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Particle scattering




Chadwick 1932: discovery of neutron

 alpha + Be9 -> C + x (production)

lonization chamber:
detection of particles

Nobel prize 1935

X+ A->x + A (detection)

1GeV/c2*0.1c~ 10 fm

and (coherent) strong interaction!



Coherent elastic neutrino-
nucleus scattering (CEVNS)

Quantum mechanics: 200 MeV ~ 1 fm
So MeV neutrino cannot resolve nucleons in nucleus

N=num neutrons

scatte.red Coherent effects of a weak neutral current
neutrino

Daniel Z. Freedman
Phys. Rev. D 9, 1389 — Published 1 March 1974
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If there is a weak neutral current, then the elastic scattering process v + A — v+ A should have a
sharp coherent forward peak just as e + A — e + A does. Experiments to observe this peak can give E
A

important information on the isospin structure of the neutral current. The experiments are very difficult,
—38 A MAX
FIG. 1. Recoil-energy spectrum of the struck nucleus 4 in

elastic neutrino scattering.

although the estimated cross sections (about 10 em? on carbon) are favorable. The coherent cross

“ sections (in contrast to incoherent) are almost energy-independent. Therefore, energies as low as 100

Secondary MeV may be suitable. Quasi-coherent nuclear excitation processes v + A — v + A* provide possible 2

l'eCO“S tests of the conservation of the weak neutral current. Because of strong coherent effects at very low E_'A — (E /1 MeV )2 kev

scintillation energies, the nuclear elastic scattering process may be important in inhibiting cooling by neutrino
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emission in stellar collapse and neutron stars.
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“Application”

PHYSICAL REVIEW D VOLUME 31, NUMBER 12 15 JUNE 1985

Detectability of certain dark-matter candidates

Mark W. Goodman and Edward Witten
Joseph Henry Laboratories, Princeton University, Princeton, New Jersey 08544
(Received 7 January 1985)

We consider the possibility that the neutral-current neutrino detector recently proposed by
Drukier and Stodolsky could be used to detect some possible candidates for the dark matter in galac-
tic halos. This may be feasible if the galactic halos are made of particles with coherent weak in-
teractions and masses 1—10° GeV; particles with spin-dependent interactions of typical weak
strength and masses 1—10? GeV; or strongly interacting particles of masses 1—10" GeV.

In this paper, we will calculate the sensitivity of the
detector considered in Ref. 5 to various dark-matter can-
didates. Although this detector is not very sensitive to

For a 100 GeV dark matter, v=1/1000c, p=100 MeV/c, A~10 fm
So coherent scattering with nucleons inside nucleus!
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Low Hanging Fruit?

Trotta et al. CMSSM 95% c.1.
[Totta et al. CMSSM 68% c.]
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CJPL-II: National Major Facility
(2024-now)
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article strophysical Xenon observatory
Collaboration formed PandaX-| started PandaX-Il, 580 kg operation

PandaX-| apparatus PandaX-I, 120 kg PandaX-4T
moved to Jinping operation moved to CJPL-II
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Dark matter:

Nuclear recoil
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y background:

Electron recoil

S1

- Dual-phase xenon time N

projection chamber (TPC)

Detector capability:

3D reconstruction
and fiducialization
Good ER/NR
rejection
Calorimeter
capable of seeing
a couple of
photons/electrons
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PandaX-Il (2015-2019)
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2018.4 water tank 2019.8 PandaX-4T 2020.5 liquid xenon 2020/6-2020/11
construction mstllatlon | filling mteqratlon tests

42020/06/13 00:16:02




Data taking interleaved with =

surgerles and lab construction

2020/11-
2021/04

2021/07-
2021/10

2021/11-
2022/05

2022/09-
2023/12

2024/01-
2024/07

Current
status

Activity

commissioning (RunO)
95 days

tritium removal
xenon distillation, gas flushing, etc.

physics run (Runl)
164 days

CJPL B2 hall renovation
Xenon recuperation, detector
upgrade

resuming operation

Shutting down on April 15, 2026
(Run2)




Background: toughest battle

RunO# /Y S 2B 5 R i
Run1# #9525 5l . 1%
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20 atom/kg => 2 atom/kg of xenon ¢

7 3H , Strillion/kg of water

Similarly: 8°Kr ~ 10 atom/kg, 2?°Rn ~ 1 atom/kg in xenon
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Low mass DM detection .

techniques

Atomic inelastic scattering: accessing full lonization-only (S2-only in LXe)
DM KE-binding. Essig, Mardon, Volansky,
PRD 85, 076007 (2012) 21



Number of electrons
6 8 10

—— DM-n 3 GeV/c?
DM-e 200 MeV/c*(Fpar=1)
—— DM-e 200 MeV/cX(Fppy~1/g?)
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PRL 130, 261001 (2023)
PRL 135, 211001 (2025)



TS
B8 neutrino CEVNS

* Greatly benefit from S2-only data (~tonxyear)

e Best-fit B8 events: 75+28 (S2 only) and 3.5%£1.3 (S1-S2 paired)

* Reject background-only hypothesis with significance of 2.64c

« PRL 133, 191001 (2024), Editors’ Suggestion

e XENONNT result in the same issue of PRL (191002), similar significance

Cathode
+MD
+'B CEvNS

B16-GS98 prediction

4—| XENONIT

PandaX-4T (2023)

PandaX-4T (paired & US2 combined)

: 10
50 100 Solar 8B v flux [x10%m™2s~1]

Number of electrons (S2) Counts/0.5us
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L Z/XENON latest results

LZ: 2512.08065 XENON: 2604.06002

—e— BIl6-AGSS09met (Low Metallicity) SNO, 2013

XENONNT, 2024
e SNO(2013)

XENONNT, 2026
) (This Work)
LZ (This Result)

] 10 15
8B neutrino flux [10f em—2s—1]

6 8
B neutrino flux [10% cm % ~!]

COHERENT
(Csl + LAr)

SLACEI158 Standard Model
S + ———
Qweak

LZ (This Result) XENONDT 2026

(This Work)

107"
Q [GeV]

q [GeVic]

A platform to study neutrino interactions + astrophysical neutrino observatory



Solar pp neutrino — unique low

E window

OUIXa.10g

pp +'Be (AE)

on Xenon

Count /ton /year /keV

10
Electron Recoil Energy [keV]




Recent release @ Neutrino 2026

« 1.9 ton*year data (Run 2)
 Blind analysis with multi-step unblinding procedure

* arXiv:2607.02405 Systematic uncertainty table (on p)
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Background

Res. [0]




PandaX PRELIMINARY
I T T ] I T T

‘ I
SSM Prediction

Gallium Experiments

Borexino (2521 - y)

i
PandaX-4T Run 0 (0.62 1t -y)

& :
PandaX-4T Run2 (1.91-vy)

l | | J 1 l l |

10 15 20
Solar pp neutrino flux (10'° cm2 s™)




Recent release @ Neutrino 2026

SSM

] Gallium experiments

— Borexino

Combined

Run 0 ‘
m-——._.__
0 2 ! 6
Solar pp neutrino flux [x10'° cm?2 s




"Bigger fish”: Majorana neutrinos

1937, Majorana




130Te/100M o

Doped LS

136Xe (8.9% natural abd.)

LXe TPC




 Particle Experiments vs <

Cosmology

/BB decay limit (90% CL), smallest NME

0vBB decay limit (0% CL), largest NME
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Feature of Natural Xenon

33
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4 This work
9+  KamLAND-Zen
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39.1 kgxyear of Xel36, best fit: 54k events!
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Overall efficiency (Run0)

Overall efficiency (Runl)

1%6%e mass (Run0)

136 e mass (Runl)

2200 2400 2600 2800
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Lifetime

> 2.1 x 10%*year 90% CL

Median sensitivity
2.7 X 10%*year
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Bye bye PandaX-4T!

April 17, 2026



Next future
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PandaX-20/40T @ CJPL
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Transporting Xenon to CJPL




In fabrication
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Veto detector(s) for PandaX-20T

* 10 cm thickness JUNO liquid
scintillator (LAB + PPO +
bisMSB) in acrylic

Neutron Veto Efficiency (%)

0 200 30 4050 containers

 optical simulation: close to
90% neutron veto efficiency,
about 20% gamma veto

* Dark Matter FV
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ion chamber(s)
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Photosensors

« Top and bottom PMT array

design finalized

« Low-radioactivity R12699 PMTs
under production, with delivery
scheduled for 2026

« Assembly and system-level

testing in progress
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TPC 512-channel “=f , DAGEEHERE
dlgltlzers = —

768-channel in PandaXxX-4T CJPL

500 MS/sDigitizers
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3000-channel in TDLI
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Cryogenics and recirculation
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Near future

« 2026.4-6 PandaX-4T decommissioning

¢ 2026.6-12 PandaX-20T infrastructure

construction . | . P ﬂ N D ﬂ H

PARTICLE AND ASTROPHYSICAL XENON TPC

« 2027.1-2027.6 PandaX-20T installation
« 2027.7-2027.12 PandaX-20T commissioning

« 2028.1- Physics operation



Neutrino floor

Inverted MO
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Baseline Scenario

Ideal Scenario

10 10°

10°

10*

WIMP mass (GeV/c?)
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—a— SNO 2013
SSM (HZ) —————t——r
p———t———i SS5M (LZ)

PandaX-xT =

200 t-y

D [ % 10°cm? s

Borexino 2021

55M (HZ)

S55M (LZ)

PandaX-xT

8B neutrino: from indication

to precision measurement

pp neutrino: competitive precision

with low energy advantage

Neutrino magnetic moments: better

than astrophysical observations




PandaX-xT timeline

22 28 24 25 26 27 28 29 36 31 32 33 34 35 36 37

R&D; PandaX-4T
Operation

Staged Xe procurement and detector
upgrades with high live-time

Phase-| 43T

Isotopically separated xenon

5 el v el
= W 9 '

Phase-l| ] ' {15 sl




THANK YOU!




— PandaX-20T: 90% CL Limit
—— PandaX-20T: Discovery 30
— == KamLAND-Zen limit (2025)

Neutrino floor

Half-life Sensitivity [x 1026 year]
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100 10° 10° 4 6 3 10
WIMP mass (GeV/Cz) Exposure Time [year]

FV 13 ton, ROI 1-10 keVee, 99.7% ER rejection FV 2.4 ton natural, 1% resolution




