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CEvNS IN ONE SLIDE

v
/ do

@ protons (2)
@ neutrons (N)

W. Van De Pontseele -

> dr

1 °
4
+ @: momentum transfer
- _ h/q 2 Rnucleus:
all nucleons in phase °

nucleus recoils
T < keV

Ricochet - CPAD 2026, RDC 7

_ GiM - 2 MT N
= S [N —asin’ 02" (1- 75 )F(0)

~N?

Largest v cross section at MeV energies,
flavour-blind, predicted by the SM

Tiny recoil: Tmay ~ 2E2 /M
reactor E, < 8 MeV = Ge recoils < 2 keV

Proposed in 1974 [PRD 9, 1389], observed in

2017 at a w-DAR source [Science 357, 1123], at a
reactor in 2025 [Nature 643, 1229]

Reactor + sub-keV threshold: fully coherent
(F ~ 1), precision & new physics: p,, light Z’,
NSI, sterile v [JCAP 11 (2018) 016]
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SAME SIGNATURE AS A LIGHT-WIMP SEARCH ... A VERY DIFFERENT GAME

log rate wer
A thresholc N — NR dark-matter search Reactor CEvNS
(Ricochet)
Signal unknown my, o SM-predicted, known
flux
Rate < events / kg / yr, O(events / kg / day)
higher for light DM
Site deep underground surface, 8.8 m from a
core
Backgrounds  radiogenic, cosmogenic, cosmogenic n, reactor
: s LEE ~/n, LEE
! heavier WIMP Handle shielding, radiopurity, reactor ON/OFF, p veto,
i T (ER/NR ID) shielding, ER/NR 1D
log recoil energyr Goal discover / exclude precision spectrum

Same observable: a sub-keV nuclear recoil
[J. Billard, HDR 2021]

[ Your neutrino fog is our signal [PRL 127, 251802] ]
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RICOCHET @ ILL: A REACTOR NEUTRINO OBSERVATORY

Technical Cabin
(pumps etc.)

Local

Reactor Cryostat
Crane (1t)

Core 8.8m distance to core & Shielding

Control
Cabin

12.8 evts/day/kg (above 50eV threshold)

X

*Readtor

Ricochet site layout at the ILL

e 58 MW research reactor, highly enriched 2°U; typically three 2-month cycles /
yr = built-in ON/OFF

e 8.8m from the core, 15m.w.e. overburden; 22t passive shielding (Pb, borated
PE, soft iron) + 1 vetoes outside & inside the cryostat

W. Van De Pontseele - Ricochet - CPAD 2026, RDC 7

cryostat in its shielding at the ILL
[PRD 112, 112019]
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WHAT WE ARE LOOKING FOR

e Signal lives below ~1keV in Ge

ame=1.3ev2 e New physics shows up as
_____ Standard Hoce! spectral distortions at the
""" \ lowest energies

Electronic recoils

e Electron recoils > nuclear
recoils
= 0(100eV) threshold
+ ER/NR identification

Event rate [evts/kg/keV/day]

””CIea ” recors

10 107 107

1 10
Recoil energy [keV] . .
Expected CEvNS signal and backgrounds at the ILL; annotations added = CryOgen Ic ca l0r| mete rs

0. Low Temp. Phys. 212, 127] with particle identification

W. Van De Pontseele - Ricochet - CPAD 2026, RDC 7 4/17



WHAT WE ARE LOOKING FOR

e Signal lives below ~1keV in Ge

1 1 e New physics shows up as
spectral distortions at the
................. ., 1 Electronic recoils H
102 : lowest energies

CryoCube e Electron recoils > nuclear
100 Micreg, recoils
s
= 0(100eV) threshold
+ ER/NR identification

goal
~100 eV

Event rate [evts/kg/keV/day]

10 1072 107

1 10
Recoil energy [keV] . .
Expected CEvNS signal and backgrounds at the ILL; annotations added = CryOgen Ic ca l0r| mete rs

0. Low Temp. Phys. 212, 127] with particle identification
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RICOCHET CRYOCUBE




CRYOCUBE: TELLING NUCLEAR FROM ELECTRON RECOILS

: ) NTD (heat)
electrodes (ionization) !

e
Ge, 428 phonon AV
W

Eneat = Er + QTAV Eion (Neganov-Luke)
Q =E;on/Er: ERQ=1 NR Q0.2 heat-only Q=0

NTD

readout

W. Van De Pontseele - Ricochet - CPAD 2026, RDC 7

jonization yield Q

A )
electron recoils
1

CEvNS bands widen
reglor/ and merge
nuclear recoils
~ag Lindhard yield
o
heat-onlv
sketch

- >
recoil energy

Particle ID is the crux: CEvNS lives
below 2 keV, where the bands merge
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CRYOCUBE STATUS: 18 DETECTORS IN PHYSICS MODE AT THE ILL

[R13—14:2—3planar] [ R15: 9 det. ] [R16:full186e ] [R17: FETsdecoupLed] [ Phase | ends

— PRD 112, 112019 4 FID, cryo p veto final electronics — better heat res. end of 2027
L L L 8. L |-
f T T v T T L
2024 2025 2026 now 2027 2028
©  Reactor OFF (fiducial) T ot of range detectors = s e R16 median: 34 eVee
P 55T g resmarer ionization, 62 eVpy, heat
- £ T e v e (best: 27 eVpp)
9 5 )
= o - e FID electrodes reject
5 i
B £ = O surface events — clean NR
5 band
B . ©) B X .
[ a R % - e Vibrations from the reactor
HO o ’ ® o hall: key for the heat
: ’ Recoil ener;y (ke\/l)D " b % 30 L] sc; 70 80 %0 100 T30 channel
Pronon escuton eV
R15, FID detectors, reactor OFF + 252¢f
[Ricochet, preliminary] baseline resolutions, R15 vs R16 ] ] K -
[Ricochet, preliminary » #101 Vibrational Noise in a

Dry Dilution Refrigerator
J. Fisher, Thu 4:30 pm, RDC 7
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BACKGROUNDS: THE REACTOR IS QUIET IN NUCLEAR RECOILS

ON-OFF ..
R ON A igdy| B T EoInEHEREe e pu-coincident NR rate (OFF,
_+ ) Reactor OFF: 3.53 kg-day k<]
1 s s 2-7 keV): 14(3) /kg/keV/day,
q
) g ° | | + ' as predicted by Geanté:
kel £
5 *l 5 - 15(2) [PRD 112, 112019]
~ R o
3 < T : T .
< | _z3 5 1 20 e No significant ON-OFF
g > M/anti-coincidence . . . .
KA 2 excess in anti-coincidence
o # Reactor ON; 1 coincidence i 3 | b 7 keV
1 # Reactor OFF, y/coincid =< apove e
2 |4 nesctoron i anticanddence 2o | by oo
Reactor OFF, p anti-coincidence )
-+ Power law fits § -5
ol Phys. Rev. D 112, 112019, reactor OFF, p coincidence o« .
e 3 : 10 B Reactogenic NR back-

5
Recoil energy [keV] Recoil energy [keV] ground under control: the
NR rates, 2-20 keV, four FID detectors of R15

[Ricochet, preliminary] ON_OFF SUbtraCthI’] WOFKS
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CRYOCUBE AIMS: A FIRST LOOK AT REACTOR CEvNS BY THE END OF 2027

e Reactor OFF (fiducial) PRELIMINAR{ "
Reactor OFF (252Cf) 0. Muan.veto.cu

CEVNS (simulated)

Fiducial ionization energy (keVee)

Threshold today: median 250-300 eV,
= 1.4-1.8 CEvNS/day

Y

Phase | (to end 2027):
7 reactor-ON cycles
= ~1-20 hint

Y

(What limits us at low energy

| ® reactor-hall vibrations & noise

e heat-only events / LEE below ~1keV
e ionization res. — ER/NR & NR/LEE
e cosmogenic neutrons (same signature!)

Y

Phonon energy (keVph)

simulated CEvNS injected into R15 FID data (68/95/99 % contours)
[Ricochet, work in progress]

W. Van De Pontseele - Ricochet - CPAD 2026, RDC 7

Phase Il (ANR-funded since fall 2026, data
2028-2031): CryoVeto + Si + improved

ionization (goal 20 eVee) = 4-70 (Ge+Si)
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NEXT STEP: CRYOVETO

e lonization readout,
n threshold ~250 eVee

9 Ge, 42¢g o
< e Anti-coincidence tags

neutrons (multiple scatters)
and ~4's

] [ sketch, not to scale| o 8 x 800g Ge (EDELWE|SS

ir FID800), between the two

_ |

. d 9&% 9 Ge, 428 CryoCube layers at 10 mK
g e
wy e Each crystal is heavier than
: ;ryg\égtoG the whole CEvNS payload

x800g Ge
|

multi-hit R
= vetoed single NR = kept ¥~

v

Geant4 geometry
[Ricochet,
design in progress]

G. Soum-Sidikov, Ricochet poster
[Ricochet, work in progress]
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NEXT STEP: CRYOVETO A GERMANIUM CRYOGENIC VETO (PHASE Il, ANR-FUNDED)

e 8 x 800¢ Ge (EDELWEISS

P!
i~ — 20 FID800), between the two
. 3 , —— NR&usual cuts CryoCube layers at 10 mK
q i 10 + CryoVeto anticoinc. cut
;8 3 ——— Signal CE VNS : e Each crystal is heavier than
= 2 Sy PRELIMINARY the whole CEvNS payload
4 R S
-~ 3 " Lo - e lonization readout,
2 f s threshold ~250 eVee
T s o o
2 ' e Anti-coincidence tags
1o \ i neutrons (multiple scatters)
107 1 10 ’
Recoil Energy [keV] and~'s
. e Simulation: cosmogenic NR
cosmogenic NR background with and without the CryoVeto, simulation

Geant4 gs-f)mel(y [Ricochet, work in progress] halved, reactogenlc n NR
[Ricachet, —20-25%, CEvNS
design in progress] . .
significance +25%

G. Soum-Sidikov, Ricochet poster
[Ricochet, work in progress]
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WHAT CAN THE FUTURE HOLD?




BEYOND PHASE Il: THREE DIRECTIONS WE ARE EXPLORING

Lower thresholds & more channels
for reactor CEvNS and light dark matter

/"\

1. Smaller absorbers 2. Read out many sensors 3. Know the energy scale
lower threshold <« lower mass: microwave SQUID multiplexing: nuclear-recoil calibration
eV-scale pixels, many of them one coax line, many TESs at tens of eV

NIST Sidecar platform at Mines Al pMUX - QICK readout implanted ”Be, pioneered by the

BeEST collaboration

g — mg pixels
feedline 576y

~am— 00000 A

W. Van De Pontseele - Ricochet - CPAD 2026, RDC 7 10/17



1. LOWER THRESHOLD <> LOWER MASS

sketch absorber, one of
“ube membrane, Cry
i mounted .
40 — — [ thick film AU pad
g 5 deposited Cond
S <mm L
Si square
mm ~mg DRIE, wafer % G
k.1 Giink, 2
Cabs TES 1 TES 2
Cres,1 Cres.2
Gp Gop
or x TvRgC, C o mass
Bath Tp

better resolution, lower threshold

thermal readout of a small absorber through a gold pad on a membrane, two TESs per pad
>

more pixels for the same mass e Thermal: absorber on a Au pad, TES link defined
lithographically — NIST Sidecar, next slide

e Athermal: collect phonons before they thermalize

eV-scale resolution means many small pixels
= multiplexing is not optional

» #56 Modeling and Design of HONEYCOMB
E. Figueroa-Feliciano, today 3:20 pm, this session

W. Van De Pontseele - Ricochet - CPAD 2026, RDC 7 11/17



NIST SIDECAR: A FIRST PROTOTYPE AT MINES IN COLLABORATION WITH NIST BOULDER

32-channel uMUX chip
Mo-Au TES

inductor and
shunt chips

gold pad

wirebonds

- link
24-pixel Sidecar chip: SiN membrane Sl

4 TES sizes x 2 pad sizes

concept: a target cube on every Au pad (render)

our first test chip and 32-channel pMUX, assembled at NIST, Sept. 2026

Any target: Ge, Si,
superconductors; implanted
before mounting

e 24-pixel test chip: 4 TES sizes x 2 Au pads, read out by a
32-channel uMUX

e Next: first cooldown at Mines; °Fe & laser; then target cubes

e Risk: cube-pad heat link
on the pads

Fix: electroplate the absorber, up
to 40 upm

W. Van De Pontseele - Ricochet - CPAD 2026, RDC 7 12/17



2. MULTIPLEXED TES READOUT

V8o (oo Hz)

lux bias

RF feedline

}_

—— HEMT-only
—— TWPA-enabled

Frequency (Hz)

flux-ramp noise, with / without JTWPA

W. Van De Pontseele - Ricochet - CPAD 2026, RDC 7

Resonator
termination

r RF SQUID
Flux bias

Input coil

200 um

(a) chip, (b) one channel, (c) coupler, (d) rf SQUID

e 6-channel aluminum pMUX for Ricochet TES readout
e Flux ramp: 24-33 pA/+/Hz at the TES input
e JTWPA as first stage: Tgys 3.6 K — 0.6 K

J. Yang, W. Van De Pontseele et al. (Ricochet),

Supercond. Sci. Technol. 39, 105010 (2026)
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https://doi.org/10.1088/1361-6668/aeaa8f
https://doi.org/10.1088/1361-6668/aeaa8f

ON AN OPEN-SOURCE RFSOC: QICK

IN COLLABORATION WITH FERMILAB

e AMD ZCU216 RFSoC in a QICK box
16 DACs at 9.85GS/s, 16 ADCs at 2.5GS/s

e Open source (Fermilab), widely used for
qubit control & readout [RSI 93, 044709]

e Building on a QICK-based MKID readout

e Regular meetings with the Fermilab QICK
team and the NIST uMUX group

Goal on one board: tone generation,
resonator tracking, flux-ramp de-
modulation, pulse reconstruction

W. Van De Pontseele - Ricochet - CPAD 2026, RDC 7

our QICK box in the lab at Mines

Averaged modulation period | 5509.0 MHz In-Phase Versus Quadrature

100
75 5
50 50
25 ¢ /" 25
00l 7 \ o oo #*
\ 25
-25 \
\ 7 50
50 {— \ /
/ 75
q N /
<15 1 — Bt + leskage pa— _100 4%
o 2 a 6 ] 1

Time within one modulation period (us)

first multi-tone loopback test: demodulated tone over one modulation period
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READOUT ON AN OPEN-SOURCE RFSOC: QICK IN COLLABORATION WITH FERMILAB

2199

e AMD ZCU216 RFSoC in a QICK box
16 DACs at 9.85GS/s, 16 ADCs at 2.5GS/s

e Open source (Fermilab), widely used for = JELILITLS
qubit control & readout [RSI 93, 044709] 3

e Building on a QICK-based MKID readout

our QICK box in the lab at Mines

e Regular meetings with the Fermilab QICK
team and the NIST pMUX group

» #95 Time-Domain Simulation of Microwave SQUID
Multiplexers

Goal on one board: tone generation, L VRATE, Uil 220 i, R T
resonator tracking, flux-ramp de- -
modulation, pulse reconstruction

» #97 SMURF and SPECTRA: Scalable
Superconducting-Sensor Readout
Z. Ahmed, Thu 3:20 pm, RDC 4

W. Van De Pontseele - Ricochet - CPAD 2026, RDC 7 14/17



3. NUCLEAR-RECOIL CALIBRATION AT TENS OF EV

IN COLLABORATION WITH

reactor CEvNS in Ge

"Be L-GS
57eV NR
NR Jarm
9.6 eV NR I
' r » E
Tev | )ev )ev TkeV | 10 keV
ER I
laser 37Ar M 71Ge Ge  SFe
photons  ~20ev M L

sketch: line energies to scale, heights not

e Sub-keV NR energy scale relies on neutron
calibrations & quenching models

e Mono-energetic NR lines below 100 eV are rare

W. Van De Pontseele - Ricochet - CPAD 2026, RDC 7

~ pure "Li nuclear recoil

Counts/0.2eV

Residuals/\N

0 50 100 150
Energy [¢V]

7Be EC in Ta STJs, BeEST collaboration; annotation added
[PRL 125, 032701]

Plan: implant ’Be into a Sidecar target cube
— an internal 57 eV NR line in the CEvNS
region

[ » Next two talks: NR calibration with neutrons J
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ROADMAP & SUMMARY

2024 2025 2026 2027 2028 2029 2030 2031
CryoCube - Phase | | v
Commissioning R13-R15 | [N

Science run, 18 Ge (R16—) —~1-ZU

Phase II: ANR funding
Phase Il data: CryoVeto + Si — 470 |

v

R&D at Mines
NIST Sidecar prototype oo
Al uMUX — QICK readout LT,
NR calibration with "Be S
now
e CryoCube: 18 Ge detectors in physics mode, e Beyond: segmented pixels (NIST Sidecar),
~35eVee | ~60 eVpy; reactogenic NR background multiplexed TES readout (Al uMUX, QICK), NR
under control calibration at 57 eV (BeEST)
e CryoVeto + Si (Phase I, ANR-funded) e All Ricochet papers:
— 470 CEvNS ricochet-experiment.github.io/publications

W. Van De Pontseele - Ricochet - CPAD 2026, RDC 7 16/17


https://ricochet-experiment.github.io/publications/

JOIN US: QUANTUM TECHNOLOGIES AT THE SENSITIVITY FRONTIER

( )

We are hiring a postdoc!

At the intersection of
e BeEST: ST sensors, 'Be electron capture

e NIST TES sensors & calorimetry
(Sidecar)

e uMUKX tests & RFSoC (QICK) readout

the group, underground at CURIE (Edgar Mine)

» CURIE status: L. Wanner, Wed 12:45 pm, Facilities

Superconducting sensors & readout for Surface & underground (CURIE) cryogenic
a rare-event physics: CEvNS, uMUX, TES, platforms; close links to NIST, MIT, Fermilab,
TSE STJs, quasiparticle & phonon physics, )
QT underground R&D at CURIE LLNL and Queen’s.

Talk to me this week, or email E E
woutervandepontseele@mines.edu 1

gtsf.mines.edu E

&
Rismener BT v A MINES
CURIE

W. Van De Pontseele - Ricochet - CPAD 2026, RDC 7 17/17
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Thank you!

Questions?

the Ricochet collaboration



Backup



BACKUP: THE CRYOCUBE PAYLOAD & COMMISSIONING DATA

NR rate, 2-7 keV [/kg/keV/day]

OFF, p-coinc. 14(3) (sim. 15(2))
ON, p-anticoinc. < 9(90%CL) (sim.5)

planar detectors, R14
[PRD 112, 112019]

mini-CryoCube on the 10 mK stage
[PRD 112, 112019]

e 30eVee ionization resolution
demonstrated [EPJC 84, 186]

Reactoron  « 252Cf RICOCHET RED167

e Commissioning paper: PRD
112, 112019 (2025)

lonization yield

= TP 18-detector CryoCube
[Ricochet]

3 g 10
Recoil energy (keV)
R14, planar, reactor ON + 252t
[PRD 112, 112019]

W. Van De Pontseele - Ricochet - CPAD 2026, RDC 7



BACKUP: SUPERCONDUCTING ABSORBERS & QUASIPARTICLE MODELING

© BkgQP
—> QP
D PH.
PH.,

down-conversion cascade in a superconducting
absorber
M. Li, ASC 2026]

Sn cube with Au collection pads, direct contact vs. SiO, barrier

Amplitude (arb.)

Two-component template fit - CH3 (x2 = 0.360)
—— Average template
—=- Total fit

-+ Fast component
Slow component

trigger zoom

T35 oo 25 so 75 100 1s

-20 60

o 20 40
Time from trigger [ms]
two-component pulse fit, direct-contact dataset

M. Li, ASC 2026]

W. Van De Pontseele - Ricochet - CPAD 2026, RDC 7

Gap 2Ag, = 1.13meV vs. ~eV in
Ge: ~10°x more quanta

Direct Au contact: fast + slow
pulse components

SiO; barrier: no fast component
= fast part from quasiparticles
entering the pad

Cascade simulation (work in
progress): fast/slow partition vs.
energy, pad geometry, recoil type



BACKUP: DIELECTRIC VS. SUPERCONDUCTING ABSORBER

Dielectric (Ge) Superconductor (Sn, Zn, Al)
. nucien quasiparticles
)
x 600

Eq = 0.67eV smaller gap * 2Agn = 1.1meV = Cooper pairs mm———
valence quasiparticles

gap not to scale

e~ 3eVpere h' pair ~T1meV per quasiparticle

W. Van De Pontseele - Ricochet - CPAD 2026, RDC 7
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