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Purposes

Determination of parton distributions

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

e polarized distributions 1n the nucleon

several groups (GS, ...)

e distributions 1n nuclei

only a few papers (Eskola, Honkanen,
Kolhinen, Ruuskanen, Salgado; Hirai, SK, Miyama)

— for understanding nuclear mechanisms

in the high-enegy region

— for heavy-ion physics

— for long baseline neutrino physics

— re-examination of qy(x) in the nucleon



Situation of our nuclear PDF studies

Refs. (1) M. Hirai, SK, M. Miyama,
Phys. Rev. D64 (2001) 034003.

Ist version: DY data are not included

(2) research 1n progress

2nd version: with DY and FzA/FzA’

We expect to write soon.



® Nuclear parton distributions (per nucleon)

if there were no modification

Aur=ZuP+Nu", Ad*=Zd"+Nd"

[sospin symmetry: u"=d’=d, d"=uP=u

A_Zut+tNd dA:Zd-I-Nu

—>u A , A

® Take into accont the nuclear modification

by the factors w.(x,A)
Z +Nd
020 = w, (x,4) TR E
Z d,(x)+N
4300 = w x4 T

q°(x) = wq(x,A) q(x)
g7(x) = W,(x,A) g(x)



Functional form of w,(x,A)
flA(X) — W1(X9A) fl(X)a 1= Uy, dva qa g

first, assume the A dependence as 1/A' "

1/3 ai+biX+CiX2+diX3
wi(x,A)=1+(1-1/A") 0 —x)"
a, b, c,d, B, parameters to be determined
by y* analysis
1

Fermi motion: —> o0 asx—>1 if §,>0

(1-x)%
Shadowing:  w;(x—=0,A) =1+ (1-1/A")a, <1

Fine tuning: b,, ¢, d,

Constraints

e Nuclear charge
Z=A f dx [%(uA—ﬁA) —%(dA—aA) —%(SA—ﬁA ]
=A/dx (fub-1d)
e Baryon number: A = AI dx % (ug +dy)
e Momentum: A= A I dx x (usd +df+6g*+g?)

Three parameters can be determined by these conditions.



Experimental data

(1) FA/ F,P (2) FATFA
NMC: He, Li, C, Ca NMC: Be/C, Al/C, Ca/C,
SLAC: He, Be, C, Al, Ca, Fe/C, Sn/C, Pb/C,
Fe, Ag, Au C /Li, Ca/Li

EMC: C, Ca, Cu, Sn
E665: C, Ca, Xe, Pb
BCDMS: N, Fe

B)opyt/o N
E772: C/D, Ca/D, Fe/D, W/D
E866: Fe/Be, W/ Be
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Analysis conditions

e parton distributions in the nucleon
MRST98 -LO (A ocp=174 MeV)

e Q’ point at which the parametrized
distributions are defined: Q =1 GeV”~

e used experimental data: Q > 1 GeV”~

e total number of data: 669
309 (FZA/FZD) + 308 (FZA/FZA') + 52 (Drell—Yan)

e subroutine for the y* analysis: CERN - Minuit

) Z (R ?ata . R;:aIC) 2
X . ( G data) 2

A A
F,” F, GSA

— D? A" pA'?

R

o = \/(o1)7 + (o)’

— obtained 7y :,/d.0.f.=1337.6 / 658 (preliminary)



Analysis results (preliminary)
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Nuclear corrections for Ca

preliminary
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Summary on nuclear PDFs

e v~ analysis
for the nuclear parton distributions
Computer codes could be obtained from

http://hs.phys.saga-u.ac.jp/nuclp.html.

e nuclear PDFs are still premature

— need analysis refinements

e reasonably good fit with 2., / d.o.f. = 2.03

* 2%(x)?
e 4*(x) at medium x <> Drell - Yan
® (x) at small & medium x — v factory

e applications to
high-eneygy nuclear reactions ?

e future experiments ?



Selected topics
(1) weak mixing angle sin?0y

(2) “HERMES effect”



NuTeV sin?0,, anomaly
NuTeV, Phys. Rev. Lett. 88 (2002) 091802

Others: sin20y, = 1 — my2/m,2 = 0.2227 + 0.0004
NuTeV: sin?0,,= 0.2277 £+ 0.0013 (stat) = 0.0009 (syst)
(talk by G. P. Zeller / K. S. McFarland)

® Studies on nuclear effects in iron

McFarland et. al., in http:/neutrino.kek.jp (Nulnt01)
nuclear modification of structure functions,
deviation from 1soscalar nucleus

Miller and Thomas, hep-ex/0204007
shadowing effects, vector meson dominance (VMD)

Zeller et. al., hep-ex/0207052

VMD issues: Paschos-Wolfenstein, Q? dependence,
each NC/CC ratio

Kovalenko, Schmidt, and Yang, Phys. Lett. B546 (2002) 68

modifications of nuclear PDFs in the iron

SK, hep-ph/0209200 v2 (Phys. Rev. D in press)
difference between nuclear modifications of u, and d,
This paper is explained in the following.



Paschos-Wolfenstein (PW) relation

vN VN
R =2NcTONc _ 1 29
vN N p) W
Gcc —Occ

N = isoscalar nucleon

NuTeV target: 3°Fe (Z = 26, N = 30), not isoscalar nucleus

—> nuclear effects should be carefully taken into account

Charged current (CC) cross sections for vA and VA:
d o A = A = A 2
iy ~ 00X [°0) +80) + {160 +E°0) (1-y)’
doce _ oo x [ d"(x) +8%(x) + {u’(x) + ¢ (%)} (1-y)’]
dxdy

2
where 6, =Gy s/ 1

Neutral current (NC):

G =0y x[ {uf +ui (1-9)HuAw) + e (0]
+ {u +ul (1 -y)}{u'x) + ' x)}
+{dr +di (1 —y) H{d (%) + %)}
+{di +d (1 -y)1Hd"®) +5°x)} ]

VA vA
dGNC . dGNC

dxdy dxdy LeB
where uL=+%—%Sin9\§z, UR:—%Sineéa
dLZ—%Jr%sinGé,, uR=+%sin 0y



Modified PW relation for nuclei

_ OXN¢— OX¢

Gic— Oce
=1 -y} [ —ud{ud) + cX0) +(dF — d 1A + 5200}
dy(x) + s0x) = (1 - y) {udx) + c}x)}

where q(x) = q4(x) - g (x)

R,

Nuclear effects are in the weight functions: Wy, and w d,

Zu,(x)+Nd,
w0 =, (x, A, 7) 2RO RGO
Zd, (x)+Nu,
4000 = w, (x, A, 2) 2 R0
Neutron excess and a related function
N_7 ~ UY(X) —dy(x)

€,= 2=, €,(X)=¢,
A ) uy(x) + dy(x)
Difference between nuclear modifications of u,, and d,,
wa (X, A, Z)—wy (X, A, Z)
£\(X) =
Wy (X, A, Z) twy (X, A, Z)

(F —sin®0y) {1+ 2,00 £,00} + § sin®yy {&,(x) +,(0)}
+ (% - % Sin20y) £.(X) + (% _ % $in%0y) £.(X)

2
1+ 6,00 6,0 + LD e )+ 6, (00}
1 (1-y)?
L 2e(0-(1-y) 2 e ()}

1—(1 -v)2

Ra=




Expanding, € ,€,€, <<1

R:\:% —Sinzew
. 1+(1-y) .
—&,(x) {(% —sin’Oy) - El z))z — % smzew} +0(e?)

+0(g,) +O(,) +O(&,)

1 small effect which increases the deviation,
Zeller et al., PRD 65 (2002) 111103

taken nto account in the NuTeV analyis

v
my studies in hep-ph/0209200
note: g (x) is not known !

constraints of baryon number and charge
Z:/dXA Ye(qt—-qY= [dx% (2uh—dy)

A=/dxA§%(qA— qA)zfdx%(uéeré)

1

[ax @+ dyraw, +w e 0060010

/dx u,+d)[AwW, {1 =3 e.(x)}—w,e(x) 3—c.(x)} ]=0

LSRR
2

where w, = . Aw, =w, — 1

There 1s no unique solution. The ¢, (x) should be determined
experimentally. We studied some possibilities theoretically.



Possible prescriptions

note: merely estimates of the magnitude
(A) [ dxu,+d) [Aw,+ w500 ,(] =0
B) [ dx (@, +d) [Aw, {1 -3 5,00} - we, ()~ 2,09} = 0
Prescription 1. Neglect O(g?), then integrand (B) = 0

o u-d) Aw )
S e N T N EY ey

Prescription 2. 7y ?* analysis of NPDFs

Wq (X) = Wy (X)

&0 = N 0 T W, (9

0.012
| Q*=20GeV’

561:;e g(vl)

0.017
0.008]

0.006]

e(x,QD)

0.0041

0.002] )

-0.002



Effects on sin?0,, determination

Rgzl—sinzew
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Effects on sin?0,y by simple x average
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If the simple x average is taken, the contribution is

of the order of the NuTeV deviation (0.0050).

However, 1t seems to be an overestimation due to lack of
large x data in the NuTeV experiment.

1

take into account the NuTeV kinematics (next page)




Take NuTeV kinematics into account
thank K. S. McFarland, G. P. Zeller

our PDFs <> NuTeV PDFs (*)

Zxu,+Nxd, Zu +Nuj

A —
AT W, A A
Zxd +Nxu Zd., +Nd.
A _ % Vo vp vn
xdy =wy, A A

—> U,=W, XU, uvn=wuvxdV , dvp:WdVde , dvn=wdvxuV
—> 8uv - qu - dvn - 8\/ (Wuv + de) XUy
od,=d,,—u,=+g (w, +wy)xd,

A'sin?., = I dx { F [6uZ, x] 8u’ + F [8d", x] 8d” }

The functionals F[...] are taken from
G. P. Zeller et al. Phys. Rev. D65 (2002) 111103.

0.75 Flsinay

:, F[sinze,,u,(x)—d,(x);x]

| FIsin®0y,dy(x)—Un(x);x]

_125 T.. vl b Vo w v by b o by wn bvwn v byway
Yo 01 072 03 04 085 06 07 OR N9



Effects on sin%0,, with NuTeV kinematics
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Summary on sin“Oy,

(1) As far as the considered descriptions are concerned,
the effects are too small to explain the whole NuTeV

deviation (0.0050).

(2) However, it is too early to exclude the mechanism
because the difference between u, and d, modifications

1s not measured.

(3) It is experimentally interesting to investigate € (x)
at NuMI and v factory.



“HERMEDS etfect” (nuclear effect on R=L/T)

HERMES, Ackerstall el al., Phys. Rev. Lett. B 475 (2000) 386;
Erratum, hep-ex/0210067; hep-ex/0210068.
CCFR/NuTeV, U.K.Yang et al., Phys.Rev.Lett. 87 (2001) 251802.

Theoretical studies e.g. by Miller, Brodsky, and Karliner,
in Phys. Lett. B 481, 245 (2000).

® HERMES(N/D) A HERMES(Kr/D)

W HERMES( *He/D) @ HERMES(N/D)
4 NMC(C/D) 3 HERMES(°He/D)
ﬁﬂggsfj;'f’ A NMC(C/D)

I 4
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M. Ericson and SK, hep-ph/0212001

® Nuclear modification of transverse-longitudinal ratio
does exist in medium and large x regions.
@ Mechanisms
(1) transverse nucleon motion
— T-L admixture of nucleon structure functions
(2) binding and Fermi-motion effects
1n the snectral function



Formalism (hep-ph/0212001)

'

eA cross section TS |13
Qe FAK

0‘ 5 L (Do) Win(p 29)

€

q d. P ax D any
W " (0 ane@=Wi (P an@ (g5 )F W (P ane @)

Pan
where f)MZpM—p'zq
q
Projection operators of W;* and W5'
A pv ’f)A ’f)Av ATAY 3,Iv)A i\j’Av
pr=—1 (g, 22 P, =— 2 _—ohe
2T ) Bag 5 )

soastohave P/ Wio=W.", P, WL=W,

Convolution: Wi (p.q) = / d*px S(pr) Win(Prsq)

S(px) = spectral function

Wh(paq) = f d'px S(py) P> Wi(proq)

Longitudinal and transverse components

Wi N=gh" ¢ WAN photon polarization vector g4

( TAWEL) =W

Wi =W (1+Q“N)W Wt

where vi=v?, vﬁ——(pN 9
pN



Formalism (continued)

Scaling variables
Q2 _ My Q2 X Q2 P~ -q

X, XNy —

2pAq M, 2pnq 2’ 2MyV’ My v

XA™

Structure functions F, and F,

Pan. " q

F @ = VP W, xang) === W
VPN

Longitudinal structure function F;

AN AN
=2 XAN Fi

AN
L

AN
2 XAN F1

Transverse-longitudinal ratio: R, =

Calculating sz — ] d*px S(py) 1/51“ ) WEV , We have

M
2. F= [d'pusooz 2 [ (14 pm)2><NF (xx, Q)

;’;i Fl(x, Q) |

Fi= [ s z [(1+pNi)F(N,Q)

I;M 2 Xy Fl (xn, Q )]

Transverse-longitudinal admixture

2—)2 2-)2
Pni _ 4 Xy Pxe 4 XN PNL

Bl Q(1+4xipi/Q) Q




NCSUILH

e Spectral function My i =M,-My—€)

S = 2] oG |* 8 (p&_ M+ VM +5N2) for 14N
e Transverselongitudinal ratio: R |y,
e F, (PDFs): MRST98-LO

0.4

0 ! T T T T T T T T
0 0.2 0.4 0.6 0.8 1
X
1.1
Q*=1GeV?
10 GeV?
. 1.09] 100 GeV?
s -
z ﬁ
ad 1 v; ===
"""" without L-T mixing
0.95 - . ' . - ' ' ' -
0 0.2 0.4 0.6 0.8 1



Summary on “the HERMES effect”

(1) After the HERMES (CCFR/NuTeV) re-analysis,
people tend to lose interest in the nuclear
effect on R.

However, we claim that nuclear modification
should exist in medium and large x regions.

(2) Physical origin
e transverse-longitudinal admixture due to
the transverse Fermi motion
e binding and Fermi motion effects
in the spectral function

(3) Need future experimental investigations
JLab, EIC, NuMI, v factory, ...



