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MASS CORRECTIONS AND NEUTRINO DIS� ��Stefan KretzerMi
higan State University, East Lansing, MI 48824, USA(Re
eived July 7, 2002)In
luding the e�e
ts of the O(& 1 GeV) masses of the 
harm quark, �lepton and target nu
leon in DIS phenomenology is dis
ussed with appli-
ations to CC neutrino DIS: Neutrino data for F2 are revisited within theglobal analysis framework. A fully di�erential 
al
ulation re�nes the CC
harm produ
tion pro
ess as a gate to extra
t fs(x); �s(x)g. New results arepresented for a �heavy quark� version of the CTEQ6 set of PDFs and for(�� ! �� os
illation-signal) � neutrino 
ross se
tions.PACS numbers: 13.15.+g 1. Introdu
tionThis 
ontribution to the pro
eedings gives an overview of some re
entresults for deep inelasti
 s
attering mainly with neutrino beams intera
tingthrough 
harged 
urrents. Neutrino data are an important 
omponent ofPDF analyses be
ause the weak 
urrents single out quark �avour 
ombi-nations di�erent from those probed by the ele
tromagneti
 
urrent; e.g. a
harmed parti
le dete
ted in the �nal state singles out the strange sea. Evenmore, armed with a well-tested QCD 
al
ulation of neutrino 
ross-se
tions,event rates 
an be related to neutrino �uxes (or absen
e of events to upperlimits) in 
ases where the neutrino �ux is unknown or its �avour 
ompositionis expe
ted to os
illate, e.g. between �� and �� .2. Probing QCD using neutrino experiments2.1. Charm mass e�e
ts and neutrino data in global parton analysesA satisfying 
on
iliation of neutrino and 
harged lepton stru
ture fun
-tions at modestly low-x � 10�2 � addressed before in terms of the naive� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.�� Collaborations with D. Mason, F. Olness, M.H. Reno and W.-K. Tung. Work sup-ported by the National S
ien
e Foundation under Grant PHY-0070443.(2953)



2954 S. Kretzerparton model as a violation of the approximate �5/18-rule� � has beena problem for a while. Charm produ
tion e�e
ts and 
harm mass depen-den
e in the neutrino data have proven important and a �physi
s modelindependent� analysis [1℄ has improved the situation over previous 
ompar-isons whi
h 
orre
ted for 
harm in a physi
s model dependent way. But
omparing data sets for di�erent hard pro
esses for mutual 
ompatibilityne
essarily requires the data to be 
ompared to a 
ommon underlying theo-reti
al model. A global pQCD analysis of hard s
attering data provides themost appropriate framework for this 
omparison. Fig. 1 shows preliminary
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3 4 5 6 7 8 9 10Fig. 1. Top: The relative e�e
t of in
luding DIS 
harm threshold e�e
ts in a4-�avour ACOT(�) global PDF analysis. Bottom: CTEQ6HQ PDF results 
om-pared with CCFR physi
s model independent low-x stru
ture fun
tions.
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tions and Neutrino DIS 2955results of su
h a study [2℄ whi
h is an extension of [3℄. The PDFs in [3℄ wereobtained setting m
 = 0 in the hard 
ross se
tions at 
ollider energies. Here,the DIS 
harm threshold was taken into a

ount and m
 = 1:3 GeV was em-ployed with the 
ross se
tions in [4℄. The results in Fig. 1 are derived froma (simpli�ed-) ACOT (�) pres
ription whi
h � as explained in the se
ondRef. of [4℄ � uses a slow res
aling variable � to obey the threshold 
ondi-tion W > 2m
; results for a PDF set in the �xed �avour s
heme are alsounderway [2℄. The top plot of Fig. 1 quanti�es the amount of 
hange in thePDFs that 
ompensates for introdu
ing the 
harm threshold in the DIS hards
attering 
ross-se
tions. This systemati
 shift 
an be larger than the statis-ti
al un
ertainties in the PDFs [3℄. In the bottom plot of Fig. 1 one observesthat the agreement with the �physi
s model independent� neutrino stru
turefun
tions is not fully satisfa
tory at low-x. Compare, however, with RobertBernstein's presentation at this 
onferen
e of preliminary NuTeV stru
turefun
tions [5℄. The tenden
y seems to be that these preliminary results 
om-pare more favourably with the NLO PDF predi
tions at low-x. Apart fromm
, there is no room here to dis
uss further theoreti
al fa
tors in the evalu-ation of neutrino stru
ture fun
tions and the reader is referred to [6℄ and tothe literature quoted therein. As it stands now, the published F �2 in Fig. 1and �xF �3 as analyzed in [6℄ 
annot be des
ribed fully satisfyingly withinperturbative QCD.
2.2. Di�erential distributions for 
harm in neutrino-produ
tionThe strange sea density s(x; �2) is the least well determined of the quarkPDFs [6℄. Interest in s(x; �2) was revived re
ently also from the fa
t that theanomaly in the NuTeV measurement of the Weinberg angle may depend onintrinsi
 juuds�si �u
tuations generating (s� �s)(x; �2) 6= 0 [7℄. Global QCD�ts have previously employed the integrated strangeness suppression fa
tor� = R dxx(s + �s)= R dxx(�u + �d) to 
onstrain s(x; �2). More detailed infor-mation 
an be expe
ted from analyzing CC neutrino-produ
tion of 
harm(W+s ! 
) at full di�erential level in
luding all NLO diagrams. As in theNC 
ase, theory needs to provide di�erential information be
ause of dete
tornon-isotropy and experimental 
uts.Fig. 2 shows a re
ent 
al
ulation [8℄ for typi
al �xed target kinemati
s.A FORTRAN 
ode DISCO has been made available and was interfa
ed with theNuTeV dete
tor Monte Carlo. It should soon be possible to �x the size ofs(x; �2) at NLO and settle the question whether (s� �s)(x; �2) is of relevantsize.
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Fig. 2. Binned di�erential distribution for CC neutrino-produ
tion of 
harm on anisos
alar target: E� = 80 GeV, x = 0:1, Q2 = 10 GeV2.3. Probing neutrino os
illations using QCDResults from the SuperKamiokande underground experiment measuringthe atmospheri
 neutrino �ux suggest that � neutrinos os
illate into � neu-trinos with nearly maximal mixing [9℄. A test of the os
illation hypothesis is�� produ
tion of � through 
harged 
urrent intera
tions, a pro
ess whi
h willbe studied in underground neutrino teles
opes as well as long-baseline exper-iments measuring neutrino �uxes from a

elerator sour
es. In the followingthe deep-inelasti
 
ontribution to ��N ! �X is presented in
orporatingNLO QCD 
orre
tions, target mass, � mass and 
harmed quark mass 
or-re
tions. Future work will 
ombine DIS with elasti
 and resonant neutrino-produ
tion 
hannels. The 
harged 
urrent �� (anti-)neutrino di�erential
ross se
tion is represented by a standard set of 5 stru
ture fun
tions [10℄:d2��(��)dx dy = G2FMNE��(1 +Q2=M2W )2 �(y2x+ m2�y2E�MN )FW�1+ �(1� m2�4E2� )� (1 + MNx2E� )y�FW�2� �xy(1� y2 )� m2�y4E�MN �FW�3+ m2� (m2� +Q2)4E2�M2Nx FW�4 � m2�E�MN FW�5 � : (1)



Mass Corre
tions and Neutrino DIS 2957F4 and F5 are ignored in � neutrino intera
tions be
ause of a suppressionfa
tor depending on the square of the 
harged lepton mass (m`) divided bythe nu
leon mass times neutrino energy, m2̀=(MNE�). At LO, in the limitof massless quarks and target hadrons, F4 and F5 areF4 = 0 ; (2)2xF5 = F2 ; (3)where x is the Bjorken-x variable. These generalizations of the Callan�Gross relation F2 = 2xF1 are 
alled the Albright�Jarlskog relations. As withthe Callan�Gross relations, the Albright�Jarlskog relations are violated byNLO1 QCD and kinemati
 mass 
orre
tions. Fig. 3 quanti�es the violationof Eq. (2) and 
ompares �� and �� DIS intera
tions with and without
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tions. Right: Crossse
tions for in
lusive neutrino- [�CC(�N)℄ and anti-neutrino [�CC(��N)℄ produ
tionon an isos
alar target.1 Ref. [11℄ �nds that Eq. (3) is not violated at NLO in massless QCD.
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uts. The e�e
t of these imposed 
uts is mu
h less pronoun
ed for�� DIS where m� a
ts as a physi
al 
ut-o� of non-DIS intera
tion. It maysurprise how slowly �CC(��N) approa
hes �CC(��N) from below at very highneutrino energies indi
ating a persistent � threshold e�e
t. About half of theredu
tion at high energies is a
tually of dynami
 origin, to be attributed toa negative F5 
ontribution to (1), where around e.g. 1 TeV the m2�=E�MNsuppression is neutralized to some extent by a low-x enhan
ement; notethat F5 is the only stru
ture fun
tion the 
ontribution of whi
h to d� riseslike q(x) and not xq(x). The net e�e
t is that the remaining thresholdsuppression is seemingly doubled.REFERENCES[1℄ U.K. Yang et al., [CCFR/NuTeV Collab.℄, Phys. Rev. Lett. 86, 2742 (2001).[2℄ S. Kretzer, W.-K. Tung et al., in preparation.[3℄ J. Pumplin, D.R. Stump, J. Huston, H.L. Lai, P. Nadolsky, W.K. Tung,hep-ph/0201195; and W.-K. Tung's, A
ta Phys. Pol. B33, 2933 (2002).[4℄ S. Kretzer, I. S
hienbein, Phys. Rev. D58, 094035 (1998); W.-K. Tung,S. Kretzer, C. S
hmidt, J. Phys. G28, 983 (2002); M. Kramer, F.I. Ol-ness, D.E. Soper, Phys. Rev. D62, 096007 (2000); E. Laenen, S. Riemersma,J. Smith, W.L. van Neerven, Nu
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