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electroweak meson production reaction beyond Delta

GeV neutrino in current and future accelerator neutrino experiments.
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T. Katori and M. Martini arXiv 1611.07770

@ Description of neutrino reactions in the resonance region is important.

@ Reaction model should be constrained as much as possible from available
pion, photon, and electron induced meson production data.

@ Resonance region (W < 2GeV) and DIS(W > 2GeV, Q* > 1GeV'?)
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Joe = Vi — Al (AS =0 current without CKM)
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Isobar model and ANL-Osaka coupled channel model
@ Neutrino induced single and double pion production
@ Inclusive cross section and parity violating asymmetry

@ Summary
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Isobar Models

Transition form factor

For each partial wave amplitude (J™I)
FJ7I _ __97NR YJINR
W — Mg + il /2
@ Mass(Mpg), Width(I'g) of resonance R from PDG.

@ Coupling constantsg, NR, gy NRr can be estimated from branching ratio(Ba), ganNR: use
quark model estimation or use g, g assuming PCAC.

T T
grNR =1/ 5B7rv gVNR =4/ EB»Y

@ No control of non-resonant mechanism, relative phases between non-res <> res, (J7, 1)
channels.

@ model implemented in neutrino generators.(Rein-Sehgal model)
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ANL-Osaka Coupled channel model

new feature beyond A33(1232)

@ many N* and A resonances My < 2GeV
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N1/2+ N3/2+ NS/2+ N1/2- N3/2- N5/2- A1/2+ A32+ AS/2+ ATI2+ A1/2- A32 AS/2:

@ opening of nIN, 7N, KA, KX, ,, channels
— needs multi-channel unitarity including three-body(77N).
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(ANL-Osaka model)

@ Meson exchange picture of meson-baryon interaction.
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@ Included Meson-baryon channels:
7N, nN, 77t N(oN,pN,7A), KA, K%

o Satisfy three body(7m7N) unitarity

T=V+VGT
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Step 1: wN reactions. [fix strong interaction part of model]

J5IR
N\ ¢ -~ -
\ Vs -~ -

g 90—

Step 2:Analysis of v, v*(o/d2, P, 3, ..).[fix model of Vector current]

N, i

< N*|VH|N >

validity of reaction mechanisms(non-resonant, resonant) are tested through the analysis of
extensive data.

Step 3 Axial vector coupling of N to N*, A( only parameters left undetermined.):
L; —.L(—Q:.’—’
< N*|AH|N >4< N*|Hf|zN >

PCAC(not all coupling constants are determined.), Q? dependence: assume dipole
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Overview of neutrino induced reaction (ANL-Osaka Model) do/dW/dQ? at E, = 2GeV
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S. X. Nakamura et al. PRD 92, 074024 (2015)
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Single pion production data

Data on Neutrino induced Single pion production
(http://hepdata.cedar.ac.uk/review/neutrino/)

1n 2m

GGM Lerche 1978 v Propane 1-10

Bolognese 1979 v Propane-Freon 1-7.5
BEBC  Allen 1986 v p 10-80

Allasia 1990 v, d 5-150
BNL Kitagaki 1986 v d 05-3 05-3
ANL Barish 1979 v p.d 04-6

Radecky 1982 v d 05-15

Day 1983 v d 0.75-5.55
FNAL  Bell 1978 v p 15-40
SKAT  Ammosov 1988 v Freon(CF3Br) 4-18

Grabosch 1989 v, Freon(CF3Br) 3.5-6

@ Reanalysis of ANL/BNL data
(C. Wilkinson et al. PRD90 (2014), Rodrigues et al. arXiv:1601.01888)
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Single pion production in N*, A region

do /dW of single pion production E, = 40GeV
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Neutrino anti-neutrino BEBC NP343,285(1990)

Only qualitative comparison can be made for higher W region.
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Two-pion production

pi N - pi pi N reaction

Kamano, Julia-Diaz, Lee, Matsuyama, Sato, PRC79 025206 (2009)

| Parameters used in the calculation are from nN > nN analysis. |
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Neutrino induced two pion production
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Near threshold(compare with Hernandez et al.(D(1232)4N(1440))
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Inclusive cross section and parity violating asymmetry

How well our model accounts total strength of reaction?

@ Q2% =0 PCAC (compare with mN total and elastic cross sections)

@ Large Q?
vector current : data and parton model
axial vector current : parton model, PV electron scattering
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Axial vector current at Q? =0

Axial Vector current F$'C at Q% =0

Proton Neutron

LPP(1pi)------s

RS(1pi) -----
S 2f —— DCC(full) {
E I\ DCC(1pi) | §
8, s
] 8,

0 ¥
W (Gev) 1.2 1.4 16 18
W(Gew pi-N final

Using PCAC, FEC(Q? = 0) = 2= o (virtualr + N)

open box, green cross are data.
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W~ 2GeV
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: Our RES Model
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description of ep in RES, smoothly connected to DIS
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: 2
Axial vector current at large )~

strength of axial vector current at large W, Q? in DCC model may be too weak.

xF3
8 Q=05 — 2 = 5
25 1-— — Fy'x18/5| — Q=05
2 2o 15 =2
15 CC
i FEC 1
1 I
05 I 05
0 0
1 0 02 04 06 08 1 0 02 04 06 08 1
g 3
FEC ~ V2 + AP FSC ~ Re(VA*) F$C
lele;
Fy < [Viv2+|Arv |2, F§™ o [Vem|? DCC
FSC ~BFSm ~a(ut i+ d+d) PDF
(o3 o
o Fip + Fin
¢ 2
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Approximate relation between structure functions

i in

FSC and F)Z (Ff = (F + F2)/2)

2F:;YZ = FBCC 0.8 V[V(AIV)* DCC
2F)? ~F{°~u—ta+d-d PDF

* 3N can be used to test FCC for neutrino reaction.
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Parity violating electron scattering

Parity violating asymmetry of N(€&,e’)X reaction < & - pe >

e ©
T
@Gy 7
v ot +o- V24ra D
0 0 E E!
N = cos? 7W2’YZ + sin? 7[2W1"’Z + (1 — 4sin? aw)gwgz]
2 2 My
D = cos? ng’” + sin? ngm
Here
WE™ o Y i+ a—pp) < flIEIN >< f1JEnIN >*
f
W7 o D 8(pi +q—pp)[< FITELIN >< FITKIN >* + < flIoIN >< f1J5, [N >*]
f
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Parity Violating Asymmetries

Using Vi = (1 — 2sin? Oy ) JE,, — Vg

—o_ G
2Apy = 0= TF p_4sin®Oy + Ay + A
Q" Apv o +o_ V24ra [ W v A]
= —8.99 x 107°[1.075 + Ay + Ay
2 6 em—1is 2 0 em—1is
Ay = —[cos §W2 + 2sin §W1 1/D
0 E. + E,
Aq = sin?2(1—dsinoy) e PewnZ p
2 My

@ Ay : only isospin 1/2 final state contributes. expected to be small in the Delta region

[ WQZ might be seen in backward electron scattering
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Estimation of Ay, A4

0.2 0.2
A
0.1
< <

0 [~ ~ - V 0 b~ ~ -

-0.1 : : : . -0.1 :
0.5 1 156 2 25 3 0.5 1

E.[GeV]
p(€, ), W = 1.232GeV ,0 = 60°(left) 110°(right)

T. Sato (Osaka U.)

neutino reaction and PV

15 2 25 3

E.[GeV]

Nov. 19 2017

20 / 24



Parity Violating Asymmetries

Parity violating asymmetry of d(€&, e’) reaction in DCC model with simple estimation for
deuteron reaction

Gr Np+ Np
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The PVDIS Collaboration PRC91 045506 (2015) (E. = 4.867GeV, 0 = 12.9°)
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Summary

@ Current status of DCC model on neutrino-nucleon reaction in the resonance region is
discussed.

@ In v — p(v — n) reaction, A33(1232) plays dominant role.For other channels, N*
resonances contribute appreciably.

@ One can obtain hint on the validity of the model comparing with parton model, suggesting
missing strength of axial vector current at non-zero Q2 in DCC model.

@ PV asymmetry, in principle, give us information on W3CC.

@ To disentangle nuclear effects from model dependence of nucleon reaction, benchmark
test will be necessary. (Rein-Sehgal, Hernandez-Nieves, Leitner-Lalakulich-Mosel,
Aligah,Kabirnezhad,Nakamura et al. )
not only o(E,),

do do
dWdQ?’ dWdQ2d:

1 @
L*'W,=5 2 [Rr+Ro+Rizcos ot Rercos2de

Sy

+ Ry sing+Rypp sin2e ], (28)
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NPB62 (1973) 61, C. Wilkin et al. & = [0,- + 0,+]/2, Ao = [0z —0x+]/2

Table |

Average cross section & and cross-section differences Ao for n? on "He, "Li. "'Li, ‘Be, B0 and
%, Only statistical errors are quoted, In column 4 the relative real part p of the forward scat-
tering amplitude used for the extraction of the cross-section difference is listed. Column 6 gives
the increase of the cross-section difference for a decrease of p by 0.1

Nucleus Momentum  Average Cross-section Relative o (o)
MeV/e) cross section difference real part - —a-——}{ 0.1
vem @ o wh oo
Yo 167 4733 70 4 6 0.84 10
202 627+ 2 68+ 4 0.43 12
243 693+ 2 29+ 4 0.15 13
293 661 £ 2 6+d -~ 0.09 12
332 596 % 1 9+ 3 - 0,23 10
72 528z 2 93 - 0.34 8
Ny 170 1235+ 6 213+ 11 0.50 43
203 1334 2 6 97+ 11 0.30 45
244 1351z 5 76t 10 0.07 48
294 1280 = 4 59z 8 - 0.09 42
333 1200 3 ITxh - 0,17 iR
373 1090 ¢ 3 2126 -0.23 is
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NPA209 (1973)1, B.W.Allardyce et al.

TaBLE 2
®“ reaction cross séctions
(values in mb)

Momentum  C Al Ca Ni Sn 1105, Ho Pb 208pp
{GeV/c)

071 24343 G085 76446 1221111 1806 15

0.84 25042 43356 60745 7646 1230+ 9 1241410 15B3k14 181412 1759440

1.00 264-£1 45443 62415 77243 12494 6 1260411 1607413 18081 6  18l0L 9

1.36 25442 44443 6114 7715 12494 T 1258410 1594410 18174 9 180616

1.58 24642 44444 50BL5 75814 1233L 5 18024 7

2.00 22442 550+£3  710+4 1164411 1703416

An additional systematic error of +1 % should be applied to the values for each momentum at 0.71, 0.84 and 1.00
GeV/e. (See text for a discussion of errors.)

TasLE 3
n* reaction cross sections
(values in mb)

Momentum C Al Ca Ni Sn 1205y Ho Pb 08ph
(GeV/c)

071 16343 58747 T4l LB 1187417 1754416

0.84 24643 429411 59449 T4249 1190410 122114 1543428 175216 1764421

1.00 257442 45143 60945 74945 1231k B 1254410 160615 17724 9 1762426

1.36 24843 43744 59944 TS2ES 12174 09 122304 1544426 1743413 1742424

1.58 24343 43543 601L5 75046 1208411 1736416

2.00 2242 35545 0748 1134+10 1670413

An additional systematic error of 4:1 % should be applied to the values for each momentum at 0.71, 0.84 and 1,00
GeV/e, (See text for a discussion of errors.)
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