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i

o, determination in Neutrino DIS

Neutrino—Nucleon Deep Inelastic Scattering provides very
precise methods of measuring

a. from SF Scaling Violations completely inclusive; free
of hadronization and jet definition uncertainties.

z F; purely non-singlet = «. determination independent
of gluon.

Non-perturhative effects ~ 1/Q° In contrast, e*e™ frag-
mentation function scaling violations ~ 1/Q).

x-section weak @@ dependence = less sensitivity to ex-
perimental resolution. In contrast, {7~ DIS x-section
~ 1/Q* — sensitive to resolution effects.

Also, a, from GLS Sum Rule = depends only on valence

distribution; theoretical framework to ~ az.
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CCFR sensitivity in o determination
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o CCFR «. determination from both scaling violations
and GLS Sum Rule

e CCFR data have small statistical and systematic er-
rors, thus providing the most precise determination of
«, from DIS.
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v-N DIS kinematics & cross sections

Tree-level dingram tor CC vV scarrenny.

nucleon Hadron
Shower

Vv = (p Q)/*M - Ej?mu - —\'fr

E..—-M

Q= —¢*= Ei..~E F#

ot R G3*ME, SiFN P+ (2Mzy/Q)? Mz
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dzdy 7 (1+ Q¥/MY) 2428 R 2E.
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Structure Functions with v's C'CFR Nulev
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CCFR v&v beam:
¢ Wide Band Beam, Simultaneous v&v

e Energy Range: 30 GeV to 500 GeV
CCFR Data Sampie (SF analvsisi %
X

Events 9.5 x 10° 1.7

Target Calorimeter:
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Toroid Spectrometer:
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a from F5 and xrFy scaling violations

Decompose SFs into singlet and non-singlet parts:
Fc'(lh Qz) = (]FL'VS(I: Q“) . bFESIi-\ 7 Q;} |

Relate FNS and FP1 to quark distributions (NLO):
N xS A
Fz’ SN{I'Q\ ) Cia asfx q\ fzq}
SI i . I 57! 2 L~
F '~ {eq™, CL o [ 77 figy C2 ol [ G i)

T

In pQCD the Q? evolution of (; and G governed by DGLAP
equations:

dq.\'s 1 NSV

dinion ~ios kP J
dq:;[ .1 > 4 L
dnp o kP = CReG
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g from SF scaling violations in practice

Use an iterarive Procednre
e Parameterize the x dependence of ¢*~. ¢°! G
e Start with a value of aat Q° = Q2.

e Compute SFs at Q7 = Q-
Use DGLAP and renormalization group equation to
get SFs over the whole r and @~ domain.

e Optimize the agreement in . (- between the mea-
sured and the computed SFs |

2
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CCFR ag from SE scaling violations

e Both F5 and zF3, and zF3 only fits
o NLO QCD evolution program from Duke and Owens

e Fit included target-mass. higher-twist, and R ocp
effects.

e Data cuts: Q% > 5 GeV2, W2 > 10 GeV?, and z <
0.7. Drop bins with statistical error > 50%

e Systematic errors studied by shifting F> and zF3 lo
and re-fitting.

PDF parameterization used:

i .3\ MY oA STk
rgvs Q= Avsr™l — o)

' 2. 3 . ) ) s NI
rgslz. Q= rgvsir. Qp ~ A1 — %

No constrains from;

1. Fermion Conservation: Sun Rule (presense of HO cor-
rections)

2 \Momentum Sum Ruie (2 range not (0,1))
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CCFR a; from SF scaling violations

Different methods:

1. Tests of pQCD

o pQCD prediction compared to SF slopes

e Error determined by SF's varied by 1o of each sys-
tematic

2. Fit assuming the validity of pQCD

e [ncorporate experimental svstematic uncertainties
as parameters of the QCD fit
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QCD fit compartson with di . AdliniQ Aana
dirFy)/d[Ini@Q"!
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CCFR Global Svstetiatic QCD ht

Use QCD ro connrrnin the svsrematie ineerralnries

1. Incorporate Systematic Uncertainties into the QCD

fit

2. x? fit to the theoretical prediction compared to data
in z and Q?

3. Systematics included introducing pa,ramenter O 1In the
fit:

Fd’iff — Fdata _ Fthem‘y 4y 6k(Fk . Fdata)
k
XQ — (Fdsz)vél(Fdsz)Tﬂ_%éz.

F — (I, zF3) and V = (oy;)

4. F* value of extracted SFs with kth systematic shifted
by 1o.

-
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Svstematic Uncertainties

Largest experimental contributions.

Systematic Shift | 6(Azrs)
Muon Energy 1% |32 MeV
Hadron Energy 1% (25 MeV
Hadron Energy shift | 150 MeV | 23 MeV

[f svstematics are included 1 the QCD fit:

Parameter Fit Results | Parameter | Fit Results
Asrs 337 £ 28 MeV | Ac 222+ 0.34
™ . 0.805 £ 0.009 | n¢ 4.65 £ 0.68
o 3.94 £0.03] 6 (CHp) 10.95 £ 0.42
Ans - 860+0.18|0(CHlp) 0.28+£027 ¢ =
Ag | 1.47 £0.04[6(C,) 021 £0.18
ns 7.67+0.13|6(s7/c”) 0.04£0.50 °
~—) Awni{A Og S OBt
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CCER ~Global Svstetane™ QCD fir Results

AL = 337 & o%(star. + syst.) &+ 13(HT) Mel

(x*/DOF = 157/164)
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o from the Gross-Llewellyn-Smith Sum Rule

With Higher-Order pQCD corrections, GLS integral is

[ cFy(z Q2) = 3(1=2 _a(n) (22 2—b(ns) (2 -AHT

™ s (i

for Q* =3GeV: ax~33. bx

AHT = Higher Twist Corrections { {%u

Re® Braun & Wolesnichenko, Nuel Phys B283 DA+

GLS Sum RuleiQ?) = a. Q" — o, A\VES
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xF3 vs r at low Q-

N
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o Use other v—N DIS data - WA39, WA23 SKAT £ VAL-ELS0,
BEBC. together with the CCFR data.

o Data fit to power-law for o < 0.1 and for r > 0.5

e [ntevrate using the fit for » < 0.02 and r > 1.5
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Summaryv ot Errors and Results

e Statistical Uncertainty - 0.005
e Experimental Systematics : 0.008

o Low r acceptance Model error : 0.008 (Preliminary)

e Renormalization Scale - 0.001

e Higher Twist : 0.003

W F T GLS Integral Predicted for Fit Resul
-g : 1 6{Higher Twist)
5o~ -
3 = - -
£ =z - IR

A i
2'52_ - /? e

r /"

b = Stot. Errors oniy
_ Slat. +Syst. Errors
1 10

0*(GeV’)

AMZ? =01 1127000 star )0 w;sf i == 0.008( Model 710

AR

. f
PCLZ{‘W ‘™ 'y
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Suminary

4 : . .
° \Eu)s determined from QCD fit incliuding system-

atlc error matrix

l%\lo — 337 = 2 stat. + syst )+ VIHT)

which corresponds to

(’UZ) 0.119 £ 0.002(exrp.) £ 0.004 T heory)

This is one of the most precise measurements of o
e NNLO «, has been determined from GLS sum rule

_ Y - A : y
i MZ1 = 0.11270 0 Licombined.

Pf C&M‘l V\Ohff

o [lnprovenments expecred from Nuled

— Sign-Selected beam = mcrease v statistics and
eliminate v 7 confusion at low-x

— Contmuous test beam = better determination of
Ey and E, calibration and resolution including
time variatlons
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Kinemaric reglon aceessinic “o fgi srarisries DIS exper-
ments

Qz, Ge\/2
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Hivher-Twist Effecrs
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Q> Q*
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QOF TIITI T TT[T T[T T T [TT T T[T T TITTTTT T 20
a o F, measured (SLAC/BCDMS data, Virchaux/Milsziajn) ]
% |sp xF, measured (CCFR data, Sidorov) /1 s
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: 05k 305
" i
o 4 -
2 00} ] 0.0
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e D5 from Fy: lower o, than CCFR, zF3 D5 used pre-
vious CCFR SFs

e Central fit value with %x calculation. HT error using
0 and full contribution.
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Comparison of CCFR F) logartthmic Q? slopes with

charged-lepton scattering results

e Correct charged-lepton F, for quark-charge and nu-
clear effects

e Fit F, to a power law form: F» = A x (Q*)¢
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