Run

-> Ready for the next 500 GeV run!

* PHENIX observed W— e decay in the mid-rapidity region
- Preliminary result for single spin asymmetry

-> Experience from analysis enables us to obtain greater
result from the next 500 GeV run!
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u(x)d (%,) +d O )u(x,)

« We can extract the

sea polarization from
Single Spin Asymmetry
of W production!!

proton




| MuTRG Efficiency |

e p=12.2GeV/c ..

. |
5 SLTTES P G E bS]
u.a:— 2

D.E:—

0.4;'—
- E Black: Astrip =0
i Red: Astrip =1
0 B EC T SR R TN
Track Momentum (GeV)

12.2GeV/c
8.5GeV/c

» perfect efficiency can be achieved with MuTRG

pT ~6GeV/c

Inclusive i Production, 500 GeV/e

— LI 1 ] [|]I[[
S 10° - current trlgger (I\/IuID) g
& 109%?threshold B Whoson
)} O  Y/Z boson ]
8
3‘5‘ 10 :| !MUTRG A Bottom 35
S a7 rough o charm ]
> 10 % 1
&= e lthreshold ]
105 :Wdominant E
1 . ]
10° region
51‘“ : : >
104 SO I .
% | .
10311 : ]
? ! A 6d)§%qd) 0 _\:
2 Qo4 ww
10 25 ! X
1 I, 7
10 %’ ! 'EF,%“ E
11|||l ||||| ﬂ |AII|IIII|IIII|III|:
0 5 10 15 20 25 30 35 40 45

pr(GeV/e)

* turn on momentum point is enough larger than MulD (2.5GeV/c)

S|mulated muons into Muon Arm
(2000pb-1, with PYTHIA5.7)
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10*

< Emc Energy calibration >
4 1w Left: Inv. mass v.s. total energy of 2
photons

mass [GeV]

- - pio and eta are well reconstructed
= [ even in high energy region
pi0
E N
el+e2 [GeV]

\

PHENIX Detector Energy v.s. alpha (charge separation)
,_PC3  Central
energy / mom < 2’ cut apphed

Magnet TEC. «

10t

alpha [rad.
s
s
|

0.02— S eecocccmooeemscccnemameocd ..........................
; : : 10

0.0219— ........ .......................... ........................... .......................... 10

Wosi Ream View o . . .. posmve Charge

alpha[rad]~01/mom[GeV/c e

energy [GeV] 28




—— NLO QCD = (WV)
——— NLO QCD 1 (WV)
—— RHICBOS W+

—— RHICBOS W-
— FONLL c+b max (MC]

—— PYTHIAZ'ly —e*
------ PYTHIA 2y —e
—— PYTHIA W+—1*—e*
-~ = PYTHIAW+— T

10
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L=
-
L=
]
o
2
L=

40 50

*QCD provides the most obvious background (W. Vogelsang)

*Not shown here
- Cosmics and photons (from meson decays and direct), which can have accidental matches
to tracks or conversions

«c/b relatively small above 30 GeV, calculated at FONLL (Matteo Carciari)

«Z/y* background is estimated from PYTHIA (~1 count is expected in Run09).

WW—ot—e is also small
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meM-- e
Event selection

¢ *30 cm vertex cut

* High energy EM Calorimeter
clusters matched to charged
track

* Loose timing cut eliminates
COSMIC rays

* Poor momentum resolution
allows only loose E/p cut

e e e

a = bend angle

X1 plane

2 mm 1125°

: 2
- P
>
- . &
. g
® o
+ 3mm L
il
: :
:

036.5mm | + Sense (anede) wires . Channel wires = Guardwires  * Field wires

« Cathode wires « Termination wires

Drift Chamber cell
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PErtect of Cuts

10°

104

10°

102

10

Clusters

=

*Get smooth spectrum after removing bad towers

31




act of Cuts

- ] Clusters
10° 3 |I Good track match
- H ]
104 =
10° =
102 -
10;—
1_|||||||||||||||||||||||||||||ﬁ IIIHllllﬂ_j_l_J

10 20 30 40 50 60 70 80 90 100

=

*Number of wires >4 in DC X1 and X2 with PC1 and EMC association
*Have a good track pointing to a cluster

32
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| Clusters

10° | Good track match
II TOF cut

104 |

10°

10

. '""m.,.-q'

10 20 30 40 50 90 100

=

*TOF consistent with start time of collision
*Reduces cosmic background by ~80%
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ect of Cuts-

-] Clusters
10° = | Good track match
= !I TOF cut
100 E/p
wEel &
= i
10’;— Illi"
10; I.I'I|III‘III|-I'-|H'
1_| ! Wm ...HI...HTI_.%(
60 70 80

=

10 20 30 40 50 90 100

*EMC energy ~ DC momentum
*Selects electrons
*Some conversion background remains, or possibly W+jets
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all ecore in tof hintof
| Data Entries 590629

= Mean 10.54
s — : Clusters in collision timing [RMS sliy
10 = —: Clusters out of collision timing
10t — —: Subtracted after normalization (60{200GeV)
§ They should be mostly piO (at high pT, merged pi0)
10° =
10? %—
105
) |F | I
__ I
1 §I 11 | L1 1 | 1 ’-"NI | 1 H h
0

20 40 60 80 I1lll{'.ll 120 14{] 1Eﬂ' E‘H& rgv[IGeV]

* Since cosmic rays hit EMCal from any direction,
it is not necessarily the true energy deposit.
* Shower shape cut also reduces another factor 10.
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hpt

T

adronic clusters
MC (pQCD weight + PISA)

> e

hmcpt

10*

102

-
(=

di
=
[ X1 -

pQCD(piplus)*#MC/bin*0.35

Entries 99724
Mean 4.737
RMS 1.785

=m uurlTnnrrrrn'nm] Ty T

Use only shape.

. mmrﬁ "Iﬂﬂ.ll".'ll n.".l.

90

pT[GeV/c]
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Options
Resen View

Camara: Rotate

Geametny. On
Event Wertex: On

_IAnimate

[ run: 279213
Event: 18558452
Magnetic field: 100.0 %

Selection 1; NONE
Min: 0.0 M 0.0

Leading Particle info.
pT ~ 45 GeV/c
e™ 33 GeV

Min: 0.0 Mz 0.0

< P
s

Appler staned
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352— W.ZIDY — ¢' signal
0=
C 10-20GeV is forced to be 0
B t  signal shape from PYTHIA
20;_ N
- PH ENIX
15 I
10 * Preliminary
-k
0; ann
:IIII |IIII|IIII|IIII|IIII|IIII
0 2 3 w0 s 0 0

p_T[GeVic]

Counts

40

35

30

25

20

15

10

L 111
N w2 2 40 5% & 0

W,ZIDY - e signal

. 10-20GeV is forced to be 0
signal shape from PYTHIA

TN
PH ENIX

Preliminary

p_T[GeVic]
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Event sample 30<p,<50 GeV/c

From 9.28 pb™ of data
Sample Raw counts | Backgroun Backgroun Isolation
d counts cut counts
subtracted
Positive 48.9
Negative 16 10.6 5.4 1

Total 76 21.7 54.3 50
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