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Proton Spin Puzzle

1 1
AY :Quark spin Ag :Gluon Spin

< L >g+g : orbital angular momentum of Quarks and Gluons

Experimental results : AY ~ 0.3

; Naive quark model does not work!

Need more information about polarized partons

in the proton//
However!

The knowledge of the polarized gluon
1n the proton i1s still poor/
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To extract the information about the polarized
gluons, we propose such two processes:

+ P — A} 4+ X,
+ P —s D* 4+ X.

N

c quarks are not main constituents of the proton.

¢ quark which is component of : :
Charmed hadron 1s mainly produced o |
via gluon-gluon fusion. _

4
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Especially
_Afis interesting !

=Aj;_barvon is composed of heavy c¢ quark
and antisymmetrically combined 1light U and 4 quarks.

v

Spin ofAj;baryon Spin of c¢ quark ]

e Gluon 1n the 1nitial proton is related
produced c¢ quark.

Observation of the spin of the produced Ajgive us
information about the polarized gluon in the proton
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} Subprocesses
—)—K > A
o _ N

This process can be measured by RHIC experiment!//
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To extract the information about polarized gluon
distribution 1n the proton, we calculated two
observables by using parton model.

pTd1str1but1on

1. The spin corre1ation differential cross section
dAo _ do(++) — do(+—) + do(——) — do(—+)
dp, il dpy,

P, : Transverse momentum of A;L

do(+,—)/dpr: Spin dependent differential cross section

» The positive helicity of the target proton

— The negative helicity of the produced A__J:r

2. The Spin correlation asymmetry

do(++) — do(+—) + do(——) — do(—+)/dp, _ dAc/dp,
do(++) + do(+=) + do(—=) + do(—+)/dpy  do/dpy

ALL —
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l‘T?distribution “

1. The spin correlation differential cross section

dAc _ do(++) — do(+-) + do(——) — do(—+)
dn dn

1 : Pseude-rapidity of A;r

2. The Spin correlation asymmetry

_ do(++) —do(+-) + do(——) —do(—+)/dn _ dAc/dn
LL = Go(4) + do(4—) + do(—) + do(—1)/dn _ _do/dn

we will 1nvestigate

which distribution i1s the more optimal one ?
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Proton-proton center of mass frame

_ V8 ~ — [ 4m?
+ = 1, 3,0 =,1——F
~-13<n<13 A{_‘ pA,r’B 5 ( , 5, ) . B \ ~

Py, = (Eﬁ{:a Py pT)

c

Op+ = 0 =0O

a7 :Scattering angle of the produced A

O, :Scattering angle of the c quark 1in
subprocess.
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The spin correlation differential cross section

[pT distribution ]
dAo _ gmax 1 ) ,
de [_.?1111]1 ‘f;:llllll '[ ]blflll_ Ggq,pr (mu’ Q )ﬁGEb:‘;ﬁH (mbj Q )
dﬁ{r

x——ADg. . (2)J dOdz,dz,

Ggﬂfpﬂ(mﬂ,qﬂ) :Unpolarized gluon distribution function

AGgz /I’B(mb’Q2) :Polarized gluon distribution function

d&&/dt .Sp1n_corre1at1on differential cross
section for subprocess
&D“ﬁf‘* (2) :Spin dependent fragmentation function
J :Jacbian which transform the variables

e

z and ¢ into M and Pp
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(III. Numerical calculation

Gluon Distribution Function of the Proton

Unpolarized Parton Distribution : Ggﬂfpﬂ(:cﬂ,qﬂ)

e GRV 98
M. GluUck, et al/. Euro. Phys. J. C5(2000)461

Polarized Parton Distribution : &ng/ﬁﬂ(ﬂﬂb-;@%

o AAC
Y. Goto, et al. Phys.Rev.D62(2000)034017

e GRSV 01
M. Gluuck et a/. Phys.Rev.D63(2001)094005

These parameterization models are widely used.
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Fragmentations Function

Unpolarized fragmentation : D,,.(2)

e Peterson Fragmentation Function
C. Peterson, et al/. Phys. Rev. D27(1983)461

Unpolarized fragmentation : apiﬂe(z)

Unfortunately, we have at present no data about ADg. (=)

2

The analogy with the study of A polarization.
&Dﬂ{! KE(E) - Cﬂj’f{T(Z)Dﬂ;fc(E)

Cﬂwc(z): scale-independent spin transfer coefficient

f

Naive non-rela. Quark model Cj+/c(2)=

Jet fragmentation model Cat/elz) =
A. Bartl et al. zZ. Phys. C€6(1980)335

.
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Statistical Sensitivity for 4,

1 1
0A ~
LL P Vbre €e L T o
P : beam polarization = 70 %
Br. : Branching ratio Br(A{—pk m')~5%
E : The detecting efficiency = 10 %
L : luminosity

L =8 X 1031 cm-2 sec-1 for /s = 200GeV
L =2 X 1032 cm-2 sec-1 for +/s =500GeV

T : running time = 100-day
c : unpolarized cross section integrated suitable

pr Or n region.

Ap.=1Gev 4an=0.1
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d(A)o

DPr distribution of and Arr at /s = 200GeV
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1 distribution of d(c%;“ and Arr at /s = 200GeV

3 < pr < 15
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Pr distribution of 4R and Arr at Vs = 500GeV
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Tl distribution of

d(A)o
an

and Arr at /s = 500GeV
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RHIC Experiment
can measured this
process.

For the process; p + p — A+t L X

The spin correlation diffractive cross sect1'on,""“f;C:,f'“::,',.f'‘“’/‘E*:‘}E,;"”‘:r
and spin asymmetry, Aj;r , have been calculated

for /s = 200GeV and /s = 500GeV

The statistical sensitivity, dAr; 1s estimated for
RHIC experiment parameters.

L

Arris sensitive to polarized gluon function.
1 distribution for Arr is optimal observable.
v Arr at+/s =200GeV 1is good observable for test
of parameterization models for polarized gluon.

Study of polarized fragmentation function is important.

D" Process is also give us interesting information
about polarized gluon in the proton.
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D* meson production



Pr distribution of 4R and Arr at Vs = 200GeV
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1 distribution of dA)a nd Arr at /s = 200GeV
an

3 < pr < 15
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Pr distribution

of

d(A)o

and Arr at /s = 500GeV
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1 distribution of d(t%)‘? and Arr at /s = 500GeV

3 < pp < 40
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