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Neutrino experiments

- DUNE and Hyper-K: leading-edge v science experiments
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- measurement of vy(v,) disappearance and ve(Ve) appearance
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( - cross sections for precise measurements and discovery of lepton CF J

2




CCQE. Why should we care?

- neutrino-nucleus cross sections and future accelerator-based fluxes
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(2013) 1 0.1 1 10 1 02 talk at Neutrino 2020
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- basic process: bulk of events at Hyper-K and DUNE \

- best channel for reconstruction of neutrino energy
Y,
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CCQE scattering on free nucleon

v (F) (k') tri
=k ¥ neutrino energy E,

momentum transfer Q2 _ _q2

contact interaction at GeV energies

- nucleon current
T (Q%) =< pla (v — y"s) din >

D4(Q%) = 1 FE Q) + T Y (Q7) +1#95Fa(@) + Trs Fr(Q?)

form factors: isovector Dirac and Pauli axial and pseudoscalar

V . 1p n
FD,P_FD,P_FD,P

tree-level amplitude

= (C(K )y (L = 5) Ve(k))(p(p’)r“(QQ)n(p)D
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CCQE scattering on free nucleon

- only 3 experiments performed with deuterium bubble chamber

direct access to form-factor shape

ANL 1982: 1737 events

—

Byl

BNL 1981: 1138 events

FNAL 1983: 362 events

world data: ~3200 events

( - axial form factor errors can be reduced with new measurementsj
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CCQE scattering on free nucleon

(k) (K) v=FE,/M -1 —r°
_me _ @
"Tom T o
n(p) p(p) unpolarized cross section
do M*> e

o () A - vB@) + @)

. Llewellyn Smith (1972)
- structure-dependent functions

A=7(GY)" = (GE)" + (1 + 1 FL (O (GY))" + F} — 47F} + 4FaFp)

B = +47F.GY, C=1(GY)" + (GY)" +(1+7)F3

-

- Cross section is sensitive to both vector and axial contributions

G

- pseudoscalar form factor contribution is suppressed by lepton mass

~
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CCQE cross sections with 7

assumpt. for pseudoscalar form factor, label as PCAC:

growths from production threshold ~ 3.5 GeV

E, =5 GeV
10 -
Ng %8_ PCAC,vin->1Tp
o . 6—_ """" PCAC,VTP—WII-'_II
S0 I Fp - (120.2) Fg*P
ElS
2_
0
0

Q?, GeV?

modern nucleon form factors

2M?
2 + Q2
R. Gupta et al. (2017-2020),

Fp = Fa

Ch. Chen et al. (2021), C. Alexandrou et al. (2021)

sz
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E, =10 GeV

Q?, GeV?

AS. Meyer, M. Betancourt, R. Gran and R/J. Hill (2016)
K. Borah, G. Lee, R. J. Hill and O. T. (2020)

-

G

- distinct neutrino and antineutrino cross sections at “low” energy

- sensitivity to axial but not to pseudoscalar form factor
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CCQE scattering on free nucleon
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Form factors and polarization observables

v (T A
¢(Ve) () polarized target and/or recoil

~ do (5) —do (—5)
- do (S) +do (-S)

n(p) p(n) S. M. Bilenky et al. (2013), A. Fatima et al (2018),
J. Sobczyk et al (2019), B. Kowal et al (2019)

A

- spin asymmetries are not suppressed by 77y or coupling constant:
comparable to unpolarized cross section rates

(T+r2) AT,R,L(QQ) _VBT,R,L(QZ) 4 %CT,R,L(QQ)

T,R,L = i
(T +72) A(Q?) —vB(Q?) + = C(Q?)

- target, recoil and lepton asymmetries with spin in scattering plane

( - alternative way to access axial structure at GeV energies )
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larget transverse asymmetry

40

v.n - T p, E, =5GeV

PCAC

PCAC, Fx- (1£0.2) F{P
————— Fp - (1£0.2) Fg*P

Q?, GeV?

S6E)in orthogonal to the beam direction

60

0

40(

20 1|

vin - T p, Ey =10 GeV

T,, %

204 3\

T,, %

v.p -t n, Ey, =10 GeV

( - sensitive to pseudoscalar form factor )
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Ty, %

Target longitudinal asymmetry

sg)in along the beam direction
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( - sensitive to both axial and pseudoscalar form factors )
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sg)in orthogonal to the recoil nucleon
10

Recoil transverse asymmetry
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( - sensitive to pseudoscalar form factor )
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Recoil longitudinal asymmetry

ssgin along the recoil nucleon mome
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( - sensitive to both axial and pseudoscalar form factors )
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Lepton transverse asymmetry

sgnn orthogonal to the recoil lepton
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( - sensitive to axial form factor )
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Lepton longitudinal asymmetry

sgnn along the recoil lepton momentum
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( - sensitive to axial form factor; helicity conservation at large Ep )
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Conclusions and Outlook

alternative probe

of nucleon structure

= w® s TP

- compact expressions for all tree-level single-spin asymmetries

- axial form factor:
lepton asymmetries are accessible and “cheap”

complementary measurements from asymmetries

- pseudoscalar form factor:
tau flavor above the production threshold

target and recoil transverse asymmetries
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