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Weak interaction
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Brief History of the NTP’s
Back in the early days,
1934  Four Fermi interaction (Fermi)
1956,7 Parity Violation discovered (Lee and Yang, Wu)

1957  the V-A theory (Feynman, Gell-mann)
V,u. + N

Su +wt+n 1964 Trident Production to examine the V-A theory
Ly e/ + v (Czyz, Sheppey, Walecka)

1967  Weinberg-Salam theory
Vy + N

Sv4pu+p+N 1971 Momentum and angular distribution of the NTP
(Lovseth and Radomiski, Koike et al, Fujikawa)

1972  Trident production to examine the WS theory
(Brown, Hobbs, Smith and Stanko)

1974 Neutral current (CERN)

1983 W and Z boson discovered

1990 CHARM-II

1991  CCFR consistent with the SM prediction
1995 NuTeV

revival — 2014  Trident production to constrain new physics
(Altmannshofer, Gori, Pospelov, Yavin)

( THicADtalk slide @ FE30EI=a—r)/BARE Za—~J/HEERAOMEILYSIA)
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» deep inelastic(v+g->v+£t+¢ +q)

* negligible G. Magill & R. Plestid, PRD. 95. 073004 (2017).



CNETONTPE A
» CHARM-II (CERN) D. Geiregat et al., Phys. Lett. B 245, 2 (1990).
v  NTPD A
v E—=LIXILF¥— (E,)=23.8GeV, (Ey) =193 GeV
v ¥E/ : 547 t glass plates ( (Z?) = 97.6)

Oexp = [3.0 £ 0.9(stat.) £ 0.5(sys.)] x 107*! cm?

» CCFR (FNAL) S. R. Mishra et al., Phys. Rev. Lett. 66, 24 (1991).

v E—LI#LE— (E) =160 GeV
v’ $Z# : 324 tiron plates (Z = 26)

Oexp = [7.5 +2.6] X 107*° cm?

+ —_
:> o(Vy = v )exp 3 {1.58 +0.64 (CHARM-II)

o(vy = van*u),,  1082+028 (CCFR)




3K 52 B
» DUNE Near Deterctor (FNAL)

R. Acciarri et al. (DUNE), arXiv:1601.05471.

v E—LIFRILE— E, =0~ 40 GeV
v #2289 : 50 t liquid argon (Z = 18)

v BESNBAR —
Channel SBND pBooNE ICARUS | DUNE ND | vYSTORM ND
Vy = vt 0.4 0.03 0.04 271 (32) 9 FE% : coherent
Uy — Uyt 0.01 0.001 0.001 14 (177) 2
0.01 0.0009 0.001 9 (127) 1
Ve = Vet T~ 0.002 0.0001 0.0001 1 (0.5) 0.4
0.001 0.0001 0.0001 0.7 (0.2) 0.3
Ue = Uep = 0.0002 0.0000 0.0000 0.3 (0.9) -
0.0001 0.0000 0.0000 0.2 (0.5) —
Total ptp~ 0.4 0.0 0.0 286 (210) 11
0.4 0.0 0.0 196 (147) 9

P. Ballett et al., JHEPO1 (2019) 119.




Gauged U(1)p, L, = HY

R. Foot, Mod. Phys. Lett. (1991)., He, Joshi, Lew, & Volkas, PRD (1991).

* SUB)e xSU@), x UMy x U(L) 1,

U)p,-1, O

« anomaly free
* muon g-2 anomaly Z & TEH/\FA—REE N FHE
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Ar target
3 x 10~ *1cm?
7 X 10~ *1cm?
2 X 10~*2cm?
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_2 _
CCFR Babar
3 L
:/;t ~ (.g - 2);1
E, = 5GeV
h 20 GeV
Borexino | | 40 GeV
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S.-F. Ge, M. Lindner, & W. Rodejohann, PLB772 (2017) 164. 1|
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leptonic part

N (Q) N(Q')
1 4G2 nuclear part
o= dIl A4“V]
2s 2q* i
d3k' d3p d3p d3Q’
drl = P_aP T sk +p+p+Q —k— Q)

(2m)3 (2m)3 (2m)3 (2m)3

Juw =Z%(Q + Q") ,(Q + Q") IF(—g*)|? for spin-0 nucleus
F: [RF&IIREF
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RFZRIREF

1 . etG? M)
og=—
4 HY
25 2q T = 2@ + @)@ + Q) IF(=g))]
- - sinVtr o0
2N S F(t) = -[0 dr sz(r) \/ET' 47‘[[ drrzp(r) =1
0

& RFREE p(r) IX

C. W. de Jager, H. de Vries, & C. de Vries, Atomic Data and Nuclear Data Tables 14, 479-508 (1974)

THRABRFRIZOVNTEEHLN TS

WAr MI5E  three-parameter-Fermi 9% |F(t)]

10"

14+ wr?/c?
p(r) = pg = jl> |
1+ exp ~ *

Cc = 373 fm, Z = 062 fm, W = _019 1030 0.05 0.1 0.15 0.2
t [GeV?]
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d?o g |¥ 0 =1.08x 10"*1cm?
E + |GeV ETFBHIEZTER
w (G g, dE,- (smam) o
9 T T T
my = 0.02GeV —— | g' = 6.81x 107

8 r 0.10GeV —— 1 g’ =9.00 x 10~*

X 0.20GeV —— | g/ =114x 107"
7T 1.00GeV 19 =320x10"*
6 i
5 t EV = 10GeV -
: | dashed curve : 1 x 10™*3 cm?/GeV?
> solid curve : 2 x 10~*3 cm?/GeV?
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E, 9%

do ,
[cm~/GeV]
dE, -
3 T T T T T T T T T 1 —4
my = 0.02GeV g'=681x10
0.10GeV g' =9.00 x 10~4
2.5 f 0.20GeV 19 =114%x10"*
1.00GeV g’ =3.20x%x 107%
5 | SM _
E, =10GeV
1.5 ¢ i
o = 1.08 x 10™*1cm?
1 - i
051 4oy = 0.56 x 10~*1cm? 1
O ] ] ] ] ] ] ] ] ]
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E,- [GeV]




E . 5%

do ,
[cm*/GeV]
dE ut
4.5 T T T T T T T T T
my = 0.02GeV
4 r 0.10GeV .
0.20GeV
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do 2 0y ~
a0, om] — U
puout
10'40 r T T T T T T T . , _4
i my = 0.02GeV g =6.81x10
0.10GeV | g’ =9.00%x 107*
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1.00GeV g’ =3.20%x 107*
| SM _
-42 .
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1043 | . __
L \\\
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mz— ut ﬁﬁ

do 2
m -+ = \Py- + D, +
13 [cm?/GeV?] wut = (Pum 1)

p-ut

180 T T T T T T T T T , —4
my = 0.02GeV g =6381x10
160 | 0.10GeV 1 g '=9.00x10"*
0.20GeV g =114x10™*

140 ¢ 1.00GeV 1 g'=320%x107*
120 | SM
100 | E,/ — 10GeV i
80 | .
60 | .
40 | |
20 | .

O ! | | | | | ; — : !

0 0.1 0.2 0.3 0.4 0.5

mﬁ— ut [GeV?]
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