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What does "low energy" mean?

Here, few to few tens of MeV
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Zooming in on source fluxes in this regime
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Neutrino Interactions with matter in the SM

Charged Current (CC) Neutral Current (NC)

U d 4 q

\/ \.//
W~ + Z0 +

Cares about n flavor _
Y lepton in final s layergblind
has same flavor as n

(must be kinematically allowed)




Low -energy neutrino interactions
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Low -energy neutrino interactions

Electrons

Protons
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Low -energy neutrino interactions

Electrons

Protons

Nuclel
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Neutrino Interactions with Nuclel
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Cross sections In this energy regime
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Neutrino interaction signals in the few to few-tens of MeV range
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Coherent elastic
neutrino -nucleus scattering (CEVNS)

'~

A neutrino smacks a nucleus : 70
via exchange of a Z, and the

nucleus recoils as a whole; /\
coherent up to E ~ 50 MeV A

A
Nucleon wavefunctions
Incoming neutrino Recoiling nucleus In the target nucleus
L — ; ]
are in phase with each other
. | at low momentum transfer
Outgoing neutrino
For QR<<1 , [total xscn] ~A? * [single constituent xscn]

Image: J. Link Science Perspectives A: no. of constituents



do
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G2M

2T

weak
nuclear
charge

MT

E.: neutrino energy
T. nuclear recolil energy
M: nuclear mass
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Q = a (2 M T):
momentum transfer

Form factor: F=1 C full coherence
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The cross -section
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Large cross section

due to tiny nuclear recoll energies:

Recoil Energy T [keV]

150 1

100 1

N
)

Nuclear recoil energy spectra

do ~ G%‘M Q%/VF2(Q) <2_ %)

dT 2 4

Argon (Ar) Germanium (Ge)

20 40 60 20 40 60
E, [MeV] E, [MeV]

Few to ~tens of keV recolls

Cesium (Cs)

E, [MeV]

In the regime

where CEVNS dominates. E,<~ 50 MeV

(by neutrino standards) DUt hard to observe

103
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The onl scattered
g @ neutrino

experimental
sighature:

tiny energy
deposited

by nuclear
recolls in the
target material

recoils
deposited energy

C WIMP dark matter detectors developed
over the last ~decade are sensitive
to ~ keV to 100s of k e V
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CEVNS as a signal
for signatures of new physics
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for signatures of new physics

direct detection
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CEVNS cross section in the Standard Model

do GZM _, ) ) T\* s g MT
7= (@) |(Gv +Ga)" + (Gv —Ga) (1_E—u —(G% -G )E2

E.. neutrino energy

T. nuclear recoil energy

M: nuclear mass

Q = & (2 M T): momentum tran

Gy, GA: SM weak parameters

vector Gy = '?VZ «‘ dominates
axial G = _qf’,l(& - Z_)+g%(N d small for
most
@ — nucleil,
gy = 0.0298 zero for
g% = —0.5117 .
7 — 0.4955 spin-zero
g% = —0.5121. .




do  G%M\Q%,

ar ZW/ZTFQ(Q) <2 jg)

nuclear physics in here,
with ~percent uncertainties

SM electroweak
INn here

Qw = (1 — 4sin?0y)Z — N

0.6

0.4}

A In the context of the SM,
measure sin?q,, at low Q

0.2

0_

A Look for anomalies in rate, B R I T
. . . Q (MeV)
N or Q distribution X Bi _
to search for BSM Bigger suppression for

for larger Q and
larger nucleus



Non-Standard Interactions of Neutrinos:
new interaction specificto nd s

G ) ) )
L0 =—=2 N [T (1 — 7)) x (2507, (1 — 7°)a] + €2 [g7. (1 + 7°)q])

V2 =,
Csl

a’ﬁ=e7l"l”7—

Iftheseeb s ar e
~unity, there is

a new interaction

of ~Standard-model
Size... many not
currently

well constrained

For heavy mediators,
expect overall scaling
of CEVNS event rate,

New n.-u quark interaction

—_—

3 ~05 o 05 _
New n,-d quark interaction % depending on N, Z
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Non-Standard Interactions of Neutrinos:
new interaction specificto nd s

nsi_ GF
L)y =———

New n.-u quark interaction

¥ -0.5 o0 05 1
New n.-d quark interaction <

Iftheseeb s ar e
~unity, there is

a new interaction

of ~Standard-model
Size... many not
currently

well constrained

For heavy mediators,
expect overall scaling
of CEVNS event rate,
depending on N, Z

Observe less or more CEVNS than expected?

...could be beyond-the-SM physics!
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Other new physics results in a
distortion of the recoil spectrum (Q dependence)

BSM Light Mediators

Effective weak charge in presence
SM weak charge

of |l i ght wvector medi a

3g? . 3g° ’
o= (20 4 N o) (o e i)
2su = (29} + Ngy)" » Qapist = '5’1’ a\f:ac;-r(@'z—.ug-u) T VEGH (@ + ME)

specific to neutrinos
and quarks

e.g. arXiv:1708.04255

Neutrino (Anomalous) Magnetic Moment 2 A vIE0E B5R0E

<da)  moPplz? (1—T/E,, N T ) Specific ~1/T upturn

dT m2 T 4E2 at low recoil energy

Sterile Neutrino Oscillations PSL(B)— 1 — sin® 20, (AL)

--------- 1E,

ATrueo di sappe ar-depeadent @ distortionb aes. erXivi 151102834,
1711.09773, 1901.08094
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What can we learn about nuclear physics with CEVNS?

Stopped-p spectrum
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P S Amanik and G C McLaughlin 2009
J. Phys. G: Nucl. Part. Phys. 36 015105

K. Patton et al., Phys.Rev. C86 (2012) 024612

Observable Is
recoll spectrum shape

(Q-dependent suppression)

Illlllll\llllllll

Q‘hargc

e Experiment

~— Rgin=0.176 fm
— Rin=0.207 fm
— Rin=0.235 fm
— R;y=0.260 fm
— Rin=0.286 fm

Ill‘l!lllllllllllllllllll]lll T
lllllllllllllll[llllllllllllll

e (Ve v B B

=) 2 4 6 8 10
r(fm)

. ) 24
J. Piekarewicz



So: if you are hunting for BSM physics
as a distortion of the recoil spectrum
@ uncertainties in the form factor are a nuisance !

There are degeneracies in the observables between
Aol do (but stil]l mysterious) ph

At current level of precision,
form factor shape is not a dominant effect
... but we will need to think carefully about
how to disentangle these effects for the longer term
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Neutrinos from nuclear reactors

n energies up to
several MeV

A n.-bar produced in fission reactions (one flavor)

A huge fluxes possible :~2x102° s'1 per GW

A several CEVNS searches past, current and future at
reactors, but recoil energies< keV and
backgrounds make this very challenging
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Events per energy (A.U.)

Both cross -section and maximum recoil energy

Increase with neutrino energy
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Stopped -Pion ( pDAR) Neutrinos

= -
L 0.035—
0.03 E_ EFF {dE|E}'Ed]
- —V, (delayed)
0.025F — v, (prompt)

0.02}
0.015F

0.01}
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Neutrino energy (MeV)

PROMPT

4 i 3-body decay: range of energies
n — € + @ between 0 and m_{2
DELAYED (2.2 rs)

7-(-"" —> ,u_l_ —I—@ 2-body decay: monochromatic 29.9 MeV n_
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Stopped -Pion Neutrino Sources Worldwide
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Comparison of stopped-pion n sources

prompt n,,flux
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Spa"ation NeUtron Source Oak Ridge National Laboratory, TN

Proton beam energy: 0.9-1.3 GeV
Total power: 0.9-1.9 MW (increasing)
Pulse duration: 380 ns FWHM
Repetition rate: 60 Hz

Liquid mercury target

The neutrinos are free!
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The COHERENT collaboration

http:// /coherent
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COHERENT in Neutrino Alley
at the ORNL
Spallation Neutron Source




Siting for deployment in SNS basement View looking

down ANeutr
(measured neutron backgrounds low,
~ 8 mwe overburden)
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Measurements in 3 targets from COHERENT
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Example physics interpretations from
COHERENT Csl CEVNS

Phys.Rev.Lett. 129 (2022) 8, 081801 - e-Print: 2110.07730 [hep-ex]
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WMA and Neutron Radius from COHERENT Csl data

R, (CsD=5.47); fm sin®0p=0.23970003 ¥ nin= 85.2

COHERENT combined

W/APV result
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COHERENT measurements

SWpredoton ; Three down!

FF = unity

o But still more

Cross section (107" cm2)

o
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Ongoing CEVNS in Neutrino Alley

More Ge 10 kg
running cryo-
: w/ full 18 kg
750-kg single Csl
phase argon
2.4 t Nal[Tl]

(... and more inelastics)



