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* Motivation

« Single Spin Asymmetry in W production.
« W-analysis at PHENIX .

« Forward Vertex Detector (FVTX)

« Backgrounds in W Production .

* Reducing backgrounds using FVTX.
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Motivation -5

DSSV Global Fit -- arXiv:1112.0904v1 [hep-ph] 5 Dec 2011

« The recent global fit by de

_ xAu AL xAd _
Florian, Sassot, Stratmann and  © i |
Vogelsang (experimental T b 1
references therein) shows a 'k ]’
clear determination of the pad: | 00
polarized parton distribution b dase T psvacisdt Jon
function of Au(x) and Ad(x). ::x:ﬁ:;:::::: ST ::::::::35’::;;::::: R ‘_ o
« However, PDF for sea quarks Z? * u

(A%, Ad, Asand A3) and gluons ; A
Ag have larger uncertainty. AP | Y

- The Weak Interaction canbe | B Sy
used to probe sea quark P0GV s 1o
distribution. S 0t ooty |
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P?%%/ETQIX W Single Spin Asymmetry

« We can measure Parity-violating longitudinal W* Production
single spin asymmetries (4,) in W —»u

production during pp collisions. "“ﬁ

« A/’s are sensitive to the polarized sea quark hs
distribution of the proton spin

Al _ Ad (x1)u(x2)(14+cos0)* — Au(xy)d(x2)(1 —cos 8)? AR
L dx)u(x)(1+cos0)2 +u(xy)d(xy)(1 —cos0)2 kgé My
- ,ﬁu(t])d( 2)(1 . C059j2 o A.d(x] )E(xg)(l —|—C059)2 yvhere Ois the lepton decay angle
A = 5 - 5 in the partonic center-of-mass
i(xy)d(x2)(1 —cos@)=+d(xy)it(x2)(1 +cosB) system,

. |Forward rapidity limit | Backward rapidity limit

A lu+ Au

d
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W-analysis at PHENIX

* During 2009 run, non-zero parity violating asymmetries were observed at the central arms (mid
rapidity) from W — e decay at 500 GeV polarized pp collisions. PRL 106, 062001 (2011).

 2011run, forward arms of PHENIX observed u
from W decay at 500 Gev polarized pp collision.
(RPC’s upgrade, MuTrigger Upgrade and
fast read-out electronics added).

* However, still more luminosity
and background reduction
IS required to improve the significance of
the result.

 Forward Vertex Detector (FVTX)
Is installed in 2012. Expected to
Improve tracking for Muon-Arms.

.
<

2011, L = 25.5pbt, P =50%

1.5F

.....................
W*+Z—su* in P+p collisions at 500 GeV (2011)
Polarization scale uncertainty: 5.9 %

—~—
- A PH ENIX
— DNS min preliminary
— DSSV

= DNS max

— GRSV std

= GRSV val

1.5F

-1 0 1 2
""""""""""""" ]
W+Z—-u ~— .
Polarization scale uncertainty: 5.9 % PH ENIX ]
preliminary

1 " L i i 1 i " i n 1 i i i i 1 n i i i 1

Sampled cross-section: 25 pb'l per arrm ]
RHICBOS (W47 oxBR=4| ph assumed for background -
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PH‘“>X<’ENIX FTX General Info

Z-axis

e ’rr"‘“*-“‘ T el

FIVTX

« FVTXhas N and S arms. Each arm contains 4 discs
perpendicular to the beam axis. Each disc contains 48-
“wedges” made of Silicon mini-strips.

1.1 Million strips (each 75 um radial, 3.75in ¢).
« FVTXcovers 1.2<|n| <24, 2win @
 Fully operational in 2012 (p-p, Cu-Au)

 During 510 GeV p-p, FVTX recorded integrated luminosity of 30
(pb)1 for z < |30|] cm vertex.
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PH-<ENIX How Does FVTX Help?

» Different distributions of Distance of
Closest Approach (dca) for Muon:

from D,B,K, mand prompt. (more on
Jeongsu Bok’ s Talk, Sat — PC Instrumentation

« dca_r =impact parameter
In the r direction (Better
measurement in radial)

FVTX Provides; dca

- Better dca measurement,

« Combined FVTX+MuTr track fit (chi2) helps reject decay-in flight
hadrons,(next slide)

« isolation cut helps reduce hadronic background.

e — e —
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Dominant background: from low p; hadrons

Muons from hadrons decays in e
Mutr could be (mis)reconstructed LU
to higher momentum, because of
their kink trajectory accidentally
matching to straight hit points in
the MuTr. (fake high pr muons).

decay track

low pt track
round before cuts Lol -
round after cuts

Signal) before cuts ) ) )
Eigna@ after cuts The background in W production is

--------------- -~ dOominated by the misreconstructed
low p+ light hadrons (pion and kaon)

50 60
o _pT(GeV!c)
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Improved W signal dca_r (FVTX+Mutr)

o 108 -Simulation: Reconstructed using
5 the actual code used for real data.
Q
10° —— Muon Tracker Mutr dcar_rms = 1 cm
— FVTX+Muon Tracker
Fvtx+mutr rms = 0.006 cm

10°

- 5 Million Generated single muon

10° events at Vs=500 GeV p-p.

10

EUJJ? ||I|||||‘ |I||||||‘ ||||||II‘ ||||||I|| [T TTT

dca_r [cm]

S — e —
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PH._ENIX >
Comparing dca_r of Hadron and W Signals

htemp

s ooine|  Method
' =hroader distributionin|| . B By applying cuts on the
pdaca_r. ' dh V' Pion- rms = 0.09 cm upper _I|m|t of |dca r|, we
= i i Signal rms=0.006 cm can reject some hadrons
mZé— (] vv_hile preserving W
- Tk signals.
10 = | I
= | |
- 1 1 : : . .
ISy i ﬂ”ll]"F]ﬂ oo * Rejection with dca_ris
- ? ! z just ONE of the cuts that
dca_r[cm] .
. are planned to be applied
s Entries . 38770 (chi2, isolation cut ...).
L Mean -0.02535
10t = RMS  0.09802
035 Kaon- rms =0.1/cm In progress,
YE Signal rms =0.006 cm  * The plot shows
o contribution from all
- pions/kaons.
= * Need to identify those

, rr']l_q I hadrons with low p; and
RV Rt e ® Cmas fubume hedl o med e et f..-hl.m.. i h,rl:‘,m.. .-l-ln!:lnﬁ th... e m isreCO nStrUCtEd aS hig h
SR>, U.S. DEPARTMENT OF dca_r [cm] pT_
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PH - ENIX i
Summary e

¢ Sea-quark polarized distribution can be studied using W
Production Asymmetry.

*» 2012 — FVTX collected its first commissioning and physics
data - analysis in progress.

“* FVTX upgrade will add more tracking information reduce
backgrounds while having high efficiency on the signals.

¢ Run 2013 is expected to bring us enough data to finalize our
W measurements

=,
\2y
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ackup dca_r at different p; bins

dca_r Bt 1 T B 3 i e . et R et e ot o et 1 e e T < Wb e ¥ b =B e e e

. htemp hiemp - _ht;;-np
(@) b|n Entries 51060 Entries 14093 :

fN Mean  -0.003642 1< P <2 GRV/CMean -000398 ” Entries 5997
b RMS 0.1077 o T RMS 0.09215 Mean -0.00314

% ) w RMS  0.06128
| T o ,.n, EoL, ﬂmnnﬂl.n L. el GG nnﬂTH L.

-12 -10 -8 -6 5] -4 -3 1 2 b -2 -15 1 . . 1 1.5.

e Ete}mp : S .-.._,.,_,_-.w.._ﬁtémp e e o e e e e _.u..__u.ﬁémp

) - Entries 3303 o Entries 2106 w Entries 1504
3 Mean -0.004171 2 Mean -0.003799 Mean -0.004033
F RMS 005361 oL RMS  0.05042 w RMS  0.06368
r_.;_ 1&;— o

AR AT = SN R ‘B0, 0000 . UH LA E_D ! | Iﬂllﬂﬂ L

-2 -1.5 =1 -0.5 0 0.5 s ) -12 -1 -08-06-04-02 0 0.2 04 06 Q.8 -2 -1.5 -1 -0.5 0 05
. e e e e e |, mmem———————— .N._.....______.._.Ht_ar.np 5 e e e e et e ._.I'Ee'mp

g htemp Entries 820 - Entries 532

- Entries 1029 Mean -0.003266

. Mean -0.004917

vk Mean -0.00699 g RMS  0.02637 32 <9 Gevlc

: RMS 0.113 - pT RMS  0.04075
I‘.‘-;— 10 Iﬂ;—

Ealoiiireireeo b Wl 0L | S0  ( §| A0, L0 LA | ..

35 -3 25 -2 -15 -1 05 0 405 -04 -03 -02 -0 01 02 03 -0.6 -0.4 -0 0.2 0.4
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PH . ENIX - Sy
Tight dca_r cuts

Entries 414

Mean -0.0191
RMS 0.06134

I
T

1wE-dca_r of pion -

at pr =10 Gev/c

10

Signal Background
rejected

Cutat 0.06 cm 100% 9.5%
Cut at 0.012 90% 27%
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Backup

dea_r {[{abs{dca_r)}<0.1)&&(dphi_fvtx=-1088(sqri{px_fetxmutr*px_fvtemutr+py_futemutrpy_futxmutr))>9.588&(sqri{px_fvixmutr'px_fvixkmuir+py_fetemutrpyfvtxmutr)j<10.5)}

200 htemp
Entries 1866
Mean -0.003419

dca_r signal RMS 0.008265
at pr =10 Gev/c
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dca rof hadrons vs Signals

htemp

= Entries 38719
L Mean -0.02535

10t - RMS 0.09802

ma;_ Pion+ rms=0.1 cm
Signal rms=0.006 cm

10° = [

10;— L_L—‘

"E ﬂﬂﬂ 1 F] I mIJ]I] ﬂﬂﬂﬂ.|

-3 -2 -1
ST T NAE AV f\.rr wmtr*fnw futvmiite/faortine  futemotr*ny futemn t r+nv M et r f\.rh(ml itr ‘l‘l‘l

; E ntnel;tem p5496 1
- rms  oosror|  Kaon+rms 0.1 cm
10* = .
Signal rms 0.006 cm
o
wh
10 ;—
lxmutr]l))ﬂ?ﬁ fvtxmutr (py_ fvtxmulr.’(sqrt(px f:-txmutr pr_fvbxmutr+py_ | flemutr py fvb(mutr)))

==
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Conts

h3
, Entries 44706
Mean -0.02347
o RMS 1.003
! | : || TR

-3 20 ET) ] 0
aa_r jom)

Futxmutr

Entries 44706
Mean -0.000912
RMS 0.006218

Muon Tracker

—— FWTX+Muon Tracker

Counts
. . 3 5
-
i
<

mutr
F = = = G 2 = 2 e 8 E h3
ke s Entries 44706
© L | —— Muon Tracker Mean -0.02347
10 e RMS 1.003
F | —— FVTX+Muon Tracker
s e e PP v 10° =
- h3 F
£ 10" = Entries 44659 C
S E —— Muon Tracker gs‘fg’ -0%1532 I
; — FVTX+Muon Tracker] 102 E_
L 10 =
g g II 1 II Ll 1 1 | Ll 1 1
- 0 -30 -20 -10 0 10 20 30 40
E dca_r [cm]
=L | L
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« W bosons only couple to the left-handed fermions and right-handed anti-fermions,

Minbias event
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Observing Heavy Quarks Production. ”

The most common mechanism is “gluon-gluon fusion” -- a gluon from each proton
contributes to an “open box” diagram involving a quark and an anti-quark.

proton beam %
Ty Q

oy

1 Heavy quark pair (Q = c or b)

m@%gs@—*— Q
proton beam %

Then, there are two possible general outcomes:

(1) The quark pair combines to form a single meson. "Closed heavy flavor"

Eg c+c>Jlw—>u+u

This meson decay is electromagnetic and so is very fast. 7~10"s c¢r~10"" cm
(2) The individual quarks fragment to form heavy mesons. "Open heavy flavor"
Egc—>D—->u+X

. . . -12 -2
This is a weak meson decay andsoisslow. 7~10™"s cr~107 cm

——— N —

TA

un
-
]
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First w7 — i Single Spin Asymmetry at Forward Rapidity

2011, L = 25.5pbL, P =50%

T T Ll
WHZ—sp* in P+p collisions at S00 GeV (2011)
Polarization scale uncertainty: 5.9 %

) TN
. A PH ENIX
— DNS min preliminary
- DSSV
= DNS max
— GRSV std
— GRSV val

RHICBOS (W+7): 6xBR=131 ph assumed for background
1 1 1

-1 0 1

TN
PH  ENIX
preliminary

WH+Z-p
Polarization scale uncertainty: 5.9 %

-0.5

s

Sampled cross-section: 25 p'h'l per arm
RHICBOS (W+Z): oxBR=41 pb assumed for background

1 " n " n 1 L " " " 1 n

T 0 1

L = 300pb1, P =55%, S/B =3.0

| W* — 1, 300 pb™', 55 Polarization, $/BG 3.00 |
1 0

FVTX will make big contribution on background reduction for |z| <10cm!

= N N iy
o4 W o> u +v e
uz:_ -’u GRSV val
0F il
oz:— _ﬂ___i_._——#z
04 Ad
0.6/ 40 d
-0.3:_I|]lJlllllll 1 | o 51 | [ | 1 1l Lo 10
2 45 4 05 0 05 1 15 i
77#_.
[ W —u, 3;0 pb”, 55 Polarization, S/BG 3.00 |
] 0.8—
65 W > U +V —]
0.4/ a H _——'Elf-:"‘}':
N e @
N e aposs=EEay d
U™ p2F
04 RHICBOS
-0'65_...|....|....|....|....|...\.. ] AT I
2 148 41 & N0 ns 1 15 ]
up
19
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DCA,

DCA = impact parameter projected onto p p;.
. DCA, RMS vs Momentum |
- g T
p? Lo.035*
o C .
o & .
- O 0.03— . "
—_— = N = i
z 0.025— . R T
C b
- 4 -
II.DZ_— [] L .
0.015— . . i
n_.u1f_ B— i -
P pxOreco - D-p
DCAy = xOreco™( I 3 3 ) 0.005— prompt particle
+ pxOreco™ + pyOreco” -
py[}i"{?{:‘{} n2_||II;IIIIlIIIIEllllll!‘IIII?lllllléll|Ig|‘||||||||IIIIII

+ y0reco ™ (—
| 2 I
\ px0Oreco™ + pyQreco

):

I mmra;lnﬁum l‘éa\"n’t?]z

£ You and X. Wang for FVTX
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