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Pur poses

Determination of parton distributions

 unpolarized distributions in the nucleon
3 major groups (CTEQ, GRV, MRYS)

e polarized distributionsin the nucleon
several groups (GS, GRSV, ..., AAC)

e distributionsin nucle

No %2 analysis! (seeEskola, Kolhinen, Ruuskanen)

— for understanding nuclear mechanisms
In the high-enegy region

— for heavy-ion physics

— reexamination of g,(x) in the nucleon



Current status on unpolarized
distributions in the nucleon

Parton distributions are determined
by fitting various experimental data.

e glectron/muon p+p - p+X

* Neutrino V+p - B+ X
e Drell-Yan P+p - P+ X
e direct photon Wp+p - y+X

(1) assume parton distributions at Qg(~1 Gev?)
eg. fi(x,Qg) =A; x(1-x)"(1+YyX)
where i=u,,d,, 0,d,5 ¢

(2) calculate structure functions

at experimental Q° points

(3) then, A, q;,B;,YV; are determined
INn comparison with data



Avallable data for determining

parton distributions
(Ref. MRST, hep/ph-9803445)
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Recent unpolarized distributions

« CTEQS, Eur. Phys. J. C12 (2000) 375
« GRV98, Eur. Phys. J. C5 (1998) 461
« MRST99, Eur. Phys. J. C14 (2000) 133

MRST99
0.8- 1 j Xg '
Q*=2GeV? '-_

Unpolarized distributions are well known
In the nucleon.



e parton distributions in nucle ‘

Nuclear modification of F,A/F,Pis
well known in el ectron/muon scattering.

Fp = 2 x[4u,00 +d,0)], + & X Sa(X)

Fermi motion
1.9 \
® EMC (1990)
1.2-1 @ NMC (1995) \
| @ SLAC (1994)
A e 1.1 1 E665 (1995) ® -

- original EMC finding
bt (binding, subnucleon?)



Convolution

o @PD=F | 52 £urpD fon(P)

'

un06@) = F [ a2 Frny)

Q? rescaling model, [ /

nuclear binding, nuclear pion, I



Parametrization of
nuclear parton distributions

without relying on models!



® Nuclear parton distributions (per nucleon)
If there were no modification

Aur=ZUuP+Nu", Ad*=Zd°+Nd"

lsospin symmetry: u"=dP=d, d"=uP=u

Zu+Nd dA:Zd+NU
A ’ A

-~ UA =

o Take into accont the nuclear modification
by the factors w.(x,A)

Z u,(X) +N d,(x)
A
Zd,(x) + N u,(x)
A

Uy(X) = w, (X,A)

dy(x) = wq (X,A)

9°(x) = wy(x,A) 9(x)
9%(x) = Wy(x,A) 9(X)




A dependence

Ref. |. Sick and D. Day, Phys. Lett. B 274 (1992)

A

P | «“volume’ “surface”

— R= rOA1/3—

roughly speaking o, =A o, +A?* 0,

Oa _ 1
A T OvT B Os

~ ﬁ dependence

0.9




Functional form of w;(x,A)

(%) = wi(x,A) fi(x), i=u,d,ag
first, assume the A dependence as VA *'®

then, use

wi(x,A) =1+ (1-/A™) a;thb; x+c; x*+d, x°

(1-x)P

a,b,c,d, [ parametersto be determined
by x? analysis

1

Fermi motion: _
(1—x)Fi

— 00 asx-1if 3,>0

Shadowing: w,(x-0,A)=1+(1-1/A"®) a <1

Fine tuning: b, c,d



Constraints

* Nuclear charge

z=A | o[ Bwr-o) - L -a) - Lo -]
(1)

e Baryon number

A= Afdx%(u@m@)

e Momentum

A= Afdxx(u¢\+d§‘+6qA+gA)

Three parameters can be determined
by these conditions.



Structurefunction inleading order

FR=2 e x(af +a) =x (G up+ 5 di +22 q)

fA(X) = wi(x,A) Ofi(X)

_ _q/a 13y &b x+C x*+d; X°
wi(X,A) =1+ (1-1/A") (1—x )P

parameters: %V, a/d/xv by, Cy, B By,
3 Do Coy 9 Bs 3 by, o BBy
/ . nuclear charge, baryon #, momentum
.dy,=d,=d,=0 inthequadratic fit
a g

:d, =0 inthecubicfit

/" 1By=By=1: g& gcannot be determined
In the large x region at this stage

N bg= —2¢, g(x) shape cannot be
determined at medium and large x

7 or 9 parameters for 309 data points



Experimental data on F,A/F.P

NMC: He Li, C,Ca
SLAC. He, Be C, Al,Ca Fe, Ag, Au
EMC.: C, Ca Cu, Sn
E665: C, Ca Xe, Pb

BCDMS:. N, Fe
500+
1 = NMC
e SLAC
100 s
cq\ i A EMC EE
] O
% | E665 - ED A‘.‘ﬂ
(\D/ | O BCDMS - D:i . . ’
AL 104 lfll oﬁ
O ] ¢ ] ® ®
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Analysis conditions
e parton distributions in the nucleon
MRST98-LO (A oep=174 MeV)

e Q° point at which the parametrized
distributions are defined: Q =1 GeV?

e used experimental datac Q > 1 GeV*
e total number of data: 309
e number of flavor: n, =3

o subroutine for the X analysis. CERN - Minuit

y2= 5 (RE-RA)’
RC
F A
R=5, of=(0%)+ (0%’
F

- Obtained x32../d.o.f. =583.7 / 302 (quadratic)
= 546.6 / 300 (cubic)



Analysisresults
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X2 contributions

A # of data X2 X2
quad. cubic

He 35 556 545
Li 17 456  49.2
Be 17 39.7 384
C 43 978 882
N 9 105 104
Al 35 388 414
Ca 33 723 697
Fe 57 1157  92.7
Cu 19 137 136
Ag 7 127 115
Sn 8 148 177
Xe 5 32 24
Au 19 555 492
Pb 5 79 76

total 309 583.7 546.6
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Weight functions w;(x,A)

1.2

for He, Ca, Au

1.1

al, sea
|_\

Wy,
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Weight functions and
parton distributionsfor Ca

1.2
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Determination of each distribution

Vaencequark note: g,=q-q

neutrino deep Inelastic scattering X
=
V,tp - U+ X
W+
V, D

L* = s;g 0(k) y* (1 —ys) u(k) Lo(kD) y* (1 —ys) u(k)

=2 [ KMKCY + KK — gk IRO + i#veok kO

= =W, (g0 =gz + W, oLy (o = Rola) (pr = o)
‘ I W E':uvpcr ppq ‘

GZE?
dED dQ  2m2(1+Q%M2)?

. + .
x | W, coszg +2W, sng + EME]\N3 sng

parity violation: W, [b | -0, , F;,=vW,
in parton model
FP=2(d+s-0o-c), FF°=2 (u+c—-d-3)

vp vp
FUP+F

FP=—=5"=u,+d, ifssc=c




Sea quark
e/l scattering

F = 4 g X (u+0) + = x (d+d+s+3)

F,'= x (d+d) + = x (u+O+st3)

Fp+F” .
R = T2 = 2 X (UHH D) + 5 X (S+9)
=2 xvV+Axs if SU(3) symmetric sea

18 18

Drell-Y an (lepton-pair production)
0,

“-+
P, +pP, > WU+ X (q2)>ﬂ.'w<
41 -

v
@)
do O g(x)a(x,) + a(X)a(xy)

at large X=X, —X,
# % do0g,(x)a(x)
projectile target /‘

g(x,) can be obtained if g,(x,) iIsknown



Gluon

scaling violation of F

Q.
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Future possibilities

e \Vaence F;aty factories
F at eRHIC, HERA-eA

e Antiquark: Drell-Yan at RHIC, LHC,
~ermilab
F, at eRHIC, HERA-€A

e Gluon: directy etc. at RHIC, LHC
dF./In(Q?) at HERA-eA



Summary

e first x? analysis
for the nuclear parton distributions
Computer codes could be obtained from
http://www-hs.phys.saga-u.ac.|p.

* nuclear PDFs are still premature
— need analysis refinement

 reasonably good fit with
X2,/ d.o.f. =193 (quad.), 1.82 (cubic)

e gA(X) ? g~(x) a medium x ?

* dy(X) Inthe nucleon is determined
by v-Fe scattering at this stage
- reinvestigate with nuclear modification

e relation to heavy-ion physics ?
o future experiments ?



