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The CRESST experiment

CRESST ¢
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The CRESST detector module

CRESST
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Simultaneous signals from the transition edge sensors (TESs)
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The CRESST detector module CR;(SS_T

EnergyapslkeV]

Discrimination between potential signal events (nuclear recoils) and dominant
radioactive background (electron recoils)
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Transition Edge Sensor CRESS_T
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- Energy deposition in absorber
— 8 ~keV
G 2
S
v !
g Time
© Rrer Temperature rise in TES
n ~uK
) Rres Q{ IJ
@
o SQUID
RREF l
mmmm Transition curve Resistance change
4 @ Operating point ~mQ
5.0 7.'5 10'.0 12'.5 15'.0 17'.5 2(;.0 22'.5 25.0

Temperature [mK]
* The sensor is operated at the transition between normal and superconducting phase

e Very small temperature variations can be read out through measurable changes in the
resistance
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DARK MATTER Results CRESST

Det A: 23.6 g, Ein = 30.1 eV
Analysis optimized for very low energies: 30.1eV > 16keV
Acceptance region fixed betore unblinding

Light Yield
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Dark Matter Results (I)
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Dark Matter Results (ll) CR;SS_T

memmm CRESST-III Si 2022 (this work) == CRESST-IIl 2019 —— = CRESST surf. 2017

Siz Waf er dete(:tor - 0-35 g SI - = SuperCDMS-CPD 2020 - = SuperCDMS-0VeV 2022

data taking period Nov 2020 — Aug 2021
exposure 55.06 g days
baseline resolution 1.36 eV

- Collar 2018

—

1
N
(o]

R

L
| lllllll
—
Q
W
o

nuclear recoil threshold 10.0 eV §_ ........................................................ ,_------- ........... __%10-31
R ;— ......................................................................... _;10-32
104 e rvnsnressmssnssosssses s s R S N S H f E

all accepted SVErits

Counts per 1 eV

- | : 103 §— R O STURRURUE NI gt ST SURUUURR __E 1 0-33
SR ROI(10-300)eV | - ~< =

2
| IIIIIII!

.
— s sssesssnnnnssnnsssrrsssssnnagEnnsssrrssTTeREEERRRRRE NS A YT T T T I I I I, S essssssssssrrrrrrrrannne -
p— . - . . ™

Al' I llllllll

—
o
N
—
Q
W
a

Dark Matter ParticlefNucleon Cross Section (pb)

| |1

Dark Matter Particle-Nucleon Cross Section (cm?)

R R R R R R N R T I R L R R N R R Y

DOI10.1103/PhysRevD.107.122003

A
o

URLRRLL T TrIT
—

| |1 IJIIJ‘

—A
I
{
—r
Q
T
—
o
@
N

- 5 i i |
0 0.05 0.1 0.15 0.2 0.25 0.3 0.08 0.1 0.2 0.3 04 05
Energy (keV) Dark Matter Particle Mass (GeV/c?)

RICAP 2024 9 Paolo Gorla - LNGS



SD Limits with LIAIO, Detectors

Proton-only Neutron-only
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CRESST calibration with W recoil CR;(SS_T

Standard calibration — °>Fe source with X-ray at 5.9 keV

CRAB collaboration
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Phys. Rev. D 108, 022005
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The Low Energy Excess (LEE) CRESS_T

First observations: 2016 — 2018 Unexplained event population at low energies

| * high count rate
Overview of CaWO, Detectors

0 . .

S . - * steep rise in energy below ~200 eV
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Observations of LEE C RE(SS_T

LEE is observed in all CRESST detectors (independently from absorber material and

geometry). Scaling the counting rate by volume (mass) does not improve the agreement

between the different detectors.
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Time variation of LEE CRESST

Si2 wafer detector from 40 eV to 2.0 keV, with time- and energy-dependent efficiency correction

50 - < bck awu - r Neutron Calibration
+ - Warm-Ups
}  Si2 data +
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g * _ ‘
3% é : . v
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Rate monitoring over time: s Slow Decay Parameter (Time)
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e Rate decays exponentially in time s a - T
e Reset of the rate after warm-up cycles $1so- T (sl T 8 ¢
()
e Two decay constants il T T | T | T
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o Fast decay ~ 10 days T ¢ . | |
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LEE rejection strategies C R;(SS—T

Related to target Depending on crystal Related to scintillating
material? growth parameters? materials?

Tested several Tested slow grown
materials crystal

Removed scintillating

materials
Dedicated modifications:

CaWo, stick Cu clamp Bare Cu housing

‘,(/_ N\ o= j o -
B Rtee=
N . |
TUM93 CawO04 N g
Comm CawO LiAlO2
- / \ \ﬂb ‘Cu stick S j \

Scintillating housing

Adopted different Analyzed LEE In a

wafer detector

holding mechanisms

Caused by holder Depending on
stress? detector geometry?
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Double TES

e Basic idea: instrument the absorber with 2 TES

e If the signal originates in the absorber the two
TES are expected to show the same response.

* If the signal originates in or very close to one
TES, the two response signals are expected to be

different. —
i

Absorber

RICAP 2024 16 1

ETes2

CRESST

ETes1
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Double TES - Measurement

CaWO4

e 20x20x10mm3 crystal

* Two measurements in September and
November 2022

* Above ground, wet cryostat

* Two independent heaters of
independent stabilization

 Two 55Fe sources

Resistance (mQ)

* Two very reproducible transitions

22 23 24
Temperature (mK) Paolo Gorla - LNGS
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Time variation of LEE ts (1) CRESST
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https://arxiv.org/abs/2404.02607
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Double TES — Underground Test

To explore the full potential of Double TES technology a Run in
the CRESST cryostat was mandatory ( low background + low
noise).

In February 2024, experimental Run37 detector modules have
been installed in the CRESST cryostat:

* 5 Double TES CaWO, modules
* A stack of 4 Double TES Al,O3 LD with

double TES (with 55Fe source)

* 1 Mini-Beaker module . o
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Double TES — Run 37

e —— —— ———
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Double TES — Run 37

On March 23, 2024, the carousel reached
operating temperature. TESs were
operational and immediately set up to
measure the LEE rate variation.

;

)

A

. "
<
K, i

X,
......
e -

In July 2024 neutron-calibration (AmBe)
was started (calibration via n radiative
absorption for CaWQO,). Once the

calibration is completed we will start the
official Double TES campaign.

Stay tuned for upcoming results!
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Conclusion

 CRESST energy thresholds O(1

art in the exploration of the lig

OeV) represent the state of the

nt DM mass region

* Recent results in terms of E threshold are very promising for

extending sensitivity in the ~100 MeV range for the DM mass

and both S| (Si, CaWQ,) and S

D (LIAIO, Al,O3) interactions

» Calibration from recoils induced by radiative capture of

thermal neutrons allows calibration of CaWQ, detectors

without introducing contaminants in the CRESST setup

» CRESST collaboration is preparing to increase the number of

channels to enhance exposure

* LEE comprehension and reduction represent a crucial step for
the light DM community. Recent CRESST achievements with

tuned for upcoming results!

RICAP 2024

Double TES are promising to finally solve this puzzle. Stay

22
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Results from a Si Wafer Detector

Si2 wafer detector — 0.35 g Si

data taking period
exposure
baseline resolution

Nov 2020 — Aug 2021
55.06 g days
1.36eV

CRESST

<—Holding Sticks

<4—\Wafer TES

Bulk TES

nuclear recoll threshold 10.0eV |
<—Cu Housing
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2222 e s KRR EE
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- . . . . . l-
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ol P N N
| | Using thin wafer detector as target and bulky

detector as veto detector.

Energy (keV)

https://arxiv.org/abs/2212.12513
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Results from a Si Wafer Detector CRﬁSS_T

memmmm CRESST-III Si 2022 (this work) —— CRESST-IIl 2019 == = CRESST surf. 2017

Si2 wafer detector — 0.35 g Si

data taking period Nov 2020 — Aug 2021
exposure 55.06 g days

baseline resolution 1.36 eV

nuclear recoll threshold 10.0eV

= SuperCDMS-CPD 2020 —— = SuperCDMS-0VeV 2022 = = = Collar 2018
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CRESST @LNGS
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SD Limits with LIAIO, Detectors

Lil detector — 11.2 g LIAIO;

data taking period Nov 2020 — Aug 2021 T
exposure 1.161 kg days e\
baseline resolution 12.8eV
nuclear recoil threshold 83.6eV

‘ S ele e — ;;-"— . ;o.. .'..' . e - -
n Ca rate A JPP e o 320 . | .
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I
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1

Isotopes sensitive to SD interactions: /.
ISOtOpe <Sp> <Sn> =2 7 c ' .‘ - blind data — Li band

—— electron band — Al band

6L| 0472 0472 : .' gamma band acceptance region

—3 I 1 I 1 I | I

' 0 1 2 3 4 5 6 7 8
L 0.497 - Recoil energy (keV)
2TAl 0.343 0.0296

Phys. Rev. D 106, 092008 / arXiv:2207.07640
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Title Text

LiAIO, AlO,
Mass 11.2 ¢ 06¢g
Data taking Nov 20 -Aug 21 Nov 20 - Aug 21

Baseline resolution 12.8 eV 1.0 eV
6.7 eV

Energy threshold

proton-only

—— CRESST-III 2024 —-— Collar 2018
—— CDMSlite 2017

—— CRESST-1Il 2022

-- CRESST surf. 2020

—— CRESST-IIl 2022
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CRESST upgrade C

_ﬂ’l 1( I Heater | Bias SQUID control

s

CRESST upgrade to 100 modules
o (288 readout channels) already in
4K E Cold Feed through the procurement phase.

Stycast

[.—-y
S
o

| iy

111 SQUID

$$ 3¢

Cryogenic infrastructure will

Filters

B EIIRERE
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$

$

remain mostly the same while
readout chain is upgraded.

shunts @ 10mK

MC

$¢3¢8¢23¢
I EEEEEER:
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TES

BESESESEESEEE

¢ 3
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Selection criteria CRESS._T

Objective

Keep only events where a correct determination of the amplitude (= energy) is guaranteed
Unbiased (blind) analysis

1.  Design cuts on non-blind training set (=20%, excluded from DM data set)
2. Apply without change to blind DM data set

Rate: noise conditions (14% of measuring time)

Stability: Detector(s) in operating point (3% of measuring time)

Data quality: Non-standard pulse shapes (e.g. i-Stick events and pileup)
Coincidences: with p-veto (7.6% of measuring time), i-Sticks, other detector modules
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EFFICIENCY/SIGNAL SURVIVAL PROBABILITY CRESST

all triggered events after applying all selection criteria
> 1
filter effect | € \ : 1~
8 g9 : Simulated by artificial pulses
5 0.8 placed at random positions
0.7 in the data stream

fit of the threshold 0.6
with an error function

2 RN III‘IIII‘IIII‘IIII‘II IIIIII‘IIII‘IIII‘IIII‘

0.5 Includes trigger and cuts
0.4
0.3 =60% efficiency over broad
0.2 energy range
0.1
pile-up
(P. 0.1 1 10

Injected Energy (keV)
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OPTIMUM TRIGGER THRESHOLD

Optimum filter for threshold analysis +  Study the noise distribution after

Counts

Empty base line trace .o 538888z TI optimum filter in order to set the
29 threshold
D o
JJ\ | ” 2 o 3 * Threshold optimised based on
> s Q2 0 . . . .
| .z 3> noise triggers in a given exposure
< O § g
Q ©
zgl s
w o Q) o
ﬁ | - é“’s
frmem } § gm4
§ T OO
Analytical description of amplitude B,
.« . . .« . . £
distribution in empty baselines $10+
Sqg°6
J Low Temp Phys (2019) gme
doi.org/10.1007/s10909-018-1948-6 | | | | t | |
0 e =95 20 25 30 3 40
Energy threshold (eV)

10 June 2021 Low-mass Dark Matter Search with the CRESST-1lI Experiment 32
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DETECTOR STABILITY CRESST

W-TES equipped with heaters

e Stabilization of detectors in the
operating point

* Injection of heat pulses for calibration
and determination of trigger threshold

saturated heater pulses

heater pulses
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Time evolution of LEE

LEE Rate Si2-wafer 12-200eV
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Double TES — Run 37 CRESST

chl, doubleTES-5-UF-L, 1.0 % chZ, doublseTES-5-UF-R, 1.0 ¥ ch3, doubleTES-5-UF-LD 1.0 ¥ chl0, doubleTES—4-D0OWN-L, 1.0 ¥chll, doubLeTES—4-DOHN-R, 1.0 '%hlZ, doubleTes—4-00WW-LO, 1.0 ‘

'_ . Bl On March 23, 2024, the carousel reached
. operating temperature. TESs were

o 12 & 10 12 14 16 S 10 12 14 16 5 10 12 14 1B 5 10 12 14 1B 8 10 12 14 16 OperathnaI and Immedlately Set up to

0.4
0.3
n.2
0.1
0.0
20 =0

ch33, LO-=tock3-FR, 1.0 % =h34, LO-=tachk3—-L, 1.0 V% =h35, LO-=tocka-L, 1.0V

1 12 14 16 g 1o 12 14 16 g o 12 14 16 1 12 14 16

In July 2024 neutron-calibration (AmBe) was
started (calibration via n radiative
absorption for CaWQ,). Once the calibration

VRS ot iIs completed we will start the official Double
ch37, LD-stackl-L, 1.0 ¥ . ch39, LO-stack4-L, 1.0 ¥ ch4l, LO-stack4-R, 1.0 V chS%, TUMI3A-FH, 1.0V TES cam pa |g n.

0.4 0.4 .
0.3 0.3
0.2 0.2
0.1 n.1
a.0 0.0
[&] 10 12 14 16

10 1= 14 16 (] 10 1= 14 15 [ 10 1= 14 16

ch27, mBealer—-Torget 1.0 ¥ ch28, mBealer—Ring 1.0 W

10 1= 14 1

chS7, doubleTES-2-L 1.0 W ch58, doubleTES-2-R 1.0 W ch59, doubleTES-2-LD 1.0 ¥ DVM ch 18

Stay tuned for upcoming results!

1o 12 14 16 g o 12 14 16
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