TESSERACT

TESSERACT @LSM

A new generation light dark matter search cryogenic experiment
underground in Modane

The Modane Underground Laboratory
The Direct Dark Matter Search

S. Scorza (LPSC) The TESSERACT Experiment
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“1sm_ Ne Modane Underground Laboratory 3

Jnderground facilities provide
Unigue environments for
astroparticle and multidisciplinary
research with the main feature to

0e the overburden protection from
cOoSMic-ray muons

he LSM is a French Nationa .
Research Infrastructure |

e Experimental site midway In the

13km France/ltaly highway road
tunnel

FRANCE ITALIE

e Surface lab (office, garage, small

Y o~
MuUSeum)
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ZismnThe Modane Underground Laboratory 4

Guo et al., arXiv:2007.15925v?2
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Since 1983, large corpus of measurements of various
L SM backgrounds by experiments

* Muons: total flux (4.5 y/m2/d), and angular map
[Rhode, PhD Thesis (Ruppertal, 1993) + Schmidt et al, Astrop. Phys. 44
(2013) 28]

- High-energy gamma rays.

Ohsumi et al, NIMA 482 (2002) 832]

* Fast neutrons (1.6x10-6 n/cm?/s )

Armengaud et al, Astrop. Phys. 47 (2013) 1]

- Thermal neutrons

Rozov et al, BRAS 74 (2012) 464; arXiv:1001.4383]

*Radon (~15 Bg/m3)

Hodak et al, J. Phys. G 46 (2019) 11 + E. Armengaud et al, JINST 12

(2017) PO8010]
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— Screening and Material Assay Platform

Wide-range program for Astroparticles, Earth Sciences (sediment and ice core sample datation),
environmental safety (CEA), biology, etc...

HPGe Obelix at LSM

e HPGe gamma spectroscopy
e Alpha surface contamination via the XIA-UltraLo1800 counter

o Commissioning at LPSC (surface cleanroom) " "
e Material assays for experiments based at LSM (SuperNEMO, N /
EDELWEISS, CUPID-Mo, DAMIC-M ), and also for other
experiments (ex: JUNO, RICOCHET) 4
e Agreement with LNGS for long term (~ year) measurement of | 7 B
ECEC decay of 82Se (6 kg) to excited state on large (600 cc)

Obelix HPGe.
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/1em Screening and Material Assay Platform

Wide-range program for Astroparticles, Earth Sciences (sediment and ice core sample datation),
environmental safety (CEA), biology, etc...

IRSHN

e Pluri-disciplinary program open to academic and 100000 |45
industrial users and partners

e Covering very lowest-rate background end of o S
thelr measurements

o France: IRSN, CEA, CENBG, IP2l, LSCE
(Université Paris-Saclay, CEA, CNRS),

CDYTEM (CNRS, U. Savoie Mont-Blanc)

* [nternational:UTEF Prague and SURO (Czech

Republic)

1000

Orsay

¢

Background count rate (d-1.kg Ge) on 30-1600 keV

*
100 ¢

C & O O & & L O 0 @ & 0 AL L D & o &
W7 57 DT QT QL 6;»5‘?0 & QTS SR

<
&

Detector

Grenoble Alpes  UGA

@ I:PSC UGA |INP | PNHE Seminar - 2025 01 13 @



/<~ Screening and Material Assay Platform

Footprint optimization for HPGe screening detector:

More efficient use of space
Shielding optimisation
Ease of operation (LN2 refill)

HPGe measurements at LSM

1400
1200 m # Samples Low background
lead

2 1000

Ancient lead

# measured samp
(o))
o
o

400
200
0 HPGe Dewar LN,
2017 2018 2019 2020 2021 2022 2023
Year

Umversnté
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fem Screening and Material Assay Platform 9

Footprint optimization for HPGe screening detectors

e 25 detectors in hands at LSM
e 15 installed in PARTAGe
e 5 detectors belonging to LSM
e ~1000 samles/ ear

Robatell outer lead shield First PARTAGe detegtor |

4 GRENOBLE
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Science programme adapted to LSM size: 5 m
e | ow-mass Dark Matter Experiments
e OvBB demonstrators & technologies

e HPGe array for low-radioactivity

SM Science Program 10

Germanwums Room

(Transfer to PartaGe
area underway)

Current experimental activities e
Experiment Focus Technology Activities in 2024
SuperNEMO 0Ovig Tracking- Commissioning and final shielding installation are
calorimeter ongoing. Physics data taking from summer 2024,
BINGO Ovig Cryogenic Cryostat integration underground. Commissioning in
summer 2024.
Obelix 82Se ECEC2v Ge ionisation Counting of 6kg enriched 82Se sample from LNGS
started in January 2022: ECEC2vu to excited states. (IEEER
Renewal of agreement in fler. DAMIC-M SuperNEMO
TGV ovieg Ge lonisation Detector upgrade delayed. 1ka' Si
9 Detector under o
DAMIC-M DM SiCCD 1«::; :rf\rzg;bgrestrxo;:rrgg 212 2022. Installation of kg- 2025 commlssmnlng \
| - | N R
MIMAC DM TPC Detector upgrades with commissioning planned in
2025. o 4

Wm
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@ The Dark Matter Challenge

TESSERACT =

T I I
150 —
<100 -
4] AN
£
&
= 0/
50 //
i disk
,IJ gas
!
0 L [ | 1
0 10 20
Radius (kpc)

Rotation Curves Motion of Galaxies in Galaxy
Clusters clusters

Side view

Supernovae la Big Bang Microwave
nucleosynthesis Background

LPNHE Seminar - 2025 01 13

GRENOBLE | MODANE



I The Direct Dark Matter (DDM) Search Domain 4

TESSERACT
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\m - The Direct Dark Matter (DDM) Search Domain 4,

TESSERACT
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I The Direct Dark Matter (DDM) Search Domain 4

TESSERACT
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TESSERACT

Qﬁﬂ The Direct Search Principle 13

Detection of the energy deposited due
to elastic scattering off target nuclel

DM Particle  Target Nucleus WIMP

from galactic halo in laboratory Elastic collision

v~220 km/s v~0 km/s | Or
Er~30 keVr

o
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IMJ Basic Questions "

TESSERACT

Direct Dark Matter searches are simple: just look at a large number of nuclel ano
see If any of them recolils due to a hit-and-run collision with a DM patrticle, but

® How many such events can we expect per unit time and per number of target
nuclei’?

® How big is the kinetic energy involved in such collisions?

® \\Vhat is the fake rate and how can we reject it”?

o
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] The Interaction Rate e

TESSERACT

Goodman & Witten (PRD 1985)

al? I 00 f(0) 3
— F°(E, d
dE,  2m2m, (Er) o v

F(ER) ~ exp (_ER mn R(Q)/g) “form factor” (quantum mechanics of
interaction with nucleus)

A M N
My = “reduced mass”
mX +my
_ —v / f1 integral over local WIMP velocity
’ Umin distribution
Vimin = \/ER mN/(Zm,%) minimum WIMP velocity for given Er

o
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] The Interaction Rate "

TESSERACT

-3 10 Zb WIMP on Ge
1 x 10 ! ! ! Goodman & Witten (PRD 1985)

mass = 10 GeV dR 1 | —
ogh b ..................................... .................................... _ __ go F2 (E,) po / f(v) d3’U

dR/dE [kg keV d ]

émass =30 GeV

0 10 20 30 40
E [keV]
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2 The Interaction Rate

17

TESSERACT
Expected Measured
102 Dark Matter Spectrum Banana Spectrum
1 ! | ! -
Hoeling et al Am.J.Phys. 1999, 67, 440.
Mass =20 GeV
ON,§s| = 1045 cm?
0.8 _ ...................................... ..................................... .................................... i
v [%
-
2 o
2 2
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E [keV]
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IMJ The Interaction Rate

18
TESSERACT
Expected Measured
3 Dark Matter Spectrum Banana Spectrum
x 10
1 I I I 1 200 ' Hoeling et al Am.J.Phys. 1999, 67, 440
Majss=ZOGeV . o -
g g on,sl = 1045 cm?2 :
0Bl S S _ 1000 - With Banana s
i \ A (Electron Recoils)
2 . 800 ‘
C - |
E, Lg) 600 i 40K
LLl
:q ~
= 400 ‘ 100 event per

anstt / Rakg per second
200 - e _

Without Banana

0 ! I | | ! | 1 |
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_~..a | DDM Experiment Wishlist

TESSERACT

19

Background limit:
neutrino-nucleus scattering (solar, atmospheric and

- Low and controlled backgrounds

Go deep underground supernovae neutrinos)
6 Fewer cosmic rays to produce neutrons.
107° € <T T
- C— IGvsHI% %’%gl arx&>29°; m1u§1? E 5V2 H H  p-induced
[ " «—~*<;’\"‘ Soudan (USA) : I neutrons : ROCK
Tw 1 0—7 E- .............. O T Kamloka . (Japan) .......................... -E : !
= ; ) T g Gran Sasso (Italy) ] 1 v U/Th/K radiogenic
=2 : / N\ N | neutrons
» N N -
q::S 10—8_ ....... Boulby(UK) .......... \\\ ......... ’-_ : l U/Th/K
g : . \ - '-T Frejus (France) f I n O(,B,Y,n |
. . . N 5 .
= [ 3 : : - Jinpin ina, this wor u X
[_‘5 109 ZEEERRRERRS S R REERRRRRE \ Jpg\(ci th ...... ].() i —3>DETECTOR I
[ : Sudbury (Canada) : i I
: | target-intrinsic bg: a-, I
1010 1 ! L ! ! ~ i B-, y-radiation, n; I
1000 2000 3000 4000 5000 6000 7000 | activation, impurities i
Vertical overburden depth [m.w.e] i "
I | SHIELDING 1
. : ROCKI "
Material screening and assay ' :
Cleaning and purification techniques Passive/Active shielding
Move underground detector fab and Reduce backgrounds from
material purification natural (*33U, 252Th, “9K)

radioactivity

LPNHE Seminar - 2025 01 13
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TESSERACT

] DDM Experiment Wishlist

20
CUORE
- Low and controlled backgrounds CEESET;
- Discrimination between signal and KINIE WIMP
Phonons

background

Simultaneous measurements of two
signals allows ER/NR discrimination on an
event-by-event basis

Detector technology background rejection
and fiducialization

GRENOBLE | MODANE

CaWO4, CRESST

CDMS/SuperCDMS .
Ge, S
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IZLQ DDM Experiment Wishlist 21

TESSERACT

Transfer of DM kinetic energy inefficient when M

- Low and controlled backgrounds |
>> Mpm for elastic scatters

- Discrimination between signal ana = 10°e
background E E _ieium (v) ~ 300 km/s__
> 10° = /
. o — — Fluorine )
Simultaneous measurements of two s F =
: — : L , GCD 10 = Argon /
signals allows ER/NR discrimination on an = £ — Gemanum Y am
event-by-event basis & 1= — Xenon m?2
o = Emax _y 992 X
Detector technology background rejection 2107 = MmN
and fiducialization F=
=102 =
- Large exposure (few events per ton- F
year) 107E
—4_I | [ [1I]] | 1/] !I I IIIIIII| I IIIIIII| I IIIIIII| L 1 [ 1l
19403 107 10” 1 10 10? 10°

Dark Matter mass [GeV]

Direct detection of Sub-100 MeV dark matter via
nuclear recolil is nearly impossible!

o
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lii;u DDM Experiment Wishlist 25

TESSERACT

Transfer of DM kinetic energy inefficient when M

- Low and controlled backgrounds |
>> Mpm for elastic scatters

- Discrimination between signal and Dark Matter - electron scattering

backgrounad = 10°
2 — —— Nuclear recaoil (v) =~ 300 km/s
Simultaneous measurements of two 5 10° - Eeconierecal p—
signals allows ER/NR discrimination on an © L. — Fluorine L= ——
_hv/- 1 ' © = —— Argon —_—
event-by-event basis 5 E .
Eo L T Germanium — , m
: : O = X
Detector technology background rejection = i pmax _, 9,2 X
: ST . -1 m
and fiducialization 107 e N )
= =TT L iy il of 6 AL LR LR LR LR LAY wp = ngeg\;/ .
> _D Wxe = lo.3 €
- Lerseesppesure fow ovepts-perton- EN0" =
' — Wae = 3 €V
year =103 max _ 1 2
10—4_ L 1 11111 il IIIIIII| I IIIIIII| I IIIIIII| | 1 111
10°  10° 107 1 10 10° 10°

Dark Matter mass [GeV]
For DM masses below 100 MeV switch to DM-electron

scattering searches

o
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ti;g DDM Experiment Wishlist 53

TESSERACT

DM-nucleus scattering (nucelar recoil)

zeV aeV feV peV neV pueV meV ev keV MeV  GeV TeV PeV 30M,

H—)

«— > —
QCD Axion WIMPs
e ————————————————— A —————————————— R
Ultralight Dark Matter Hidden Sector Dark Matter BlackHoles
—— A ————————————
Pre-Inflationary Axion Hidden Thermal Relics/ WIMPless DM
— —_—
Post-Inflationary Axion Asymmetric DM
US Cosmic Visions Freeze-ln DM
arXiv:1707.04591 |hep-ph] —_—
SIMPs / ELDERS

o
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71 DDM Sensitivities

TESSERACT

-40 R
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© - L ‘
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n 1074 e Y
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Ll
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¥ nd T [
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__E 1048 O 7 xi
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}1/ Cryogenic DDM -

TESSERACT

107%°

107°°

]

2

W
(o)

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

Y — — — —i

@) o o o CDI
| | | clo IR
0o ~

N
—h

—

<
N
N

. Alow energy excessis Ilmltlng all <~ | Why cryogenic DDM

"""" cryogenic expeﬂments\ experiments aren’t

TR NG ing e st Gev
BEEE S S e — T .| search region 7

DM-nucleon cross section [cm

M
k.
<

N

W

—h

2
AN
N

| IIIIII‘ | IIIIIII\ | IIIIIIII | IIIIIII‘ N IIIIIFI IIIIIII\ | IIIIIII‘ | IIIIIII‘ IIIIIII\ | T

e i O e i 0 L
4><1o-2 107" 2x10~ 1 2 3 4 567890
Dark Matter Mass [GeV/c ?]

o
Ing.é LPNHE Seminar - 2025 01 13 @

—h

O
.|§
o

GRENOBLE | MODANE



’\

Qiilj Cryogenic DDM: Low Energy Excess

TESSERACT

N
o)

o F Si20.35 g o

S 108 L Li1 11 —

e |

| | | - g —— Sapp2 16 g oY

+ Gurrently, all cryogenic experiment whicl i T lvesh2ts | &
have reached sub eV threshold are seeing 1) .
such an excess limiting their DM search g0tk R e 5

D 4o %., R +¢+ : *++H*+iﬁ- | %

» LEE characteristics : time dependant, non 10°f TTT“.’#;[- 1_:.;;.1@ -
ionising (“Heat Only”), mostly independent of 0 v
sites, dependance with holder/vibrations (?) A
100 “° ) | | L::pzvzems 6220TE\:493A _,C:>

80 - | Comm?2 Si2 SS

» Design driver of TESSERACT : S
o Mitigate LEE 2 20 Bt 0
o Develop new technologies to reject it o _ , , O

Time since cooldown (days)

o
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TESSERACT

 Transition Edge Sen

aims at extending the

low-threshold cryogenic detectors with e

Dar

B)Cot

27

TESSERACT

sors with Sub-Ev Resolution And Cryogenic Targets]
< Matter mass search window from meV-to-GeV with ultra

ultiple -

capab

ties

argets and particle identification

Irene Johiot-Curie
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I TESSERACT@LSM

TESSERACT
L / (S [ N\ e

- # photon $ He atom e

e | ¥
/ = ,I ...4 § N

phonon . / .~ phonon/ =
I ., roton !
., photon (VA Ge/Bi

Al203 / GaAs - LHe \‘

TESSERACT @LSM proposal:
1. Include the French semiconductor Ge

® DOE Funding for R&D and project development
oegan in June 2020 (Dark Matter New Initiative)

. . . oolometer technology to the TESSERACT
® One experimental design, and different target science program
materials with complementary DM sensitivity, all 5> Denlov the future TESSERAGT exberiment at
using TES (Al203 and LHe) ' SI"\D/ Vyia the“T‘_JS DM Project P
pa ESC WG

TEXAS A M

fh)CLob

NNNNNNNNN

AAAAAAAAA

GRENO LE

| MODANE

Irene Johiot-Curie
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I TESSERACT@LSM: Ge/Si semiconductors g

TESSERACT

SESESSE==n

711 17L1 \JT\
f§ﬂ
S

Introduction to the dual heat and ionization readout:

Charge/Phonon sensors -

E field

Charge/Phonon sensors
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@ / TESSERACT@LSM: Ge/Si semiconductors 3

TESSERACT

Introduction to the dual heat and ionization readout: e

Charge/Phonon sensors

N I : _
<—<§\ prompt phonons | Efield

Charge/Phonon sensors

. @ M)Cub L PNHE Seminar - 2025 01 13 @
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7{3?‘5'113 TESSERACT@LSM: Ge/Si semiconductors 3

TESSERACT

T
‘F

1 e
[ [ [ |
f§ﬂ

Introduction to the dual heat and ionization readout: R

. Ge/Si

B
g

Charge/Phonon sensors
3

Rt/
i@
N L~
< prompt phonons

E field

Charge/Phonon sensors

E total = Erecoil + Eluke
1
= Erecoil + 5or EionAv

t)CLob LPNHE Seminar - 2025 01 13 @
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) % JTESSERACT@LSM: Ge/Si semiconductors 32

TESSERACT
SRS
Etotal = Erecoil + Eluke 5 e-
= Erecoil + 3elV EionAV Vo h Ge/Si

Low Voltage mode High Voltage mode
Part. ID + Fid / \ single e/h - No PID

) ) 220 10.37 keV
Il . . . - . (¢
| D. Misiak thesis i EDELWEISS i
o5 IR ~ RED30 (66 V+70V)Data K
- 1Ge activation i
200—
1.00 g — 1.30 keV
: i
0.75 @ — 160 eV L
S > 150— |
3 ‘D | |
o 0.50 0 — M |
E 9 B I
c =;\F= 5===EEFG%=’=§=:==F-==-=’ oS 5 B | I
S 0.25 B & S a7 e "l - Q 100 |
o = _;L-:.—*::'-;—ﬂ:.:::::: O L
< B
0.00 1 e Rt S i B
l 50—
025 1B LEE i
,' Electronic Recoil Quenching Q=1 === | inhard Nuclear Recoil Quenching -
d === 25 Electronic Recoil Band === 27 Nuclear Recoil Band B
—0.50 198 =
| ,' Data (9 RN | ST w|
| — ! ! ! ! ! ! .03 0.1 0.2 0.3 1 2 3 4567 10 20

Recoil Energy [keV]
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TESSERACT

High-Voltage approach for optimal ERDM sensitivity

CRYOSEL performance goals: 200 V bias +
 Gecrysta  NPSi-TES single e-h sensitivity + SSED LEE tagging
& T efficiency > 1000
First R&D results shown at TAUP2023:
e Stable operation up to 60 V

piased at V) First observation of a single- Slanie operatien up 10 80 ¥
\. electron sensitivity in a massive ontirmation that Tirs | acts as

i ffiCI L EE
(40g) Ge cryogenic detector ! efficient LEE veto

* New prototype currently being tested with

7000 —

.1 e significantly improved performance
’ omn o= | Eor TESSERACT:
T ﬁ pc2e. = 013 * Switch to low-imp. TES for sub-eV SSED
o w0 energy threshold
B « High control of IR backgrounds and charge
eakage

2000 —

e | EE discrimination down single e-h pair
e Exquisite sensitivities to ERDM with LEE
| discrimination

0 48 96 144 192 240 288 336 384
TES Amplitude (AU)

1000 —
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TESSERACT

High-Voltage approach for optimal ERDM sensitivity

EDELWEISS collaboration, PRL 125, 141401 (2020)
DP [36.5 kg.day]

—_ = B=E | In 2020 EDELWEISS-IIl achieved

101} o, 2 buard) | one of the best ERDM sensitivity
| : g <<= | with sub-electron energy

B ; ;- S e [ resolution with a 33 g Ge crystal
T A ? SRR | Operated at 78V.

) 10_135-

[ Solar constraints : ) 5
SEEEE XENON10 LN, T E —

10—145_ CDMS HVeV \\\é \';‘,}I, : > o 1OOg.y_1 e HV teChﬂO|Ogy (SS_D +
P @ Soap =S + 200V) in TESSERACT will
| e SENSEl @ MINOS L ; TESSERACT background model .
|y - | = 10 DRU gamma + other | allow to achieve orders of

107 F L P B backgrounds from EDW-III . . e
e joredit H. Lattaud o 0 TR magnitude improved sensitivities
: 2 0 * Ma;gl [eV] 102

my [eV/c“]

Irene Joliot-Curie
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p—
|
-
p—

TESSERACT

Low-Voltage approach for optimal NRDM sensitivity

Energy thresh.: 4.5 keVnr Energy thresh.: 300 evnr ® ER/NR discrimination threshold has been improved by

lon. thresh.: 700 eVee lon. thresh.. 160 eVeg  ahout one order of magnitude w.r.t EDW and

EDELWEISS-III A RICOCHET preliminary 2 SuperCDMS
107  Planar 8209 + JFET SN | 101 Planar 40g + HEMT N

e AmBe
7lGe
---- Lindhard

¢ Ricochet can now probe reactor neutrinos (CEVNS) and
e 8l equiv. 3 GeV WIMP with highly efficient LEE and ER
~---_Lindhard &, - | rejection
L Ricochet resolution goals: 20 eV (heat) + 20 eVee
(ionisation) - almost achieved (by a factor of ~2)

lonization Energy [keVeel

For TESSERACT:

e Switch to TES for sub-eV heat energy threshold and
reduced LEE, and aiming for 3-6 eVee ion. resolution

N | T T e e ER/NR identification down to 10s of eVnr + LEE

Recoil Energy [keV] | Recoll Energy [KeV] discrimination down to 50 eVnr (Lindhard)

0.1

Presented at: TAUP2023, IDM2023, Nobel Symposium 2023 (NS-182 « Dark Matter ») 0@l for low-mass NRDM with PID
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TESSERACT

Low-Voltage approach for optimal NRDM sensitivity

G, = 20 eV, Gion = 20 eVee, LEE / 1 W/0O LEE
— 6yh = 1 €V, 6ion =3 eVee, LEE / 102 m— = WLEE

—h

S
W
0)

credit: J. Colas (FRAMA and RI2 proposals)
| ——— m |

2

_ a4 4 =4 A A =
3 3 3 3 3 3 5 3
I Y R w W W
w DD O O o N o

S10L ... =~ The LV technology in TESSERACT will allow to vastly extenc

3107 | the NRDM searches down to 100 MeV with particle ID and
1074 i T . -~ LEE rejection in a region of the parameter space inaccessible
10, [ L 5;\\;8910 to non-cryogenic experiments.

Dark Matter Mass [GeV/c 4]

TESSERACT background model = 10 DRU gamma +
other backgrounds from EDW-III

o
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GRENOBLE | MODANE



] TESSERACT@LSM: Detector technology summary a7

TESSERACT

All detector technologies will be featuring:
1. athermal phonon TES with sub-eV energy thresholds,

2. drastically mitigated LEE (under intense investigation),
3. payloads between 10g to 1009

. Dual TES
AlbOs, SIO, ERDM 100 meV - MeV channel None

NRDM/ eV - MeV Phonon/" 1 141 Phonon-

GaAs photon

EFRDM MeV - GeV coincidence photon readout

Multiple He4/  Pulse shape
He NRDM MeV - GeV photon discrimination

Semicon. .. i ERDM  eV-MeV SSED None
High 'V

- Phonon/ Dual phonon-

Sf_m'ci’,"' Ge,Si,C NRDM MeV-GeV  Ionization ionisation

2h coincidence readout

B)Cot

Irene Johiot-Curie
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TESSERACT

* [wo coples of the setup, for enabling both:
e underground R&D and detector optimisation
* DM science data taking in parallel

e Each detector technologies is designed to
achieve major breakthrough in short time scales
(few months) hence allowing fast turnarounds

* [he two setups will be deployed at the same
underground laboratory (LSM).

* [nstallation of 1st cryostat via the TES4DM
oroject at LSM In the next 3 years is timely for
the TESSERACT collaboration.

. LPNHE Seminar - 2025 01 13
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TESSERACT
TESSERACT Features TESSERACT Requirements
- Multi-target cryogenic detectors  Ultra-low threshold
- LEE mitigation »  Optimal for both NRDM and ERDM
 Particle |dentification » Broader DM mass range covering
» Low impedance TES phonon sensors
_SM ultra-low background environnement

R&D LV / HV Ge (NTD+ion / single eh) R&D LV / HV Ge (TES+ion / IR+L. current)
TES4DM surface DM search + Calibration studies

cryostat & shielding L. cryostats
design/procurement cryostat commissioning @ LPSC Integration @ LSM

1st science
data taking at
LSM

2025 2026 2027 2028 2029

ol @. '1!)(:, h LPNHE Seminar - 2025 01 13 %
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-

TESSERACT

Ongoing work on the shielding design for the
lowest background possible (few DRU):

* Ongoing simulations predict: ~1 DRU ER / <1e-3 DRU NR

* Favoured option with a «neck» that will require significant
cryogenic R&D

* Need efficient material screening and assay to start well
ahead of construction

 Commissioning of the TESSERACT cryostat above-ground
(at LPSC)

h)CL()b LPNHE Seminar - 2025 01 13 @
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TESSERACT

Final shielding design from ‘ T |

iterations of different geometries |1 T
he shielding is designed to be assembled from : 23 ZE EZ

the bottom up and the outside inwards. 1 = £8 [NCHT T

All single pieces are small enough to be easily . Z_ e _IEI

rT“Ovediﬂ’[OtheeXperimeﬂ’[alhall. % T T T T T T T T TTTT

|

Cleaning and sealing the lead at suitable facilities . 1 .

at the surface to minimize risk and waste 50.8(STEEL) || |~ _ PIRESY

production underground. | s “Ef::w __

‘-
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TESSERACT

Ti m— Cu Cryo Cu
PE

Illlll L | lllllll | lllllll [ lllllll N ERL

From Pratyush Patel

B R

External neutron sources

[ | lllllI

lllllll | llllllll L L

Titanium, stainless steel, polyethylene, copper

The rate for neutron internal backgrounds is
almost negligible

(-
o
©

| II}V | llllllll

Event Rate [counts/kg/keV/day]
S
r
J

-

o
A
[

lllllll LI | lllllll

—llllll 1 lllllll 1 lllllll |1 llllllI L1 1111l
1071 10° 10? 102 10°
Energy [keV]
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TESSERACT

Titanium B Lead HDPE
Stainless Steel Copper

o lllll | lllll | lllll I B B

|

Sy

From Pratyush Patel

External gamma sources

-
o
[

P
L L

Copper, polyethylene, lead, titanium, stainlessE 10°

steel all from EDELWEISS published data

e
Event Rate [counts/ig/keV/day]

| IIIII

| lllll

(-
o
o

The rate for internal backgrounds is
dominant, 3DRU Iin He target

(-
(-
N

Plan to have a inner layer of high-z materials,
ikely roman lead or copper.

(-
(-
&

1071 10° 10? 102
Energy [keV]
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TESSERACT
External gamma sources e m T T e
+0 ?Tm = - From Pratyush Pat;ITn%
Roman Lead E E E
| § E
& F :
ém*: i E
o : ' :
An additional internal  , ey :
roman lead shield of g ol
~oCm, brings gamma & F—
iNnternal budget down g [
- ~ | to<1DRU o b g g L
1071 10 101 10 10

Energy [keV]
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TESSERACT

—xtending the Dark Matter mass search window from meV-to-GeV with ultra low-threshold cryogenic
detectors with multiple targets and particle identification and LEE rejection capabilities with two
identical cryogenic setups installed in the ultra-low background environment underground at LSM

Unigue opportunity to build the next leading
cryogenic light DM experiment at LSM, featuring
French bolometer technology, benefiting from
decades of experience from EDELWEISS, CUPID,

and Ricochet
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