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BodekeYang Model

scribe DIS cross section in all Q’ regions
Challengesin e/u-N b8

ved with a DIS contribution

ntribution to low Q2 region from high Q2
ive QCD effects

» A model in terms of quark-parton
model (easy to convert e/u
scattering to v scattering)

v Understanding of high x PDFs at low Q2?
wealthy SLAC, JLAB data.

v Understanding of resonance scattering in
terms of quark-parton model?

(duality works, many studies by JLAB)




SOISATOIIPIEVIOUS QCD studies
NLO & NNLO analyses with DIS " PRL 82, 2467 (1999),

bed (duality works).

e approach to build the model:

2202 2Q? = [Q* + M2 — M,?

Q*(1+ 1+ 4M222/Q?) +1/(Q2 + M2 — M;2)2 + 4Q2(M2 + P}).
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Studies of higher twist and higher order effects in NLO
and NNLO QCD analysis of lepton-nucleon scattering
dataon F>, and R = o /o1

U.K. Yang & A. Bodek

The European Physical Journal C - Particles and Fields 13, 241-245 (2000) | Cite this article
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Parton Distributions, d /u, and Higher Twist Effects at High «

SLAC 20<Q®<31

U. K. Yang and A. Bodek

MRS(R2) mod(theory) Phys. Rev. Lett. 82, 2467 — Published 22 March 1999

CTEQ4M mod
CTEQ4M Toy

F2 /F2PQCD

> \lery high x and low Q2 data is
well described by the
pPQCD+TM+HT

» Extraction of the high x PDF is
promising (1999 )

F2/F2(pQCD+TM)

u at Q = 3.18 GeV

—— MRS(R2) mod [ Empirical HT(x) ]

Ratio to CTEQ6

pQCD+TM+HT
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VIBEEIREIEBITING Cross sections

mf=M*
(final state)

O)

Use effective LO PDFs with a new SCaliiSas
target mass, higher twist, miSSings

Qz » SW _ Q2 + 5
B (MV[1+(140° 1 vP)] + A4}

ors for photo production limit

R0



1. Start with GRV98 LO (Q2,,i,=0.80)
2. Replace x,; with a new scaling, =

3. Multiply all PDFs by K factors for
photo prod. limit and higher twist

[ o(y)= 4ma,/Q2 * Fy(x, Q2) ]
Ksea = Q?/[Q*+Csea]
Kval = [1- G, %2 (Q?) ]
*[@*+Cy, ] / [Q*+C,y)]
motivated by Adler Sum rule

where G2 (Q?%) = 1/[1+Q%/0.71] *
4. Freeze the evolution at Q2= Q2,,
- F5(x, Q% < 0.8) = K(Q?) * F,(Ew, Q?=0.8)
5. Fit all DIS F,(p/D) data: with W>2 GeV

SLAC/BCDMS/NMC/HERA data




Pradicelons
TOr Rasonznes.

GRV9BLO V6

Pnoto-oroducilon ey |

E=3.2 GeV
theta=27
0.8<Q2<1.6

1
104
Pbeam (GeV)

; | Photo-production (P)
0.2<QR<0.6 L

I I
02 0.4
X

T T

E=4.0 GeV
theta=30
1.6<Q2<2.7

E=4.0 GeV
theta=48

Deuteron
. GRV98LO V6
2.6<Q2<4.3

1.0 2.0 50 100 20.0
Pbeam (GeV)

F2(d) resonance Photo-production (d)
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EIARESUISIONNDIS F.(p/D) data

1 1
5.010.0  50.000.0 5.010.0  50.000.0 5.0100  50.000.0 50100  50.000.0

» Excellent Fitting:

* red solid line: effective LO using Ew
* black dashed line: Xp;




[FOWHHEIERAYaNAd NMC data

NMC [Proton target]

o’é x=0.0045 [F2+1.5]

x=0.008 [F2+1.4]
/ x=0.0125 [F2+1.3]
/(((ﬁ x=0.0175 [F2+1.2]
x=0.025 [F2+1.1]

& x=0.035 [F2+1]

M" (X005 [F2+0.9]
M X=0.07 [F2+0.8]
W—"-" x=0.09 [F2+0.7]

M x=0.1 [F2+0.61
3 o oggutbeedo x=0.14 [F2+0.5]

S pogoedoeedsd x_0.18 (F2+0.4]
¢ovtorRoneoo x-0.225F240.3]
eetloleonan.  x 0275 F240.2

w x=0.35 [F2+0.11
#ena0ncan 40520

H1 [Proton target]

x=0,00013 [F2+7.2
o x=0.0002 [F2+6.9

w,n" 00064 356}
x=0.0008 [F2+5.4]
x=0.0013 [F2+5.1]
x=0.002 [F2+4.5]
‘#‘y,b x=0.0032 [F2+3.9]
M x=0.005 [F2+3]
OM x=0.008 [F2+2.4]
,..MM x=0.013 [F2+2.1]
x=0.02 [F2+1.8]
x=0.032 [F2+1.5]
x=0.05 [F2+1.2]
x=0.08 [F2+0.9]

x=0.13 [F2+0.6]
8 x=0.2 [F2+0.3]

9
8
7
6
5
4
3
2

10 10°

> Fit works at low x
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>

>

Additional K"V factor
for valence quarks:

Kval = K'W*[1- G, 2 (Q?) ]
* [Q2+C2V]/ [Q2+Clv]

KW = (v2+CV)/v?

This makes a duality work
all the way down to Q2=0
(for charged leptons)

Photo-production data
with v(Pbeam)>1 GeV
included in the fitting

Proton

Cnu(u): o0.218

— — Cnu=0

0.5 1.0 5.0 10.0 §0.0100.0
Pbeam (GeV)

Deuteron
Cnu(u)= o0.218

Cnu=0

1.0 2.0 5.0 10.0
Pbeam (GeV)



EIRSAERESHIaNCE data

020 030

0.0
01 02 03 04 05 06 07
X

R
F =F(+4M*x*/ 0*)——
=5 0 )(1+R)

> Predictions are in good agreement (not included In
duality works

> F_ was calculated using F2 and R 44 13



)IS and resonance
ta (Q2=0 limit):

ering data

fect through Ew slow rescaling
and xF,

Submitted to EPJC (2022), arXiv:2108.09240
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> Scaling variable, Ew absorbs
higher order effect for F,
but the higher order effects
for F, and xF; are not the
same

» Use NLO QCD to get double
ratio 2! E

NLO/LO: xFy/F, with TR-VFS

Parameterization

not 1 but almost indep. of Q?

»> Enhance anti-neutrino cross
section by 3%




Strcture Functions

Nzl VaceorS
a are same,

QZ +O.1Caxial
— val
l .
va Q2 + Caxzal

axial

2 2 axial
Kvector _ Q — Kaxial _ Q +0'55Csea
sea Q2 n C sea QZ + C:(Zal

val

where C** =0.75, C*"" =0.18
ion from PCAC by Kulagin,
F, extrapolation to (Q?=0)

ent of F,®@ at low Q%: mostly longitudinal

axial __ vector
2xF =2xF




EOIMPaESORMWIHIKsEERYEe), CHORUS (Pb) data

«Solid line:theory (type 1)/(type Il)

7
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EOTMPRHSERMVIHINEEER(ES) P CHORUS (Pb) data
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liotalichessisections
p ey areeedll > BY(DIS, W>1.4)

—— World Average = 0.675 (30-50 GeV)

=
N
|

=
o

+ Q.E. + Resonance

o
©

—— Type |l + Q.E. + Res = 0.467 (30-50 GeV)
—— Type ll + Q.E. + Res = 0.480 (30-50 GeV)
—— World Average = 0.487 (30-50 GeV)

0/E(10738cm?/GeV)
o
(o)}

| 2‘0 | | 3‘0 |
E[GeV]

—— Type |l + Q.E. + Res = 0.308 (30-50 GeV)
—— Type Il + Q.E. + Res = 0.324 (30-50 GeV)
—— World Average = 0.329 (30-50 GeV)

)
:




BY Effective LO model with Ew describe all e/u DIS and
resonance data as well as photo-production data (down to
Q?=0): provide a good reference for vector SF for neutrino
Cross section

do/dxdy data favor updated BY(DIS) type Il model

BY(DIS) type Il model (low Q?: axial>vector) provide a good
reference for neutrino cross sections. Low energy neutrino
experiments can normalize their data to our model to
extract their flux

Model also works well down to W=1.4 GeV, thus providing
overlap with resonance models

Future improvement: use very high-x data (nCTEQ effort)

20



- — NLO (CTEQ4M)
NLO (MRSR2)
NMC (1996)

e CDHSW
— —MRS(R2)

with nuclear corr

PRL 82, 2467 (1999)

Solid data points : JLab MARATHON

Dotted black curve : Tropiano et al.
Long-dashed red band : Segarra et al.

Short-dashed green band : Accardi et al. ‘_ PRL 128, 132003
05 . : (2021)

Bjofken X
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> D\ rule should be valid at all values of Q2

|Fv(Q%)|* + / Wirector (v, Q%) dv |Fa(Q%))* + f Woltm (v, Q*)dv

- [ @ =1 / Wizl (v, @) dv = 1

2p—sc

rOR

~ Vector =
== = =Declta
- Axial Total
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=== S| AC nudear density Fit
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D/(n+P)
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=

e
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F2(X) / FAD)
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e SLACES7Fe/D
m SLACEI39FeD
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S=RRLLIRELANRALLYNRA)

4 Jizb Rescnance AufFe & SLAC EIZS,EL40 AufFe
A NMC POfFe =s—photcproductcn Pb/Cu
1.1

(Au,Pb)/Fe
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Lead/Fe
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