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Outline

Structure Functions at the Precision Frontier
Photon content of nucleon and nuclei
Charged-current structure functions
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Outline

Structure Functions at the Precision Frontier
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Deep Inelastic Scattering: Kinematics

/
k
In the nucleon's rest frame
k o V= ﬂ = E — E': lepton’s energy loss
9 ° 2:— = 2(EE' — - ¥')—m2 — m2 ~ 2EE'(1 — cos 6):
frtualty ( ansfer)
photon virtuality (momentum transfer
P M W Qo .
@ = 5%—: Bjorken z, parton momentum fraction at the LO
e aMv- Pl P
2O FECHO  tuso e y= g'—}; =1 —': inelasticity, lepton’s energy loss fraction
o e :
O H Ena o W2=(P+q)?= M2+2Mv— Q?: squared mass of the X
F B e system

m
2]
e
>
o

o s=(k+P)?= %2 + M2 +m?: center-of-mass energy square
DIS conditions:

o Deep: Q%> M?

o Inelastic: W2 > M? with a lower bound (M + my)?

4/81


https://protect.checkpoint.com/v2/___https://arxiv.org/abs/2007.14491___.YzJ1OnN0b255YnJvb2s6YzpnOjhhM2RmZTU0ODYzYjlkMDE0ODYwOTJmNTRhMGI3MDQ4OjY6YWY2Nzo0MjQ0MzNmODNlNDkzMWIzNGY5ZGYwNDBjYTVlY2JlMzkwMjllMWZlNmYzMTQ2NWE1NmQ1MWY5OTZiOGMyMzJhOnA6VDpO

DIS cross section and Structure Functions
Schematically

, 2

dO' ~ Z k q ~ L}LV W,LlV
X\ pum
o LMV Leptonic tensor, calculable with the electroweak interaction

e W,y Hadronic tensor, constrained by Lorentz invariance
Cross section

d’>c’  4ma? i z2y? M? , , y? .
= 1—y—2L = )i y22F7 A P

0z dy a:y@?”{< T ) 2+“ﬁ<y 2)“}
N——

Leptonic

Hadronic
@ Neutral Current: nNC =1 for unpolarized et,

Z
FYC = FY — (g% £ 295) nyz F3” + (95 +95° £ 249795 ) 2 Ff

2FNC = — (95 £ A9y ) My oFY” + 20595 £ 2 (952 + 95%) | mz abf
o Charged Current: n°€ = (14+1)>?

CcC w CcC w
1 F2 :FQ B xF3 :$F3
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Quark-Parton model

Bjorken Scaling: In the Bjorken limit Q2,v — oo, Fy(z, Q?) — F;(x)

@ Neutral Current
A _
[P R R | =Y (€2, 26008, (9902 +(9)?) (a+0),
q

Z _
LR B =Y [0, 2495, 29% 98] (a— ),
q

@ Charged Current
F2W7 =2z (u—i—&—i—é—&—c...),

Fy 7:2(u—d—§—|—c...),

o Callan-Gross relation: Fi = 2zF}.
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Scaling violation and QCD (Improved Parton Model)
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@ Factorization of the Structure Functions
F=Y Ciofi+0(M*/Q%),

7

0®f:/:%c<y)f(§).

@ DGLAP evolution: )
afi ~ O‘S(” )

dlnu? 2n
o DIS scale: u? ~ @?
e Also: Fp, = Fy—2xF; #0.

);,(Pij ®f),
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Heavy Flavor Structure Functions

Inclusive structure functions: F'=Y,_; ; F;

Fixed-flavor-number (FFN) scheme vs Zero-mass (ZM) scheme

°
o Heavy-flavor SFs (e.g., Fj—c ) can be directly measured: HERA, EMC
°
°

Heavy-quark mass and resummation (heavy-flavor PDF)

F2(x,Q)

3-flavor O (a.2)

{0
NLO /4‘6—: X

QZ

FL(x,Q)

4-flavor O (a)

NLO

Q2
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General-mass variable-flavor-number (GM-VFN) scheme
- '|/1/I;Iavor Excitation (FE) v Subtraction (Sub) Flavor Creation (FC)
C

sz
* fl/]fl/«w c

/¢ ) & . " j-h—-:—'_:

___,..--®: X(e) ,,/«.: X /.g@: X

Fi(z,Q) = fh(x,m—as(u)ln(u)
—

FE

Subtraction FC

o Composite scheme: FFN (3f) + ZM (4f)
@ The double-counting between FC and FE is subtracted out

{ through an asymptotic term
wansition o when @ 2 2mg, FE~Sub, FC remain— 3-flavor (FFN)

port o when Q> 2mg, FC~Sub, FE remain— 4-flavor (ZM)

FS(x.Q)

3 flavor
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The ACOT scheme series

® 6 o o

Aivazis-Collins-Olness-Tung [roisss introduce an asymptotic subtraction term

Sub = o5 (1) In (“) /xl %Phg (%) g(z,u) @°,

mMh

fh(z-ﬂ>
sharing the same Wilson coefficient as FE @°.
Simplified-ACOT scheme . coliins PRD1998, M. Kramer et al., PRD2000] treats heavy-quark as massless in Flavor
Excitation. Warning: instability in the cancellation between SB and FE around the switching point.

The S-ACOT-y scheme w. ung et al. ouo2ery introduces rescaling variable y = z(1 +4m?Q/Q2) to capture
the mass threshold effect.

It stabilizes the perturbative convergence near the switching point by enforcing energy-momentum
conservation in all scattering contributions.

It is extended to the NNLO . cuzi, 110851121, and adopted in the CTEQ-TEA (CT) PDF global fitting.
The S—ACOT—mT scheme [I. Helenius et al., 1804.03557]

The S-ACOT-MPS [ xic et ol 2108.037411 sScheme extends the S-ACOT-) method to hadron-hadron collisions
We also introduces a subtraction PDF fh(x,u) to simplify the calculation, up to NLO k. xie et al., 241003876).
The NNLO is under development.
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Flavor decomposition

o Light singlet and non-singlet

=Y (gi+a), e =Y (6~ @), a5 = (£ %)~ (4 £3)-
7

7
with the DGLAP equation (L = logu?)

d |4 14 14
aqj;:Pé(@q%, EQns:Pns(@qns

0)-(: 400
dL \g Pyq Pyg 9)
@ Flavor SU(Ny) decomposition of heavy-flavor structure functions

Frn=Y Chi®fi=Chhns®f*+ Chi®@L+ Chg®f,
7

o Heavy-flavor non-singlet: f;"* = f, + f;, where h is the (Ny +1)-th flavor
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Subtraction up to NNLO . e 10ssuz

° Single and double masses
° NLO i LS

’\’\/\_ : E hi
A /é;<>;>\ "l
©) £999% 1;2

(1)
Chh Fig % b _._b
<L C
\_9993
) (1) (0)
b Apg * Chi x=0.01 x=0.01
025 0.05,
§-ACOT-y NNLO _— = -
- -~ -
] N N LO 020l T FFNS Ni=3 NNLO 004 P -

. X S-ACOT-y NNLO =~ -
— — - ZMNNLO /
,,,,,,, FFNS Ni=3 NNLO S
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The flavor classes up to N3LO s

) FCq

= [ T

FCO2 (C) F011 FCQ
Flavor class FC, FCy; FCos FCj FCY{,
Flavor factor fla flin flo2 f13 S8
Flavor structure | Q2 QTrQ ITrQ? TrQ? (TrQ)?
Non-Singlet 1 3(e) 0 - -
Singlet X 1 (e)2/(e?) 1 1 (e)2/(e?)
where the charge operator in the flavor basis is
Q:diag(—%,%,—%,...), TrQ:Zei:Nfe, TrQ? = Ze = N¢(e
i

(e) Fcu
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The heavy-flavor-mass dependence types s «x. thesen

. - 3 3
@ Massless Wislon coefficients are calculated: c(L> [o411112], cé L
Ny Ny Ny Ny, - Ny Ni; Ni; PQY
2 ~FCy + 2 ~FCo2  + 2 2 - FC11 + ) 11
Zej C(mj) 45 » Z Zez O(mi,mj) 4; Z € C(ml) g, Z Z €L €j C(mj.,mk) 4a; » Z €k € C(m“mk)g
J v ) % 7k i,k
/‘/Zﬂ : mt

boo 1 o
¥ 7O000Y, 0

i
|
T
|
|
T m2

N —
/o
(h) FCa, T3
: m1 \TTJ : m1 \TTJ 7/2/‘ :
é : g 0000000 " \‘ )'m@'@m 9& \‘
5 Lo \\ - \\ I m2
S — =W l S o l
§ 8§ 8§
(k) ch, T1 (|) ch7 TQ (m) ch7 T3 (n) FC!l’l’ T1 (O) FCi’h TQ
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The Intermediate-mass (IM) scheme up to N3LO

@ A improved rescaling variable {(A) to capture the mass effect in Wilson coefficients
4 x A=0

xTr = —t =

O @ T\ A=

: (3). .(3) 3) 3) 3)
° Non—smglet C"S . Cns,FCg,Tl + Nf Cn'_:,,FCg,TQ + ‘]\'ff2 cns,FCz,T?) +flnls Nf cns,FCH

. 3 3 3 3 3 3
o Pure-singlet CFES) = CE( ) _c®. Ny céS?Fcoszl + N]? c’()S?FCO%TQ + 15 Ny c;()s,)FCu

e Gluon 09(3): Ny cf})‘jcgjl + Nf2 cfb)ﬂcg,m + 11 Nf2 C,(]?FC{I
Flavor | Class | Type Y M Type Yemn
NS FCso T 2my T273 2mq +2meo
FCiq - 2my +2mo
PS FCo2 | Ti2 | 2m1+2mg
FCi1 - 2mq +2meo
Gl ch T 2my To3 | 2my+2mg
uon é
FC{, | Ti2 | 2mi+2mp
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Numerical scale dependence

U o
0 25? N . scale dependence, Q=2.0 GeV
;) 2; . __GMN2LOF,,
a Y : —— IMN2LO/F,,
X 0150 N - IMNLOF,,
= E
TR AN
0'1; B Q < uGM T <\/Q%+4m2
0.05F A"=0.3
0° 10¢ 10° 107 107
X

@ The GM give a very good convergence

@ The preferred scale u =

o
w

)
o

© v

N o1

x

Fy

0.15

o
—

0.05

=)

’ \ scale dependence, Q=2.0 GeV
AN — GMN2LOF,,
o — - IMN2LOF,,
R\
?\\ AN -- IM\N3LO/F,,
3 hed oM, LM <\ QP 4md
- A™=0.3
0° 10° 10° 102 10"

X
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The { and () dependence

Ql'zi rescaling variable 0'3;
0'1 8; \\ dependence, Q=2.0 GeV 0.25F  x-0.01
8'125 ‘o5 —— GMN2LOF, FoT -
— 2t — . GM,N2LOF = 028 ==
G 0.12- N - IMN2LOF,”" g :
X 0.4~ NN -+~ IMNBLOJF,, x 0.15F -~ FFNS Nf=3,N2LO
u0.08- AN x;(\)\z\‘x\\ ueM = q 0N 01 — GM,N2LO
0.06F > TTIEN0Y N T - IM,N3LO
0.04 S M =\ Q% +4m: E - IM,N3LO, u =1.36Q, 1=0.2
8 F 0.05¢
0.0g; X E | —= ZMN3LO, x 02
0% 10¢ 10° 102 107 ® 5 10 15 20 25 30
Q/GeV

@ The preferred rescaling variable A = 0.2
o The global analysis with the IM N3LO in the CTEQ-TEA framework will come soon!
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Other treatments in approximated N3LO

@ Alternative NNLO schemes: FONLL by NNPDF, and RT (Thorne) by MSHT

@ MSHT: heavy-flavor Wilson coefficients (2207.04739]
aahion-g2( @ = mi)el 2@/
Oitaa) =] *+ Oy tow-a(8:@* =) (L= 030 @Imd),
i pion-g2(%: @) @<

virtual heavy-flavor to light Wilson coefficients
C;P;,NS7(3)(I7Q2 5 oo) 1+670.5(Q2/mg)73.5),
)

Ci{Fé(?} _ C;g’PS’(g)(% 02 = o0) (1— 6—0‘25(Q2/m,%)—0‘3)7

CE B (2,2 5 w) (1 _ 6*0.05(Q2/m£)+0.35> .
@ NNPDF: threshold resummation [2402.1863)
hr a
Cz(gk)(xy m}QL/Qz) = Ci(i)’t (m,m%/Qz)fl(x) + CZ(?;C) sy(m,m}%/Qz)fQ(x)’

2 2
Q > my,
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Intrinsic Charm (IC) puzzle
@ The proton's intrinsic charm (valence-like) component: BHPS model |uudce) isroasey+ pievso, proen
@ Both EMC FQC [cT14ic, Hou, kx+, srep1s) and LHCb Z + ¢ pru22) data prefer an IC component

@ We analyzed various uncertainties and I1C models (z)pc = (4

8+6 3)

1073, while globally consistent

with a zero |C [crisrc, Hobbs, kx+, PLE23], contradlctory to NNPDF [nature22) (Unc [Nadolsky, KX+, PRD’ 23])
@ Precision measurement of Fy at EIC will help

CT18 nonperturbative charm fit Q= 1.27 GeV

0.020

0.015

0.005

\
o\ qp-t27Gev

CT18-BHPS3 - - -
CT18X-BHPS3
CT18-MBMC - -
CT18-MBME — - -

0.1 02 0304 05 0.6 0.7 0.8 0.9

X

4450
4425
4400
4375
4350
o 4325
4300
4275
4250
4225
4200

T T T T T T
- ctiex - - - { wmBMC ------
= CT18 41 MBME - — -
- BHPS3 - CT18NNLO K
CT1BNNLO /% 10 N MBMC a7 10 Fad ’ .
L o N e
e
B s b | N
| oTiexno N g T y R i i
| ‘ 4 [ .
] ) ] () 1 ]
0 0.005 0.01 0.015 0 0.005 0.01 0.015 0.02

X+

X+
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PDFs at small z

In 1/x

Y=

A [Kovchegov, 1911.02651]

non-perturbative region

2. -
Og ~ 1 Og <« 1

o CT18X takes a saturation model {Hou, kx+. PrD21]
@ CT18sx resum the In(1/z) with BFKL x+, epse2eg

Resolve the F'j, puzzle between H1 and ZEUS

1.0
g(@,Q = 2 GeV) /10, 68%CL
0.8
0.6
S
8
0.4
— T8
0-2F — crisx [KX-+, EPJP'24]
—— CT18sx
[)ﬂ),-, 10° 10° 107 10° 102 10T 100
.
0.5 : - ‘
N [KX+, SciPost'22]
\ NNLO 90% CL
~ 04 —CT18 SACOT-y
=z [CT18sxH1] —CTI8X SACOT-y
© 03 —CT18sx SACOT-y
2 ~—CT18 FONLL-C
Il e - s
S 02 CT18sx FONLL-C
Z
P s S
0.1
0.0— i - . .
1076 107 107 1073 102 10!

x
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The F; puzzle

H1 and ZEUS H1 and ZEUS

F
04—

A
% €

A ZEUS 05—
0.2

[ HERAPDFLSNNLO [0 ABM12 NNLO

B crionNLo [ NNPDF23 NNLO B HERAPDFLS NNLOy =070N5 =225 GeV
-0.2 - HERAPDF1.5 NNLO y = 0.40,Js = 225 GeV
- MSTWO8 NNLO JROINNLO - HERAPDF1.5 NNLO y = 0.85,\/s = 252 GeV
1 10 10? 10° 1 10 10? 10°
Q*[GeV?| Q’[GeV?
[EPJC 2014] RZFL/(FQ—FL)%O'L/O'T [PRD 2014]

@ H1 and ZEUS do not fully agree with each other in the F;, measurement.

@ H1 gives enhanced F, which is preferred by small-z resummation 171005035 1302 00064
@ ZEUS gives an opposite pull, preferred by z-scale description.

@ It awaits to be resolved by the future precision measurements < EIC
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Outline

Photon content of nucleon and nuclei
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The LUXged method i press. smern

Y

\¢

1)

o~ L'“VH/LI/ ~ F2,L & ~ fn,a'}%()) +ay; (5'}(7) 4+ .-

The master formula: Photon PDF can be determined in terms of structure functions

i Lo S e (08|t + 2 )£, 02)

zfy(x,
fi( ll 2m2/(1-2) 02

27ra

- zQFL(g, QZ)l — OC(,LLQ)ZQFQ(g,[JQ) } +0(o?, aots)
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Perturbative vs non-perturbative structure functions

1ol High @* continuum region (pQCD CT18NNLO) Lol High Qz continuum (pQCD) /
5F
. Low @Q* continuum region . ) )
> (HERMES GD-11P) “% Low @ continuum =
o | 1 © 10% (HERMES GD-11P/D) =4
‘S 050 z = : =
I as[CP) %
-2 ce &C’b ot
2 X 2
0.10F Proton 20 10 e Neutron %
0.05 : : oo e
0.05 0.10 0.50 1 10! 100
X x

@ In the resonance region W2 =m?2+ Q(1/z—1) < W;2 =3 GeV?, the structure functions are taken
from CLAS (01204 OF Chl’iSty—BOSted (o712.3731] fits.

o In the low-Q? continuum region W2 > W% =4 GeV?, the HERMES GD11-P piss0q fits with ALLM
pLewooy) functional form.

@ In the high-Q? region (Q? > Q3py), Fo 1, are determined through pQCD.

@ The elastic form factors are taken from Al psor.e2n or Ye pror.osoes fits of world data. .



Elastic form factors
e Dipole form Gp =1/(1+ Q?/A?)? vs. world fits (Al and Ye)

@ The derived structure functions (es01360]

2
GE+1Gh [Ge (Q%)]
2 E M 2
Fs (w,Q ) =—=—*5(1-2), Fr, (:c, Q ) =——=9(1—-2)
1+7 T
Q2
where 7= W and GM(O) = ,U,p ~ 2.793.
@ Neutron elastic form factors can be extracted from deuterium and/or helium
10° T T 10° ; T
F —A1 fit pol. F — Al fit (with pol.)
L —A1 fit unpol. — Al fit (no pol.)
1071 —Ye et al. . —Ye et al.
E —dipole < 107 —dipole E
o ~ = F
> —~ <
s 107%F B %
1072 E
107 \ E
\ ~
u
. \
10,,1 L L L | o 10_3 L L L L
0 2 4 6 8 10 0 2 4 6 8 10
Q* [GeV?] Q* [GeV?)
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Elastic photon PDF

1 o 402 z2m? 2(1-12)G% (Q?
Ifyel(%lﬂ): /2 ) Q aQ(QQ) 1— P ( ) E(Q)
271'06(”2) zlzp Q2 QQ(I—.’E) 1+7
20?m2\ G2, (Q) 7
221+ L)X
+ SRR 1+1
1 . . T T
102\ p=13Gv —Gep+Gy
] 1077 —neutron —Ggp
---proton —Gy

| R —MSHT20qed ]
E o 3
F 206
L= u=100 GeV |\ | ]
107 & 0.4 e
o 02 —Gyr
10 (? - e —Dipole .
F 107 107* 107% 1072 107" 10° \
10-7 AT BT R TTT B TTT R N '
1075 1074 1073 1072 107! 10° 1.0

X
@ The proton electric (magnetic) form factor dominates at low (high) =

@ The neutron’s elastic photon is small and mainly from magnetic form factor (zero electric charge)
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Low-energy SFs: CLAS wouwu/CB wsm

Fy(x, Q)
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1 and Hermes [1103.5704]
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RL / T — GL / GT [E143, 9808028; JLab, 0410027]
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Inelastic photon: non-perturbative

Proton KX PRD22]

e R ——
[ —Al pol unc. —HT

| L.od — Al unpol.  — Q¥pp I
£ —CB MHO
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< Ryr TMC
Z
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O
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é 0 g/g PDF une. (X, #=100 GeV)
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X
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Ratio

uncertainties

Neutron [kx+, sHep24)
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q,

CT18qed zv(z, 3 GeV)
—Elastic —R1998_—MHO
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—HERN.

g PDF unc
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T

@ Remaining uncertainties at large z: Higher-twist, target-mass corrections, etc x+, rro22)
@ The low-Q? structure functions: CB/CLAS, HERMES, R=o0/0or
@ The neutron’s photon PDF suffers for a large uncertainty, due to the imprecise of SF extraction, and

nuclear corrections [KX+, JHEP'24]

@ Can be generated to the heavy-ion's photon.

10! 100
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Heavy-ion (A, 7) coherent scattering
@ Electric and magnetic form factors
Gp ~ ZF(Q?), Gy ~unFn(Q%)~07?

@ Woods-Saxon (SuperChic)

2 1212\ 3,.,4qT — Po
F(Q*=1q| )_/d e’y (r), pp(r) = 1+exp[(r—R)/d]
@ Helm (ALPtraum) or STARIlight or Symmetrized Fermi distribution
351(QR Qs)” Azpo 1 .
1.2 T T - : A

F(Q?)
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Axio

n-like particle or light-by-light scattering
- ; ; 10° g— ;

10" :
- ep, 18 x 275 AN €ePb, 18 x 110/A
..... Prelimi 10 .. Prelimi
1ok reliminary _ reliminary
10%¢ 1
9
. 1071 . 107 —SuperChic k!
2 —ALP 2 0
= LbL(£0.1m,) = 10f —MadGraph PDF 3
g - Lb Am, 3
© 1072 N 10°L —MadGraph FF /’;;gr 1
- >rChic Z
. SuperChic 01 —aLp 2;‘/4//?’ i
1077F —MadGraph (PDF) i
10-2[  ~" LbL(£0.1m,) ]
—MadGraph (FF)
107 ; ; , 107° : : .
107! 10° 10" 10° 107! 10° 10%7y v 10
my [GeV] my, [GeV] v
@ The photon PDF corresponds to the collinear approximation, p}g ~0
@ It applies to the inclusive cross section €
o It will fails in the off-beam-axis kinematics with recoiling boost, e.g. pgf > 0.
. . . A
@ Recoiling boost requires a N-body (N > 3) phase space, with SFs or FFs.
o

A dedicated event generator is under development: elastic (diffractive and coherent), inelastic
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Outline

Charged-current structure functions
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The ACOT scheme for the charged-current DIS... 000

@ We expand the Wilson coefficients

@ The LO Structure functions C=CO4oa,cM4a2c?+0(a?)
W _ s ° °
FY =2z(utd+5+et...), o The LO coefficients
F" =2(u—d—3+c+...), G =8(1-2), € =58(1-2),
o At HO Ol =8(1-2), x=0+m2/Q):z,

; xj®f=Fi+Fq ® The NLO one

1 1
Ol(,l) = l)(z)7 Cl(l) _ (.’1)(2)7 Cl(,h) _ Cl(,l)(X)7

W c W s

1 0 1
V=) -Gl e Ay,
1 1 0 1 0 1
1Y) = 506) - 0 4 - i 4
° ThEeQ)NNL(O2)ones @ @ -
Cron = hn (%), Chy = H7(2) = AG,
Kl c 0(2) — H(Z) _AC(2>7 0(2) — 2) ,
(p) Flavor Creation (a) Flavor Excitation h.g ) hog Lo = L (=)
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Reduced cross sections

2 2
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~p CC DIS, /s = 200 GeV, = = 0.02
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N = ] 1k
L . [Gao+, 2107.00460]
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Charged-current charm production and fragmentation

Ve

BFKL dynamics, (ee

noninear QCD, CGC SS
forward D-meson
production
P

uitra smal x proton structuro

X% 5(6,Q)

0.04

0.03F =
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2s(x,Q) at Q=10 GeV

Bowler
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0.50 1 »
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Besides the neutral-current Fi (probe IC), the charge-current
c, W

F, can probe the strangeness [Hobbs+, Pro21)

HERA data is very imprecise, which awaits to be improved by the

EIC

Also useful for fragmentation function, synergy with many
heavy-flavor measurement, such as LHCb kx+, scipost22)

Important for the neutrino source determination at the Forward

Physics Facility x+, phys. Rept22, 1p623)
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Neutrino scattering

Cross section can be obtained from FW/Z

GQ
G:/ddeQ £ e [YiFy— y*F & Y_oFs]
4z (1+ Q2/M3, )
(k) (k) g™ ? :
0 S——
: = SHERSHEE { ]
i 2 E:
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S 10 & : <X
~ 102: My.z v
N(P) X
1L
o Kinematic limits 10 :
Q* € [Qain, 2MEy], z €[Q?/(2MEV),1]. | okianrannrnnnsinnraiinniSuenionspensns

o We take extrapolation for Q2 < Q2.
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x

10121011101010910810710‘105104103102101 100
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Neutrino cross sections
10°g™
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-

o High-energy neutrinos mostly interact with nucleon through DIS.

@ High-energy neutrinos can be measured at colliders (NuTeV, FPF) and
telescopes (lceCube)

N B D o o N B
T T T T

o o o

@ We have performed a state-of-the-art calculation (N3LO) for the

. high-energy neutrino-nucleon cross sections x et at. 2303.13607)

1

E, (GeV) 37/41
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Neutrino’s cross section uncertainties xe: .. 2o 1mm
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@ We have investigated the flavor number up to Ny = 6 and heavy-quark mass effect
@ The small-z is resummed up to next-to-leading logarithms

@ The proton PDF uncertainty is under control

@ A sizable uncertainty comes from the nuclear corrections, where the EIC can help
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Heavy neutral lepton (HNL)

/U [pb]
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@ The HNL can be produced sizeably at the EIC x+, 221000287)
@ Combining the prompt decay and displaced vertex, new parameter space can be explored.
@ Motivation for the 2nd detector for muon detection
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Neutrino detectors for the EIC?

@ Neutrinos from charged-current DIS ep — v X
@ Neutrinos from the hadron decays: FASER-like

¥ FAGERD
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e e A
vy ¢
@ Neutrino trident and dimuon events vy
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é/
7
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Summary

@ The general-mass variable-flavor-number scheme for deep inelastic scattering is developed up to the
(approximated) N3LO, with the CT global analysis incoming.

o With the LUXqged method, photon PDF of nucleon and nuclei can be precise determined through the
structure functions.

@ Charged-current structure functions with fully mass dependence up to NNLO, while approximated at
N3LO, with applications to neutrino scattering.
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Mass schemes

Factorization Mass dependence Mass dependence of the Introduce heavy-quark
schemes in the FC terms  FE and subtraction terms PDFs at large @)
FFN Exact N/A no
M None None yes
IM Approximate Approximate yes
GM Exact Approximate yes
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