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Neutrino trident production

neutrino trident production
or

pair production by a neutrino

Vo (or B)

AN )—85

l

Vo + N = vg+ L5 + 05 + N
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Neutrino trident production

Va (or B)
Vg - Vo —
ls ls
y of 0! ly
A pt

Pair production in the EM field of the

nucleus, nucleons or quarks.

Neutrino Antineutrino | SM Contributions
vy = Ut T | Dy = vt T CC, NC
v, = Veetu~ | U, — Ve ut CC
v, —vete” | v, > pete NC

CC/NC interference leads to a cancellation of 40%.
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Neutrino trident production

How rare is it?
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Past

Brandisium -

Via {dppia




[Czys et al, 1964] — Full calculation of process in V - A theory.

(E,) =25 GeV
Nsig p— 55 i ].6
ICHARM-_II _ 1 FQ | (). /7
OSM . .

[CCFR, 1991]
[NuTeV, 1998]

events per 4 additional hits

Number of

Brown et al, 1972] — Full calculation in V - A and SM.

CHARM II (1990)] — First measurement of ,u+ W trident.

— my <25 Gev/d
—l—*»lSﬁlV/t’
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Present
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Present

Renewed interest, leading bound in U (1)L . — L, model. [W. Altmannshoffer et al, 2014]
High rates for DUNE ND and SHiP for unobserved channels. |G. Magill et al, 2016]
Atmospheric neutrino trident production. [SF Ge et al, 2017]
Charged scalars influence on CC channels. |G. Magill et al, 2017]
Trident constraints on EFT. |A. Falkowski et al, 2018]
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Present

Equivalent Photon

Approximation
(EPA)
Renewed interest, leading bound in U (1)L . — L, model. [W. Altmannshoffer et al, 2014]
High rates for DUNE ND and SHiP for unobserved channels. |G. Magill et al, 2016]
Atmospheric neutrino trident production. [SF Ge et al, 2017]
Charged scalars influence on CC channels. |G. Magill et al, 2017]
Trident constraints on EFT. |A. Falkowski et al, 2018]
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EPA

—_ JEPA(EV)|QmaX
R = oars(EL)

How bad is it?
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EPA

R — JEPA(EV)|QmaX

How bad is it? oars(E,)

With our full calculation you can still focus only on the

3 body Ov~ and plug it into the formulae:

X dZO'VX o 1 1
A dQ2ds 3272 5Q2

hx(Q%,5) 0, (Q%,8) + hx(Q%35) 0

109 10! 10Y 10!
M. Hostert E, [GeV] E, [GeV] 13




LAr rates

JE€
e
SBN e
Program -

Channel SBND pgBooNE ICARUS DUNE ND

Total e*pT 10 0.7 1 2993 (2307)
2 0.1 0.2 692 (530)

Total ete™ 6 0.4 0.7 1007 (800)
0.7 0.0 0.1 143 (111)

Total utp™ 0.4 0.0 0.0 286 (210)
0.4 0.0 0.0 196 (147)

Coherent (upper) and diffractive (lower) trident events for (anti)neutrino mode in the
expected lifetime of the experiment.
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The signal @ DUNE
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The signal @ DUNE

Perhaps biggest uncertainty of calculation!

What is the hadronic signature of diffractive tridents?

We include fermi blocking, but other effects at play.

1074 1073 1072
Q? (GeV?

No hadronic activity at the vertex?
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The signal @ DUNE

Electrons are produced with low energies.

Even with 30 MeV thresholds in LAr, still okay — 70% efficiencies.
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Backgrounds

Genuine dilepton production with no
hadronic activity is rare, but misID is the

problem.
misID Rate
v as et 0.05
v a8 ee 0.1 (w/ vertex) |
1 (no vertex/overlapping)
m+ as put 0.1

Constant misID rates

From GENIE events, find most important
bkgs. after vetoing protons (>21 MeV) are

_|__

ptp
CCln* misID 7+
etTe
NC17° and v.CCr?
et

CC170 with misID 7Y .

M. Hostert
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Apply simple 1D kinematical cuts based on the signal distributions.

104 I---- Total Isig. —l- Total bllig. ---------- 9I+(9_) < 1510
F Sig post cuts ~ ===== A0 < 20° miﬂf < 0.2 GeV?
+ —
103 |
;% 102
10t
10° . ! ! L T hen, ! !
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
miﬂr [GeV?]
Channel N%iSID /NCC N%ad/NCC leg)in/NCC egiogh Egiigf

et T 1.67 (1.62) x 10~*  2.68 (4.31) x 107°  4.40 (3.17) x 10~ 0.61 (0.61) 0.39 (0.39)
ete 2.83 (4.19) x 107%  1.30 (2.41) x 107% 6.54 (14.1) x 107 0.48 (0.47) 0.21 (0.21)
ptu~ 266 (2.73) x 1073 10.4 (9.75) x 10~*  3.36 (3.10) x 10~  0.66 (0.67) 0.17 (0.16)
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Backgrounds

Apply simple 1D kinematical cuts based on the signal distributions.

Caveats!

Detector effects? Efficiencies at lower energies?

De-excitation gammas? Internal bremsstrahlung?

Dalitz decays?

Ch 1 . . it
e 6 orders of magnitude is a lot. Csig
et 0.39 (0.39)
ete” 0.21 (0.21)
put 06 (2.73) x 10~ 0.4 (9.75) x 10~ 3.36 (3.10) x 107°  0.66 (0.6 0.17 (0.16)
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Other near detectors

Despite LAr being a promising technology for measuring tridents,

it is not the only one!

Could we measure it now?!

M. Hostert 21



Other near detectors

INGRID

+5m

Channel T2K-I T2K-II
Total e*uT 563 1444
96 246
Total ete™ 277 711
24 62
Total put ™ 30 76
21 54

Coherent (upper) and diffractive (lower) trident events for (anti)neutrino mode.

M. Hostert 22



INGRID

Channel T2K-I T2K-II MINOS MINOS+
Total ey 563 1444 222 (56) 730
96 246 46 (11) 151
Total ete— 277 711 61 (15) 62
24 62 9 (2) 8
Total ut - 30 76 26 (6) 36
21 54 15 (3) 49

Coherent (upper) and diffractive (lower) trident events for (anti)neutrino mode.

M. Hostert
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INGRID

Channel T2K-I T2K-II MINOS MINOS+ NOvA-I NOvA-II
Total eTpF 563 1444 222 (56) 730 83 (72) 340 (374)
96 246 46 (11) 151 25 (22) 102 (114)
Total e~ 277 711 61 (15) 62 29 (22) 119 (114)
24 62 9 (2) 8 4 (4) 6 (21)
Total ptp= 30 76 26 (6) 86 9 (9) 37 (47)
21 54 15 (3) 49 8 (8) 34 (36)

Coherent (upper) and diffractive (lower) trident events for (anti)neutrino mode.

M. Hostert
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INGRID NOvVA MINERvVA

Channel T2K-I T2K-II MINOS MINOS+ NOvA-I NOvA-II MINERvVA
Total eTpF 563 1444 222 (56) 730 83 (72) 340 (374) 149 (102)
96 246 46 (11) 151 25 (22) 102 (114) 56 (39)
Total e~ 277 711 61 (15) 62 29 (22) 119 (114) 39 (27)
24 62 9 (2) 8 4 (4) 6 (21) 10 (7)
Total ptp= 30 76 26 (6) 86 9 (9) 37 (47) 18 (13)
21 54 15 (3) 49 8 (8) 34 (36) 18 (13)

Coherent (upper) and diffractive (lower) trident events for (anti)neutrino mode.
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INGRID MINOS /+ NOvA MINERvA

Could these experiments be in the game?

Detector performance study needed.

A

Channel T2K-I T2K-II MINOS MINOS+ NOvA-I NOvA-II MINERvA
Total e ¥ 563 1444 222 (56) 730 83 (72) 340 (374) 149 (102)
96 246 46 (11) 151 25 (22) 102 (114) 56 (39)
Total ete~ 277 711 61 (15) 62 29 (22) 119 (114) 39 (27)
24 62 9 (2) 8 4 (4) 6 (21) 10 (7)
Total pTp= 30 76 26 (6) 86 9 (9) 37 (47) 18 (13)
21 54 15 (3) 49 8 (8) 34 (36) 18 (13)

Coherent (upper) and diffractive (lower) trident events for (anti)neutrino mode.

M. Hostert
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Conclusions

Neutrino trident production is an attainable goal of future LAr DUNE ND.

Very first measurement of electron channels possible.

Trident events might hide in our current data. Can our current detectors see them?

What else can trident and other rare processes teach us?

M. Hostert 27
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CCFR Measurement

CCFR. (1991)

(E,) =160 GeV

Nsig p— 37 i 124

Number of Events/1 GeV

JOCFR — ().82 £ (.28
OSM
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Parameters assumed for LAr rates

e SBND 110 m, 112t 6.6 x 10*° P.O.T.
SBN pBooNE 470 m, 89t  13.2 x 102° P.O.T.
ICARUS 600 m, 476 t 6.6 x 10%° P.O.T.

50 t LAr, assuming
r\l 0
(2+2 x 3) x 1.83¢21 P.O.T. AK\E

in nu and nubar mode.

M. Hostert 31



INGRID

NOvA

MINERVA

Experiment Material Baseline (m) Exposure (POT) Fiducial Mass
INGRID Fe 280 3.9 x 10%! [10%?] T2K-I [T2K-II] 99.4
MINOS[4] Fe and C 1040 10.56(3.36)[9.69] x 102 98.6
NOvA C,H;Cl and CH, 1000 8.85(6.9) [36(36)] x 1020 [NOvA-I] 231
MINERvA | CH,H:0, Fe, Pb,C 1035 12(12) x 10%° 7.98

POT in antineutrino mode in parentheses.

M. Hostert
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The cross section
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The cross section

Vo (or B)
Process can happen in a coherent, diffractive or DIS " -
limit. Usual separation: = B
g-l—
pv 7 g
dQO'VX . 1 HX L,uv éj /4
dQ2ds  3272(s—M3)%? Q* X ==—= =X

where § = 2 (p;1 - q). Would like to do more to understand the EPA.

Universal leptonic T and L cross sections.

d20',/x 1 1 ? ?

dQ2d§ — 3972 § Q2 [h;((Q27 §) O-Efy(Q27 §) + h%((Q27 §) O-II/JW(QZv §)]
v v

T and L photon flux function (target and regime dependent)

M. Hostert 34



EPA breakdown

EPA assumptions

2) Taking the T contribution of the cross section to be on-shell ( 0 %(qQ, s)~o VTW(O, 5) ).

d2UVX 1 1 ) X A )
d@?ds ~ 39,2 502 [hDTC(QQaS) UEV(QQ,S) + h(Q2,5) 0,5‘7( 2,3)]

M. Hostert —



EPA breakdown

EPA assumptions

L
1 lli_:]:.u] vl

10910 10*102 10210 10°
Q [GeV]
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Coherent vs Diflractive

Incoming v, flux, {JAr Incoming v, flux, {¢Ar
L) 1.0 ) LI " Al L) Al L ' A

—3
| Ratio
B Coberent

—| — T
i} ewe Diffractive
J Total
1| Incoming v,

Ratio
Ratio

---------------

® v. - v pute”

® v. vty
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Coherent cross sections

10Ar $2 Pb
102 E| Ll Ll I Ll Ll Ll I Ll Ll Ll I Ll Ll Ll I Ll Ll Ll I Ll Ll Ll I Ll Ll Ll I Ll Ll Ll 102 E| Ll Ll I Ll Ll Ll I Ll Ll Ll I Ll Ll Ll I Ll Ll Ll I Ll Ll Ll I Ll Ll Ll I Ll Ll Ll ]
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b oL/ -~ b 0 _
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b :,:' R i b .
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K i i
1
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10718 [/ 4 107! E
VT == vy, ete / VoV T == v e
— yyovy et == vy, utu ,’I — yyovy et == vy, utuT
—_— VoV, ety == VeV ute T ,’ _ VoV, ety == VeV ute T
10—2 o1 1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 10—2 'I I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1
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Smiting new physics

Work in progress



Consider first a new gauge boson gauged under the anomaly free group [/ ( 1) L —1I
u T

Possible explanation of the muon (g-2) anomaly.

" Recent interest due to hints of flavour non-universality

z°/ inb — sfT 0~ decays.

e+

5 w s See [Altmannshofer et al, 1403.1269] for an
AVAVAVAVAVAV, KO

extension for flavour anomalies.

ZLint D Q/Z& (zu”YaLu — L "L, + ﬁR’YaNR — 7R’7aTR)

|[Altmannshofer et al, 1406.2332]
M. Hostert 40




Trident enhanced by light mediator mass, no QED contribution to compete

with!

A single channel is affected: vV, — V, ,u+,u_

v, = vyputuT, Mz =10 MeV
0.25
1 M, ¢ =
0.20 — 1x1
—1 =2x1
0.15
R
A 0.10
A
0.05
0.00
0.04 0.0 0.06 0.07 0.08 0.09 010 0.11

¢ [GeV?]
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Other processes are also relevant if Z’ decays visibly

“Dark bremsstrahlung”

Final state from Z’ — u™ ™ looks nothing like trident.

Hunt invariant mass bump at M.

M. Hostert 42



Experimental sensitivity

Sensitivity of DUNE ND

ljr(:lz)llﬁL'_'l;7'

Enhancement is largest at
lower energies.

Log sensitive to the Z’ mass
below 10 MeV.

1071

102

1073

7=t (g2

103 102 101 100 10 102
MZ’ [GGV]

DUNE near detector (25 t) at 90 % C.L.

Assume 10% normalisation systematics and no backgrounds.

M. Hostert
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