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= Internal structure of a nucleon ~parton g, (x) = _z e, 2Aq(x)

model ~ _ 2
— discovery of Bjorken scaling law < 00| proton w#
= establishment of the parton model 0.04 —: SMC ?ﬁ ¥
= Bjorken x : the momentum fraction of parton 002: 0 Eias ﬁ#‘“ E+
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= DIS experiment
— lepton-nucleon scattering
— cannot access to gluonin
leading order
= semi-inclusive DIS
experiment

— next leading order

= high p; hadron pair
measurement

= open charm measurement

= difficult to constraint on
AG effectively
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yn-Polariz

= Polarized p-p collision experiment
— direct contribution from gluon

- 1% measurement provides the largest
constraint on AG

= Weak points of the 7% measurement

zation

— large uncertainty of fragmentation functions

— dependence on function form of Ag
modeling

= further multiple measurements

with various channels are required

spin asymmetry of n° production
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gluon polarization in a proton
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SpIn“Asymmetry

of_Heavy Quark Production

HQ _ HQ .
ALLHeavy Quark — 0++ 04— proton (pol. 5
O-‘HAHQA T 0-+_HQ ' heavy quark
~J dxldxz (aLng?g?g> gluon gl/?/l/ -

0
% heavy quark

i I
= spin asymmetry of heavy quark proton (pel.)

production )
— the main reaction is gluon-gluon distribution of Bjorken x of gluons
scattering contributed to each reaction
— direct measurement for the gluon i €,€
olarization o 05 <pr® <15
P v EPYTHIA simulati
— hard process - validity of pQCD
« an ideal channel to measure the __»* . ®
gluon polarization D003 I eorizoue
T 002 e, )
T 0.01 - E
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= measurement of the heavy quark at PHENIX =L

— detect an electron from heavy meson decay K
4 I
DJr — K 0 Ve single electron . Ve

\DO—>IZ_VE ‘(_;c

= spin asymmetry of the single electron production
— asymmetry of inclusive (Signal+BG) electron production A, 5+8

/\-

singlee :i S+BG _1_ D BG zi S+BG
L D L D L D L
Nsinglee )
D=—_¢ . Signal Occupancy

S+BG
N.*

— BG reduction for large Signal Occupancy is important
for the measurement of the spin asymmetry
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forthe.Single.Electron.Measu

PHENIX 05’ single e and BG cross section

- R \
dominant background p+pVS=200GeV (05' result)

(. photon ConverS|on background '_]02 S S S 05' single e cross section |
T (77) N 7/7 7 N e e (In ma.terl al) r\1> )i 0\ - t(;IainG electrons (cocktail)
"2 photonl|c
= Dalitzdecay | oiacted by HBD (shown in later) - Y comersion T~
0 = / 95%
T (77) —> Yy €€ UL // P
= direct photon conversion Fo2bh \K N

! single electrons can be estimated by subtracting |-
photonic electrons from total mcIus:ve electrons

= Heavy meson decay mﬁé AN
D—oe*+X (signal) e
= Kaon decay background ) :

l(eg:Ki—)ﬂ'oVeei ~ a few% of
= vector meson decay non-photonic electrons N
\ o, p, ¢, /v, Y —> et at p; > 0.50GeV/c i 2 3

B, [GeVA]
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Siberian Snakes

Spin direction spin direction N

Pol. Proton Source 3 - — + 1+ collision + — 1+ —

. ~ 11
= the world’s only accelerator for ©: a bunch of protons (~2 X 10" "protons)

the polarized protons = analyzed data N
— bunch-by-bunch spin direction is proton-proton collisions
different at /s =200GeV

POV S N W Y integrated luminosity ~6.1pb-!
+ P;R N, +RN At
Tre T0u= BTy N T <beam polarization> ~ 57%

L : .
R=—* : relative luminosity
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PHENIX detectors
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EM. Calorimeter

¥Yor =we’L

Aerogel
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PHENIX : detector complex

— pseudrapidity: |n| < 0.35

— azimuthal coverage: Ad =2 X 1/2
Drift Chamber + Pad Chamber
(DC + PC)

— tracking & momentum
reconstruction for charged tracks

RICH Counter

— electron identification
CIECUrUmdgneuc Cdiorimeter
(EMCal)

— energy measurement for electrons
& photons

Hadron Blind Detector (HBD)

— BG rejection for the electron
measurement

— this measurement is the first
operation of the HBD

— important detector for the
measurement
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Hadron Blind Detector (HBD)

photonic electron

single electron :
( electron pair)

—_—————— -y

7/’ . pairmass~0
o’ :

iy B field ~ 0
H‘BD cluster charge dlStrlbutlons

Wi ozzh

HBD cﬁster charge distribution

E 0. 055 VM _.:r mei‘l;ed L.‘.:NS:(’{‘
b o [ K ' ]
. ! wl ! IM < ‘each histograms are
= Hadron Blind Detector - I ¢ normalized as
— gas Cerenkov detector read out E IW bw M% ¥ integral=1(or0.1)
with Csl evaporated GEM E MM a% '
. ope . ooil ! m
— electron identification L " L‘M
= this analysis is the first time of 0TI I A S0 e T G e

physics measurement with HBD
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New*AnalysistVieth'od

forthe.Single Electron

ER T cmdaeseds w - electron analysis with HBD
o [ Ty ‘ ‘ . . .
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" superposition clusters and merged clusters by
E .. g";?"’" :Vggg V/ fitting HBD charge distribution

. v U./70<p.<l1l. ev/c . 5
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g -"Scczé) RE Saré’Sp” Yield of single electrons
P 2 A A electron yield spectra
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established a new analysis methoj
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Check of Cross Section Spectrum

cross section of single electron production

= cross section of single = 10 WIT DR(oel et s 2u0ce ]
. o . W = resu
electron production S R T £l resuie
i i S 1075 ;(thlS ana!VSIS) 2005 (PRL.97.252002)
— good consistency with £} | 1!1, ............................ O s 2006 (preliminary)
previous measurements m; II
] ] Tt s B ]
= different analysis method £ "¢ 7 "~ ; ]
from previous - 107 ‘W/OHBD'..I .............. ............................. ...... 1
revigus measurements) s P
measurements (p MAIuE. MES JSEements )m, T =
_ & ktail : PH “ENIX “ug! .
converter & cocktal J o] p;f.'e.ll.mma.ré.y ......................... - *‘T ..... i .
method for 2005 and E sl
2006 results 10 I 2 3 GVl

confirmation of the reliability
of the analysis method with HBD
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meastirementorspin‘asymmetry

of single.electron.production

s:gnal occupancy
M.g_g _______ - W./_._HB_D _____________________ R A ' ..... ....... 7

Signal Occupancy: D
i

Signal Occupancy
[ g —e— 09" (w/ HBD)
I,HQW/OHBE) _______________________________ —=— 05’ (converter method) |

—m— 5 (cocktail method)

. (previous measurements) == o merod | -
0.5 ! 1.5 2 2.5

P, [Gerc'ﬁ
= Signal Occupancy: D
— the important value for the asymmetry measurement

— increase by about factor of 1.5 from previous
measurements due to the HBD performance
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Spin“Asymmetry*for

Single Electron Production

spin asymmetry of single electron production

A 2009 p-p\s=200GeV
; 0.15 &l : A;f:gle e 1 ]
£ mmmmm— syst. scale error from dilution factor ]
= BG
< 0.1k syst. error fromrel. lum.and A" i i ]

-0.05 | P R AU R DO s -
o g '
L PHENIX ]

-0.1 s , ................. pr,e.hmlnary ~ ........................ ......... .
( not mcludmg 8.8% pol scale err()r) : : ]

0.15 [ i i i i i i i
0.5 1 1.5 2 2:5 pT [G;GV/C]

= success of an approach to Ag/g(x) by using the very
clean channel

- A, SM9%€ (0.5 < pr < 1.5GeV/c) = (3.1 + 5.5535 + 5,75YE ) x 1073
— estimation of the constraint for Ag/g(x) from the result is on going now
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Summary

Summary

= Spin asymmetry of single electron production is an ideal
probe to measure the gluon polarization in a proton.

= A new analysis method for the single electron with HBD is
established and confirmed its reliability.

= The new method increases the “Signal Occupancy” by a
factor of about 1.5 compared with previous measurements

= The approach to the Ag/g(x) with the very clean channel
is succeeded.

~ A,,59%e (05 < pr < 1.5GeV/c) = (3.1 + 5.55tat 4 525¥st-y % 1073

Future Prospect

= estimation of constrainton Ag/g(x) from the result is on
going now
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result stability for ring radius
—*—— bcm~Tcm
0.8 8em ~ 9em

r applied syst. error

= Single Electron Yield
— HBD cluster charge fitting
= 25% of merged clusters
— HBD ring charge fitting e
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Spin Puzzle ~EMC measurement-~

polarized DIS measurement :’2-_;£Ai;'i'af;)"""' U
F2 ”-2-‘ - —_-n.us
I X1+ R) A | I
1
0,(x) == 2 ¢ Aq(x)
q
- SLAC (1976, 1983)
- EMC (1988)
e quarks polarization is only
0.012+0.116+0.234 of the proton
Spin S R
« (assuming Ellis-Jaffe sum rule) ECOVOP S S
e current quark polarization i B LA
- ~ 25% of the proton spin (SIDIS) 2
FIG. 3: Our polarized PDFs of the protcm at Q% =10 GeV
FHEIEIAL, Kyoto U”‘Vers‘ty GCOF e e and the ot

pOS I“ Hessian approach, as described in the text.
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Generalized Parton Distribution (GPD)

e GPD is all-inclusive distribution function of parton
- PDF: momentum distribution of parton
- FF: spatial distribution of parton

e spatial x momentum - orbital angular momentum

definition:
I—e* (Pli7 (= An/2)7 s (An/2)| P) o H (x, 4%, T (P70 (P  E(x, 42, T (P)"’ Sy (P) -+
[ S2e (P (= an/2)7"y v (an/2) P) = A (x, &, O (P)y#7°U (P) L E(x, 42, O (P") 7/2|\A/| U (P)+--
— -
T Bjorken x
< A2—_t—_(p—p)2 Mandelstam-t
n oc (1,0,0,—1) light-cone vector
2012/2/13 | ¢ = Kybkb-tRiversity difference of longitudinal momerttum
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Deeply Virtual Compton Scattering
(DVCS)

/
\\\ q
x+a x-§

P GPD PP=P+A
A=P-P

e« DVCS amphtude - measurement of GPD

T~V (PqA)———(p n“+ p“n“—g” )I [x 5/12+|g+x+§/2 Igjx

o?’n
[H 0o P (Pynu (P {E(x 47, P (P) ' T 2 (P)}

. 1
—Lg“mﬁp nﬁj.dx 1 S 1 — |x
2 X—&12+ie x+<&/2—ie

°A
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Model-dependent constraints
on J, and J,

3 1

e large model K
dependence

e cannot refer about _
quark angular 0
momentum
contribution for |
the proton spin yet a1 R

-1 0.5 Sd 0 0.5 1

HERMES DD (VGG)

e
(8)
i

o.5another model

Figure 10. Model-dependent constraints on #-quark total angular momentum J,

vs d-quark total angular momenturm J;, obtained by comparing DVCS experimental

results and theoretical calculations. The constraints based on the HERMES data

for the TTSA amplitudes Asm (=¢s)eosd on Asm(“ﬁ #5) use the double-distribution

(HERMES DD 32, 39] or dual- parameterlsatlon (HERMES Dual) [49] GPD models.

The additional band (JLab DD) is derived from the comparison of the double-

distribution GPD model with neutron cross section data [55]. Also shown as small

(overlapping) rectangles are results from lattice gauge theory by the QCDSF [52] and

LHPC [47] collaborations, as well as a result for only the valence quark contribution

DEJI) ba, ro-skewness GPDs extracted from nucleon form factor data 54

201 2/ 2/ 1 3 KyOtO Un] E%]ﬁ! cﬁiﬁ a]l rectangles represent the statistical uncertainties of the[i tic]e
p 4yYlts, and the parameter range for which a good DFJK fit to the micleon form

] III “| I| ‘ III l” I| | II. l | lII “‘ I' | factor data was achieved. Theoretical uncertainties are unavailahble.
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charm quark fragmentation function
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