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Outline

(The DEAP-3600 experiment

(Recovering WIMP sensitivity

'More physics with DEAP-3600

TeVPA, Valéncia, November 2025 - Vicente Pesudo



The DEAP-3600 detector

Most stringent limits for standard WIMP Sl interaction with a:

( Potential path for next generation J

3
TeVPA, Valencia, November 2025 - Vicente Pesudo
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Acrylic flow guides

_~—48 Muon
A veto PMTs

— 255 PMTs
/ & light guides

Acrylic vessel
Steel shell

- 3600 kg
liquid argon

Filler blocks

TeVPA, Valéncia, November

e 3.3 tonne LAr target in ultraclean acrylic

vessel (R =85 cm).

e In-situ vacuum evaporated TPB on inner

10 m? surface.

e Bonded 50-cm-long light guides: distance
to PMTs

e 255 PMTs: Homamatsu R5912 HQE. 8" - 32
% QE - 75% coverage.

e Immersed in water tank with PMTs to veto
muons (Cherenkov light).

e Located 2 km underground @ SNOLAB:
6000 m.w.e -> 0.08 muon/m2/day

2025 - Vicente Pesudo



The DEAP-3600 detector: Ar scintillation b

0.05 -]
e i F Prompt : 0-60ns |
-

e Singlet state decays fast ( 8 ns) & dominantly W o Late: 60ns-10ps -

PMT Voltage [V]

025 1

populated by nuclear recoils »
e Triplet state decays slowly (1.4 ps) & dominantly é;‘; § ) I |
populated by electronic recoils E el : |

Eur. Phys. J. C 80,303 (2020) 025

e Pulse shape allows us to discriminate against |

gomma and beta backgrounds. 2> iy
Eur. Phys. J. C 81,823 (2021) 0.9¢

0.8 .
075
065 &

0 1000 2000 3000 4000 5000
Time [ns]

T (keVee)
20 40 60 80 100 120 140 160

e Position reconstruction and fiducialization allow

mpt

£ 0.5F
us to reduce surface and external backgrounds. = o4 .3
03 :
JINST 20 P07012 (2025) g,% N A e ol “ m——
1 gi: FID. VOL. (630 mmy : g:g 'i"':“;’i - — é
 Noelectric field g T Q™50 100 150 200 250 300 350 400 450 500
LB o j Number of photoelectrons

10 010270304 050607 0808 1.0
(x+y2)/(850 mm)? (&)

TeVPA, Valencia, November 2025 - Vicente Pesudo



The DEAP-3600 detector

B

10

DEAP-3600 (2019)

1 1 lllllll

WIMP-nucleon og; [cm?]

10k o E
. LZ Phys. Rev. Lett. 131, ]
; 041002 (2023) ;

]0—48,| ; Lo aaal ! Lol ! T e S
10" 107 10° 10°

WIMP Mass [GeV/c?]

TeVPA, Valencia, November 2025 - Vicente Pesudo



The DEAP-3600 detector

10 44
o 107} .
iy C 3
e [ :
Eﬁ T :
[>) = ]
= E 7
8 1 3
E _ I
; 10V 5
: LZ Phys. Rev. Lett. 131,
) 041002 (2023) i
]0—48.1 : L1 L au . L 1o el | T T
10" 10° 10° 10"

WIMP Mass [GeV/c?]

TeVPA, Valencia, November 2025 - Vicente Pesudo



The DEAP-3600 detector: goals

1. Tackling limiting factors to WIMP sensitivity (hardware
upgrades) )
-
2. Finalize refined DM analyses (better detector model +
Profile likelihood + machine learning) and unblind
)
(3. Learning for DarkSide-20k, ARGO and LAr detectors J

4. Exploit science cases: exotic DM candidates, solar neutrino,
axions...

TeVPA, Valéncia, November 2025 - Vicente Pesudo



The DEAP-3600 detector: exotic DM searches

Particularly suited for some exotic DM scenarios:

- Best limits for xenon-phobic DM Phys. Rev. D 102, 082001 (2020).
- Prospection of unpopulated regions of the parameter space at Planck-scale
masses (ultra heavy) Phys. Rev. D100, 072009 (2019).

- Ongoing analysis for inelastic boosted dark matter.

_40 \ —— XENONIT: IV (Rescale)
10 \ —— DEAP-3600: IV (Rescale)
\  —— DEAP-3600: IV (NREFT) ]

10—41 L

10-—42 L

0p [cm?]

10—43 L

10744}

- XENON1T: XP (Rescale)
—=- DEAP-3600: XP (Rescale)
10_45 | —=—- DEAP-3600: XP (NREFT)

L s 3 = 10° 102 10 10" 10" 10?
m, [GeV/c?]

10
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Recovering WIMP sensitivity

Bkg 1. surface

2%Po on the neck (above target)

Inner neck (green)
Vacuum jacketed neck (orange)

1050~

1000

950

z [mm]

850

: i P 1 | "
50 100 150
X [mm]

=t+—Inner flowguide
% (inner surface LAr)

— Inner flowguide
(outer surface LAr)
Piston ring

Quter flowguide
(inner surface LAr)

!UV Scinullalion§

TeVPA, Valencia, November 2025

Neck Cool .

veto (NV) \ ooling coil
Gaseous — Acrylic flow guides (FGs)
argon ;

— 48 Muon
" / veto (MV) PMTs
255 PMTs
& light guides

Acrylic vessel (AV)
" & TPB layer

Steel shell
3279 kg

. liquid argon

" Filler blocks

\' . “— Foam blocks behind
PMTs and filler blocks

Bottom spring support

PRD, 100 (2019), p 022004

11
- Vicente Pesudo



Recovering WIMP sensitivity

Bkg 1. surface

2%Po on the neck (above target)

z [mm]

1050~

1000

950

850

'l | Lo
50 100 150
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—— Inner flowguide

(inner surface LAr)

— Inner flowguide
(outer surface LAr)

Piston ring

Quter flowguide
(inner surface LAr)

!UV Scinbllauon§

TeVPA, Valéencia,

DEAP - 3600 F y Si
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RBCOVGrinE WIMP SenSitiVitV e Neck events will have a different time
Fix 1: WLS modifying the time profile: distinct PSD pattern.

orofile of alpha scintillation e More light collected.
e Out of the ROI.

Pulse shape contributions:
* Liquid Argon (ts= 6 ns, 1y = 1300 ns)
* TPB (ty=2 ns)

Pulse shape

Non-Coated

PMTs

Pulse shape Pulse shape contributions:

* Liquid Argon (ts= 6 ns, T, = 1300 ns)
* Pyrene in PS (1, = ~280 ns, Te = ~250 ns)

Coated

NIM A 1034 (2022) p 166683

PMTs

13
TeVPA, Valencia, November 2025 - Vicente Pesudo



Recovering WIMP sensitivity

Bkg 2: degraded alphas from

dust particulates in suspension

DEAP operated with no

recirculation or filtration

o :’rellmlnnry ' , : . ' 5‘55‘2’
o I .t cina- iz
%10*‘
E lost in the dust itself does
N el 5 5 A | R T not produce photons.

Photoelectrons detected
14

TeVPA, Valencia, November 2025 - Vicente Pesudo



Recovering WIMP sensitivity

/Fix 2: New
recirculation+filtration
system to remove dust

from target

j

External cooling also

prevents condensation

in the neck!

TeVPA, Valéncia,

November 2025

Vicente Pesudo
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TeVPA, Valéncia,

November 2025

ic

o "‘\\)

ehte Pesud
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Current state and WIMP search prospects
Ve EO.S :
Neck upgrade finished s .

J
f . 0.4 — oo
Detector cool down and Ar fill finalized tion
on JUI.y o : sA;gon Scintillation
J 0" 500" Togo 1500 2005 200 3pse, s doap oo S0
/ . . = Prelim:nary l DEAR o
Data taking for ~2 more years (until S sty gy Raid
DarkSide-20k is running) \ |
j 200 B
Finalize refined analysis ool E Ka
and unblind b i

0
Reconstructed Rho [mm]

TeVPA, Valéncia, November 2025 - Vicente Pesudo

Rate [Hz)
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39Ar specific activity in atmospheric Ar Eur. Phys. J. C 83, 642 (2023)
w e T I P M T '_%0'966 E ! ! ' ! ' ! ' !
%10"5 |:-| z:':el - 3’%0.965 - Specific Activity Measurements [Ba/kg__, 1 =
21 03; ) i‘:f::_:; ] ;E 0,984 é_ Trendline Fit with Average Statistical Uncertainty |
S U D ERB ‘g‘ E
O sl N R Fit range G 0.963 -

107 - - - . < g

. : 72/ndf (687.42/531) = 1.29 o - E
10: ...................... ‘ g 0.962 C
: | NI %) 0.961:— 3
K13 . . = 0.960 -
= 2F ST . g v G C
§ [; = '-‘.‘.\-..\.' e "»'1 i 75 “ .'. :, :4.".. A ...,‘\ o 0.959 : —
g 1E . ‘,“I"". ".' ‘\:'-’\."1 . .‘l. : i E [
e 1 I o . _ 0.958 =
I 3000 6000 8000 0000 pE 0.9%7(; T T s
2016 2017 2017 2017 2017 §017Start Tiri?eﬂ
un

Measurement Specific activity [Bg/kgaumar] Precision measurement of ¥Ar activity in

WARP [13] 1.01 £ 0.08 . )

ArDM [14] 0.95 + 0.05 atmospheric Ar:

DEAP-3600 (this work)  0.964 + 0.024

+ +
0964 0001, + 0024, Ba/kg

19
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39Ar lifetime  Eur.Phys.J.C 85 (2025) 7, 728

£ ; T ¥ T T X T
S | ;éz/ndf= 174.5171
e HHk o= (2949.2%03) Hz
614 f .M% Ty ;| 1802 8)years Zeldes et al. (1952) . I .
& i
> J I i % [ | ———— — R B R ——— I ——— S ———
3613 [ bt T
; L l ! N l i“lllh I” | | I St
: Ty | oenner et al. (1960)
612 |- [ L8l I
C Iyl N e s e s s S s e
611 i 1M i U fiil ]
C | i -""'h’llln ] Stoenner et al. (1965) ". .
610 |- ITH
B 1 |" i)l |‘ e
: , [
609 [ |
W Baksi et al. (1996) . |
808 e o073z o207 BiAz o207 oiiol O .| OO —
2016 2017 2017 2018 2018 2019 2020
/ NDS (2018) ". .
st direct measurement of the $7Ar R R = R .
half-life: DEAP-3600 (2025) -
T (302 8 6 ) 1 1 1 | 1 L 1 1 l 1 1 1 1 1 1 1 1 I 1 1 1 1
= + + ears 200 250 300 350 400
1/2 stat Sys Y *9Ar half-life measurement [years]

2.5 o tension with NDS
J
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Alpha quenching in LAr

Eur.Phys.J.C 85 (2025) 1, 87

-

Three data points for the alpha
Quenching Factor (QF) in the range (5.489
- 7.686) MeV.

Measurements relative to 210Po QF from
Doke et al = 0.710 £ 0.028 (@ 5.305MeV) /

g T T T T :
ﬁ 1200 |- ¢ Data .
o i — Fit function
8 1000 |- » PE peak positions | =
= _
< 800 - —
> L
Q 1
© 600 |- XN ’
400 [ %o 00’ ﬁ .
[ Qo o O 3 |
% ° 3 8
200 | Bt B
P % %]
10000 20000 30000 40000 50000

Photoelectrons detected

-~

low-energy region down to 10 keV

Extrapolation of the QF values into the

)

TeVPA, Valéncia,

November 2025

5 1.1 : T R s e
g i [ | #'%4 source T. Doke et al. (1988)
w 1.0 [0) 218p, 214pg isotopes: Extrapolation using DEAP-3600 Data]
m - 4
£ i with uncertainties due to relative PE peak positions only
< | £l
2. 09 -mmmimm Nominal: QFy° x QF ¢ ]
8 | i 1oband:QFr xQF:” ;
G 0.8 -
0.7 F ot e NS
0-6 o i
r“ “““
05 7]
| 1

4

10
Energy (keV)
- Vicente Pesudo



Detecting 8B solar neutrinos
PAr+v_— K* + e

/

Enhanced cross section for populating

the isobaric analog state (although

not directly measured|)

)

m E T
J;T (MeV)  (nsec)

5.885

2.73

2.29

1.96

164
+ several
Gamow-Teller 0.80
transitions oo o

Esignal = Ee it ZEy
AN = E, - 1.5 MeV

(9964%) ¢ 5. Raghavan (1986)

TeVPA, Valéncia, November 2025

(coming soon)

4.4 MeV gamma
from AmBe source

AP
, Preliminary 13

> 10 E | IR R LA A | LGS L LT T AR N IR R L L 3

_Qc’ F / . Scaled AmBe (n,y) Estimate 3

3 102 3 y Cosmogenic Background 3

E 10 :r Neutrino Signal ;

E :

g 1k 3

>

10 F Prelim. bkg, for 3

1072 ;iﬂ% 5E

10°° r
10 |

10'5 B | 1 1 1 L4 11 ]

2 4 6 8 10 12 14 16 18 20
Energy [MeV]

Two approaches towards radiogenic

bkg estimation

/

Cosmogenic background from muon

activation thoroughly studied

- Vicente Pesudo
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Even more physics in the oven

(Solor axion search

(Seorch for Inelastic Boosted DM

P
Muon flux and instrumentation

P
Neutrinoless double electron capture in 3°Ar

p
Search for neutrinos in coincidence with gravitational waves

TeVPA, Valéncia, November 2025 - Vicente Pesudo
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Outlook

(DEAP-SéOO: largest running LAr experiment designed for the WIMP search

a
World-leading sensitivity to WIMPs in LAr, as well as v adsorption and

ultra-heavy, multi-scattering DM

/Hordwore upgrades to strongly reduce the alpha-induced backgrounds in
the WIMP ROls

-
Main backgrounds within the WIMP ROI: dust-alphas and neck-alpha

induced events, now included in the PLR WIMP search (coming soon)

( Learning for DarkSide-20k, ARGO and other LAr experiments

(Third-ﬁll completed, more results on the way!

TeVPA, Valéncia, November 2025 - Vicente Pesudo
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1.00

Recovering WIMP sensitivity

2

Bko 1: surface ?°Po on the - .
neck (above target) £ o75) -

0.70 &

0.65

0.60 i ’ :
.5 50 200 250 300
Photoelectrons detected
Unfortunate combination of:
- Surface activity

T ﬁ
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__—mnerﬂowswde - Condensation on neck surtf.

(inner surface LAr)
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1
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DEAP - 3600 Preliminary Simulation
Nuclear Recoil R = 606 mm

Grad-Cam Pulse pattern
0
100, |y
[} ]
10 07551 =
- £ [Fa
o]
2 050a|, .
o 20 _E_ 1 .-"..
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e -
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0.66 = pmt_132
0.353 = pmt_5
0.839 = pmt_155
0.85 = pmt_83

0384 = pmt_6

0621 = pmt_142

0 = pmt_226

0364 = pmt_12

0 = pmt_225
0328 = pmt_212

236 other features

=01

o @

. +0.06
. +0.05

. +0.05
~0.05 .
' +0.05
. +0.05
~0.04 .
. +0.04
. +0.03
. +0.03
. +0.03
~0.03 .

0.7

28



Intensity [AU]

T T T T 3

PPS Inlet Alphas pulse shape ]

107 E

--------- Bulk LAr NR-like pulse shape ]

10°? E

08 [ E
107
10°

b 1000 2000 3000 4000

5000

6000

Photon Arrival Time [ns]

S1/S2 - =
i "’; vy it ¥ t

s1 I b
irvc

only .. . |

Log, (52/81)

° TTT T[T T [T LTI T LT T[T 1T T

[t}

N

29



Exploring different scenarios

Gaia Sausage (Necib er al.) Debris flow [60]
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Phys. Rev. D 102, 082001 — Published 22 October 2020; Erratum Phys. Rev. D 105, 029901 (20%%9’
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.029901

Exploring different scenarios

Recoil rate in Ar for different non-relativistic

L= 3 Y Moty NtN- effective operotors

N=np i

Phys. Rez\‘/. D 102, 082001 — Published 22 October 2020; Erratum Phys. Rev. D 105, 029901 (2022)’
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.029901

Exploring different scenarios

-

My =100 GeV/c"2.
|Isoscalar coupling (cp
= cn).

Arbitrary cross section
considered, just for

comparison of shapes.

/
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Exploring different scenarios

Recoil rate in Ar for different ¢?/ ¢! escenarios

Phys. Rev. D 102, 082001 — Published 22 October 2020; Erratum Phys. Rev. D 105, 029901 (2022)
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(2020).
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Axion interactions in DEAP-3600 produce EM events

Compton Conversion

* Compton conversion Decay to 2y

* Get 1 gamma and 1 electron, with 5.5 MeV total
kinetic energy

* Inverse Primakov
* Get 1 gamma with 5.5 MeV energy

* Axio-electric effect
* Get 1 electron with 5.5 MeV kinetic energy

* Axion decay into 2 gammas
* Get 2 gammas with 5.5 MeV total energy

Axio-Electric Effect

Inverse Primakov
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