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What i1s Dark Matter?

Mass scale of Dark Matter
(not to scale)  arxiv:1904.07915v1

QCD axion WDM limit unitarity limit

1022 eV i keV GeV  100Tev My 10 M
4—} i + | i - A

““Ultralight” DM “"Light” DM WIMP \ Composite DM Primordial

(Q-balls, nuggets, et)  Hlack holes

non-thermal dark sectors

bosonic fields sterile v 1GeV <M <1TeV
M, <

can be thermal

Fig.1. The mass range of allowed DM candidates, comprising both XENONNT, PandaX-4T
LZ, CRESST, DEAP-3600,

particle candidates and primordial black holes. Mass ranges are only DarkSide.20k |
approximate (in order of magnitude), and meant to indicate general arkside-20K et.al.

considerations.




Gran Sasso

| aboratori Nazionali del — rton

"“~-._,:.aboratory
Gran Sasso (LNGS)
Placement: "
Under mountain peak Corno Grande, at an average
depth of about 1400 m and at an altitude of about —— OPERA

1000 m above sea level.

Borexino

I This reduces the cosmic background I Rome

driatic (=3 N | _
coast ' N\

High sensitivity to nuclear
events




- AAr Cryogenics ProtoDUNE Cryostat  UAr Cryogenics UAr Transportation Skid and Storage
I Cryogenics Support Structure [
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The DarkSide-20k (DS-20k) experiment seeks to

directly detect dark matter in the form of weakly
Interacting massive particles (WIMPs). The designed
DS-20k detector is a two phase time projection
chamber (TPC) filled with 50 tons of underground
liquid argon.

TPC

Ti (or SS)
vessel

Top OP

¥ caortion arXiv:2301.12970v1

Fig.2. Cross sections of the cryostat (left) and
of the vessel containing the inner veto and TPC
(right) of the DarkSide-20k detector
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Outer Veto

Motivation:

Registration of background
events from cosmogenic
muons and related nuclear-
active showers that can
activate isotopes.

Physics potential:

8B solar neutrinos
« Supernova neutrinos

Outer Veto

Cryostat

Stainless Steel VVessel

50 tons UAr* &

TPC

650 tons

Liquefied Atmospheric argon (AAr

*UAr — Underground Argon



Preliminary  Quter Veto

Membrane Cryostat
Y

Gas Argon phase

Wavelength _
shifter (WLYS) %
material Reflector

128 nm LAr
,..*‘s’éintillation light / \

‘LumirrorH Tyvek ‘

Stainless
Steel
\Vessel

Y

~ 430 nm
shifted light

Liquefied Atmospheric Argon

s

The reflector always
follows WLS material.

WWWM\WW
\
A

Fig.3. The preliminary schematic design DarkSide-20k
with Membrane Cryostat and Stainless Steel Vessel 6



Preliminary — QuUter Veto

>

PDU

i

PDU

PDU
PDU — Photo

Detector Unit FBU

I 1
' Polyethylene Tetraphenyl
The TPB gives higher LY naphthalate butadiene

(light yield) than PEN. \ /
However, the technical

implementation of PEN is
easier, because there is T Y~~~ Preliminary
no problem with spraying PDU

) Fig.4. The preliminary configuration of PDUs placement
a uniform layer. on the Stainless Steel Vessel in Geant4
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WLS material
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Comparison of the LY for different OV configurations on the SSVessel

25

Conclusions:

* The more number of
PDUs used, the higher
LY obtained

* When using Tyvek, the
value of LY decreases
by 1.7 times

* When using PEN, the
value of LY decreases
by 1.4 times

Simulation’s parameters:

gg — Preliminary
— L Lumirror+TPB
>_
- 20_—
S Current configuration
B Tyvek+TPB
10—
B A
5l Tyvek+PEN
ol 1 I L1 1 1 L
10 20 30 40 50 60

number of PDUs
Fig.5. The average value of the LY for different variations of the design of an OV on SSVessel

Cosmic muon, events 1000,
LenLArVisAbs = 10 km,
LenLArUVADbs =10 m




Adding PEN + Reflector to the surface of the SSVessel in order to

o Increase the LY value
Preliminary

The first OV model by layers:
7

Cryostat 77/ SSVessel 22 Cryostat

"\

Stainless
Steel
\Vessel

o
o
L L L L LU L L LA LLL LRt

?
é
=

S
o

Cryostat

2 -
2 _
&

4—-> —p 4—7 —
25um |25 um 25 um 25 um

SSVessel — Stainless Steel Vessel
R - reflector



Preliminary Adding PEN + Reflector to the surface of the SSVessel

The first OV model by layers:

.
7 PEN 7

Cryostat

%

/9_2
Cryostat %,% PEN 2
+—p

)
25 um

25um
Table.1. The values of the LY for case 32 Simulation’s parameters: Cosmic muon, events 1000,
PDUs on SSVessel from Fig.5. LenLArVisAbs = 10 km, LenLArUVAbs = 10 m, 32 PDUs

WNLS\reflector [ EUliiiels Tyvek .
Conclusion:
ISR REIPIOE 12,92 £0.16 | 7.61+0.15 Additional PEN cover

PEN on PDUs - 5.34 +£0.08 with a reflector increases
the LY value

The second OV model by layers:
% %, %%
Cryostat /;/ PEN AAr PEN / SSVessel . PEN AAr
25um 25 um 25 um 25 um

Cryostat

Table.2. The values of the LY for case 32 Simulation’s parameters: Cosmic muon, events 1000,
PDUs on SSVessel LenLArVisAbs = 10 km, LenLArUVADbs = 10 m, 32 PDUs

WL S\reflector | |EElligels Tyvek
=R REIBIOE 23.26 +£0.19 | 9.76 £ 0.15
HSNNNEBISE 20.28 £ 0.17 | 7.67 +£0.14 0




Influence of LAr absorption lengths on the LY value

Preliminary

Simulation’s parameters:

Cosmic muon, events 1000, 32 PDUs on SSVessel,

PEN as WLS, Tyvek as reflector

Table.3. The values of the LY for different values of LAr

absorption lengths

LenLArVisAbs*, km LenLArUVAbs**, m

The value of the LY increased by 1.16 times
when the LenLArUVADs was increased by
2 times.

L‘JLJ

10 10 7.67+0.14
10 20 8.92+0.17
1 20 8.51+0.11
: *LenLArVisAbs - :
- absorption length & ceerereerererianaranianane,
: of LAr invisible ::**LenLArUVADs :
: wavelength : — absorption length :
MessssssssssssssEEEEEEEns , E of LArin UV :
- wavelength

When the LenLArVisAbs was decreased
by 10 times, the LY value decreased by 1.05

times.
Conclusion:

Compared to LenLArUVAbs, the
LenLArVisAbs has less of an impact on the
LY.
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Preliminary Remove Reflector + PEN from GAr

WWWW

Gas Argon phase Motivation: - Gas Argon phase
to help with the argon
recirculation

3
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Simulation’s parameters:
Cosmic muon, events 1000,
LenLArVisAbs =1 km ,

Liquefied Atmospheric Argon

////////////////////////////////////////////////////////////////////////////ffffffffffffffﬁ

Liguefied Atmospheric Argon

A A A

Fig.6. The schematic model DarkSide-20k | enL ArUVAbs=20 m, Fig.7. The schematic model DarkSide-20k
without TPC: Cryostat, Reflector, PEN, 32 PDUs on SSVessel without TPC: Cryostat, Reflector, PEN,
GAr, AAr GAr, AAr, EPS Surface

WNLS\reflector [ Ellyilifels Tyvek WNLS\reflector [ Bl Tyvek

IR ENeREIDIOE 26.57 + 0.15 | 11.67 £ 0.15 JNE=Ne RIS 19.61 +=0.19 | 10.02 +£0.14

MSNRREBIVER 22.37 4+ 0.12 | 8.73+0.12 S=ENROREPISE 16.29+0.17 | 7.49+0.12

Conclusion:
After removal, the LY decreased. This is due to the fact that more absorption processes began occur in GAr.
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Preliminary What will be if some PDUs will be
place bottom and top on SSVessel?

PDU

PDU

PDU

PDU

32 PDUs: All on side
Table.4. The values of the LY

For Fig.6. schematic model

Simulation’s parameters:

WL S\reflector Lumirror Tyvek

INEERONNEBIVER 26.57 +£0.15 | 11.67 +0.15

SSNNONEBIOEEN 22,37 +0.12 | 8.73+0.12

Cosmic muon, veto yield 0.02,
events 1000,

LenLArVisAbs =1 km , 32 PDUs: 6 on bottom, 6 on top, 20 on side
LenLArUVAbs=20 m Table.5. The values of the LY

WLS\reflector
TPB on PDUs
PEN on PDUs

Lumirror

Tyvek

26.91+0.16

11.15+0.15

22.12+0.10

9.09+0.15

Conclusion:

The arrangement of PDUs on the top and bottom of SSVessel gives a slight increase in LY. Needs more testing.

13




Y, [cm]

The first step to build LY map for different OV configurations

Outer Veto volume

RN
3 3

Simulation’s parameters: Simulation’s parameters:

Electrons with E =10 MeV, 44000 events.

o oanLy [Q] Electrons with E =10 MeV, 70000 events. p.e.
500: "Mev = 500: e meanlyY, [M_eV]
400; _eo > 400; — 120
300 — 300 —
- - — 100
200;— 40 200;—
100 100; 80
oz— 30 0o
= = 60
_1002— —100;
_200; 20 —200; 40
~300— 0 —soog— .
400 —4002—
_50—%0:6 | L4‘()6 . ‘—3‘00‘ - ‘—2‘00‘ - ‘—1‘00‘ - c‘) - '1c‘)o‘ - '2(‘)0‘ . ‘3(‘30' . ‘4(‘30‘ ;( ‘[ ‘5]oo 0 %00 ‘—4‘06 N ‘—3‘06 . I—2‘06 - L1|06 . Itll‘ . I1(‘)0I - ‘2(|30‘ . I3(|)oI - I4c|)oI )'( '[Cls?o 0
, IcM , [cM
4 PDUs PDU
Fig.8. The distribution of mean LY by coordinates XY in Fig.9. The distribution of mean LY by coordinates XY in
case all PDUs on side SSVessel. case PDUs on side and top/bottom SSVessel.
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The first step to build LY map for different OV configurations

N
£.300—
N

Outer Veto volume a0

E 100—
100cm o
; ~100—
Divided by Voxels 100ecm 2

100 cm 3%%

Preliminary

S

200

100

-100

-200

-300

-400

Fig.10. The preliminary LY map in case all PDUs on side  Fig.11. The preliminary LY map in case PDUs on side and
SSVessel. on top/bottom SSVessel. 15



Conclusions:

The LY was calculated for different
types of reflector and WLS materials
for cover for each PDU.

The LY value was compared
between two models of OV with
reflector+PEN layer and without
them on SSVessel.

The LY was calculated for different
PDU placement options.

The first step to build LY map for
DAQ system has been taken.

To-Do List:

To select reflector for Cryostat and
SSVessel.

To select the coordinates for the
location of PDUEs.

Continue work to build LY map for
DAQ system.



Thanks for your attention!

Research assistant I'll E@g&%’;‘gh CENTER
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staisiya2019@gmail.com \\I’ INSTITUTE"
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Potential DarkSide-20k
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reflectivity
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The comparison between reflectors

—— Lumirror
—— Tyvek

800
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A, [nm]
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The calculation light yield

LY — light yield
N, — number of photo electrons

Ty — N,./scale factor

1 scale factor — parameter for scaling the
(1) number of photons produced, to speed
up the simulations
E 4¢, — deposit energy

E dep



Influence of LAr absorption lengths on the LY value
Preliminary

Simulation’s parameters:
Cosmic muon, events 1000,

WLS on PDUs Reflector LenLArVisAbs, km LenLArUVAbs, m

T — 2326+ 0.19 32 PDUs on SSVessel
TPB
Tyvek 10 10 9.76 £ 0.15 I
: Conclusion:
DEN Lumirror 20.28 £ 0.17 The higher the
Tyvek 7.67 +£0.14 absorption lengths of
Lumirror 27.92 +0.22 LA, the higher LY
TPB obtained
Tl 11.78 + 0.14 !
10 20
Lumirror 23.66 +£0.21
PEN
Tyvek 8.92+0.17
Lumirror 26.10+0.16
TPB
Tyvek 11.51 +£0.14
1 20
Lumirror 22.04 +0.11
PEN
Tyvek 8.51+0.11

22




The first step to build LY map for different OV configurations

Prelimina

Which voxels are empty?

v' Empty inside SSVessel

Preliminary

Fig.14. The 3D histogram of voxels
with mean LY

T

400 300
Y, [em]

200 100

Fig.15. The 3D histogram of empty voxels
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Comparison of the LY map for different particle simulations

Simulation parameters: Simulation parameters:
* electrons; * optical photons;

* E=100 MeV; * E=9.8¢eV;

* 1000 events; * 4000000 events;

Entries

;‘Z w
JHi !WM)MWM)MWMM I )H MW«W MH * | MM MWWMMMM WMMMWWWWMM MWWW J “Wﬁ A MM M}OMWW MﬂwM»MWMW

Figure.. The mean LY vs Voxel ID Figure.. The efficiency vs Voxel ID



Influence of LAr absorption lengths on the LY value

Table.. The values of the LY for case 32 Simulation’s parameters: Cosmic muon, veto yield 0.02,
PDUs on SSVessel events 1000,

WNLS\reflector | |E0lnlliiels Tyvek

=R REIBIOER 23.26 + 0.19 | 9.76 £0.15 LenLArVisAbs = 10 km,
JSNNGIEIOEN 20,28 +0.17 | 7.67+0.14 LenLArUVAbs=10 m

WL S\reflector | [Elldgels Tyvek
ENERIVEN 27.92 +0.22 | 11.78+0.14 LenL ArVisAbs = 10 km,

LenLArUVAbs=20 m
SNSRI 23.66 +0.21 | 8.92+0.17

WNLS\reflector | Eiliiiiiels Tyvek
=R REIPIOE 26,10 +0.16 | 11.51 +0.14
NN REPIOE 22.04 +0.11 | 8.51+0.11

LenLArVisAbs = 1 km,
LenLArUVADbs=20 m
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