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Light Z’ models

Light Z' models

@ Assume extra U(1) gauge symmetry giving additional Z' gauge boson
o B-L well known example

=Y I Tl + 4P R Z,
f

7
Lic =

In B-L models C\f/ = gz Q; with Q, = Q, =1/3 and Ql’,é = —1.
@ here we assume fermion charges only constrained by anomaly conditions
@ possible to explain so called Atomki anomaly with a 17 MeV Z’ (X17)

@ would modify normalisation and shape of nuclear recoil spectrum in CEVNS
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Johan Rathsman Parameter ~ BM111 BM222 BM333 BM444 BM666
Light 2/ models g 251x107° 3.48x107°> 157x107° 1.81x107° 1.88x10°°
mz [GeV]  0.0175 0.0174 0.0175 0.0166 0.0171
cy -2.49x107* -2.55x107* -2.48x107* -2.49x10~* -2.54x107*
cg 1.43x107* 1.46x107* 1.39x107* 1.09x10~* 1.12x10*
Cyf 1.38x10™° 1.39x107° 1.10x107° -1.18x107°> -1.13x107°

afs 2.01x1075 1.74x1075 1.25x1075 -1.27x107% -1.13x107°
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Neutrino flux from
xt decay at rest

Neutrino flux from 7" decay at rest
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Nuclear recoil energy spectrum for CEVNS
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Klein Nystrand nuclear form factor
Fv z(y) and Fy n(y) nuclear form factors for protons and neutrons
LUND
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Fv.z(Q%) = Fyn(Q%) = (QR)? [Sn(QRa) — QRacos(QRA)] =7

CEvNS light Z’

Johan Rathsman Qz — 2MEnr — ym2, RA = 12A1/3 fm, and a = 07 fm
"
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Vector couplings of neutrinos to protons and neutrons modified by Z’ exchange
CEvNS light Z’

Johan Rathsman gp7yg o gp \/EC\,;Z(2 C\L/’ + C\(;)
14 V,SM (§F(y¢nﬁA+—n1%/)

V2CYH(CY +2C8)
GF(ymi + m2,)

n,vy n
8y 8gv,sm +
CEWNS

for the SM we use the LO values

g\?SM = (1—4sin?6y)
8V sM -1

with sin?0yy, = 0.24
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CEvNS

Z' signal ratio compared to SM

Using Fv z(y) = Fv n(y) the signal ratio compared to the SM becomes

Zdnw V2CHN(CE +2C8) + Z(2Ck + c@)] \° /
Ay [N—(1—4sm Ow)Z]Grm?(y + m%,/m?2)

for B — L model this reduces to

- V282, (N + 2) ’
[N — (1 —4sin? 0w)Z]Grm2(y + m%,/m2)
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Neutrino flux from
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CEvNS

Detector
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Statistics

Backgrounds and
systematics

Summary and
conclusions

Current limits on B-L model from Atzori Corona et al (2202.11002):

gz <5 x 1072 for mz = 0.017 GeV
- will use this a reference model/parameter value

B — L vector boson _
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The propagator > > affects the shape of the spectrum
y + m% /my

Ex: B-L model with gz =5 x 107° for mz = 4.25,8.5,17,34 MeV

Ratio: Vector SM + Z' to SM for different MZP

dr/dy
10} — 17 MeV
s — 34 MeV
— 8.5 MeV
— 4.25 MeV
1
0.5 ; , y
0.01 0.02 0.05 0.10 0.20 0.50

note: independent of nuclear mass



Signal ratio when integrating over 0.01 < y < 0.31
CIN(CE +2C8) + Z(2C“ + C@)]

[N - (1 — 45sin? HW)Z]

Effective couplings: Cf =
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CEvVNS light 2’
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Detector considerations

Germanium detector as an example (inspired by Dreden-Il exp)

Quenching factor: conversion of nuclear recoil to ionisation signal
Yion = Q(y)y

Quenching factors Quenching factors
oQ(y)
.4

Q(y)

0.20
— Lindhard + Mod 02

0.35
0.30
0.3
023 — Lindhard k=0.157 \_/

ToY = En/(82.5 keV) o1 0005 0010 0,050

0.2 0.4 06 0.8

Modifications added to span uncertainties at small recoil energies
Threshold ~ 800 eV = y = 0.01

0.100

y = En/(82.5 keV)
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Detector considerations, cont'd

The detector resolution
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Statistics

N,
Flux factor mipor assuming 5000 hours per year of beam on target

472
Far, L=25m

Parameter Low Med High
Beam energy [GeV] 0.84 0.84 2.0
Yeild r 0.08 0.08 0.3
Power [MW] 0.80 2.0 5.0
Npot [year—1] 1.1x108®  27x10%8 2.7 x 10?3
Time in years 1 3 3

Flux factor [GeV?] | 43 x 1071 3.2x10713 12x 10712

Also assuming Myarget = 20 kg
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Number of events in HighFar scenario

JF1 Recoil spectra: Vector SM + Z' and SM for different BM
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Backgrounds and systematics
Backgrounds
@ Reducible: neutron induced nuclear recoils
e prompt
e ambient - here the duty factor helps

@ Irreducible
e Standard Model
Neutron background at L = 25 m with 50 cm polyethylene neutron moderator

Recoil spectra: SM and Neutron induced
dn/dy

1

— SM
o100 — Neutron
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0.001
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Based on C. M. Lewis (PhD thesis U Chicago) (rescaled Csl to Ge)



Backgrounds and systematics, cont'd

LUND Systematic uncertainties
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@ neutrino flux - uncertainties in r - assume 10 %
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CEVNS light 2 @ quenching factor
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QF2/QF1 Ratio of Ratios: Vector SM + Z' to SM for B-L QF2/QF1 Ratio of Ratios: Vector SM + Z* to SM for B-L

dr/dy e dr/dy e
115 115
110 110
1.05 — Bl s — B-L
1.00 1.00
Backgrounds and 093 0.05 0.10 0.15 020 0.25 0.30 Yrec 0% 0005  0.010 0050  0.100 Yrec

systematics

@ small for ypoc > 0.02
@ up to 15 % at threshold y;ec = 0.0024 (0.200 keVe)
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Resulting ratio to SM

Smeared QF1 Ratio: Vector SM + Z' to SM for different BM
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Summary and conclusions
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dohan Rathsman CEVNS very promising for finding light Z’ gauge boson
For mz: ~ 20 MeV the shape could also be used

Current limits allow for a factor 2 up or down compared to SM cross-section

Currently systematics limiting factor

few percent statistical uncertainty possible to reach with 5 MW

Summary and
conclusions
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