Gup

Swiss Institute of -:'
Particle Physics | |

Cryo Rlé)le Liquids in Switzérdand
S

Marc Schumann  AEC, Univelbltéitgern U
CHIPP Plenary Meeting, 25.06.2013

b

b
UNIVERSITAT
BERN

marc.schumann@lhep.unibe.ch
www.lhep.unibe.ch/darkmatter




I Noble Liquids in Switzerland H

LAGUNA MEG ArDM
LBNO with LAr LXe-Calorimeter LAr DM
ETHZ, UNIGE, PS| ETHZ

Scnal;/m;’iﬁhﬁ“
i i

ArgonTube e JnsAnur - G XENON
LAr R&D o LXe Dark Matter
UNIBE A UZH, UNIBE
MicroBoone
low-E vs with LAr
UNIBE DARWIN
multi-ton LXe/LAr
UZH, ETH,
UNIBE

ATLAS EXO
LAr-Calorimeter LXe OvBp
UNIGE, UNIBE UNIBE




I Noble Liquids in Switzerland H

LAGUNA MEG ArDM
LBNO with LAr LXe-Calorimeter LAr DM
ETHS’I\ILIJQ'E'GE’ talk L. Galli EllnZ

talk A. Rubbia -

Schaff aué'm A\
Pk ¥

ArgonTube ] WintertiGr XENON
LAr R&D Sdnkl LXe Dark Matter
UNIBE UZH, UNIBE
MicroBoone
low-E vs with LAr
UNIBE DARWIN
_ multi-ton LXe/LAr
talk I. Kreslo UZH. ETH,
UNIBE a
Chaowrspitae JLLUgans talk L BaUdIS

ATLAS EXO
LAr-Calorimeter LXe Ovpp
UNIGE, UNIBE UNIBE

talks Doglioni/Weber




Cryogenic Noble Liquids

Target LXe LAr LNe
Atomic Number 54 18 10
Atomic mass 131.3 40.0 20.2
Boiling Point Tb [K] 165.0 87.3 27.1
Lig. Density @ Tb [g/cm3] 2.94 1.40 1.21
Fraction in Atmosphere 0.09 9340 18.2
Price $55$ $ $$
Scintillator v v v
lonizer v v X
W (E to generate e-ion pair) [eV] 15.6 23.6

Whoh (x,B) [eV] 17.9/21.6 27.1/24.4
Experiments in CH ~7 ~4 0

[stopped, running, in preparation]
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Scintillation and lonization

« energy deposition produces
electron-ion pairs and excited atom states;
both processes can lead to scintillation

e anti-correlation between charge and light
= Improvement of energy resolution possible

 E-field dependence (field guenching)

* response depends on particle type and energy

E ===) excitation + ionization

Iy

atom Xe" Xe*+ e~
motion y ¢+Xe
Xe"2 Xe*2
) ve
2Xe + hv Xe" + Xe
scintillation ionization
light electrons
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S2/200 [PE]

Light/Charge Yield

Astropart. Phys 35, 573 (2011)
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I Time Projection Chambers

2-phase Time Projection Chamber

Time Projection Chamber
PMT ———|

PMT
\. . - gasij . pos HV
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g HV % L

jquia v |
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IEXO: Neutrinoless Double g-Decay {£}&

EXO-200 running @ WIPP

lonization

0
o S5 %ﬂlation Ooo(gb

R&D for Barium Tagging @ AEC Bern

- | 0 e .
| 00080 Ba identification is done with a laser-based
k | OOO%OO system (developed at Standford+Colorado).
| Av?,anﬂg Bern focuses on extraction of the ion from the

e LXe TPC. EXO-100 is a cryogenic setup to test
lon collection in LXe and CF4

To control systematics, start to try tagging
the daugther of Rn-222 (Po-218) and detect
Its subequent decay with an x-detector
outside of the TPC

% -4 A Ty~ 3.8 day ~ 3.1 min.
S ' | 100.% 99.98%
. . « 0 aladan [i]
TP_C with light (APDs) and charge 222R, a, + 218p,, » a, + 214py,
(wire channels) readout. iy
(5.5 MeV) (6.0 MeV)
Future:

improve systematics via Ba tagging - need good x-detection efficiency with the TPC
Xe - **Ba™+2e +0v
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1. space to host the TPC

- space for the displacement
device, dipper and alpha
detector

- LN, tank with cold finger

Photograph of the inner chamber  cap render of the inner chamber

of the cryostat along with the LN,

of the cryostat and of the LN, tank
tank showed below id =
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Ar
ArDM: Dark Matter with 1t-LAr TPC = %

ETHZ

Fﬁ@ ? @ Fully PMT-based readout:

* 2 new arrays of 12 x 8* Hamamatsu PMTs
l - (R5912-02MOD-LRI), TPB coating

* primary scintillation light (in liquid)

. Top PMT array

7 in vapor phase charge via proportional scintillation (in vapor)

— discrimination with PSD, charge/light ratio
7 @ Active LAr target: ~0.8 ton
5 — - Driftcage @ Tetratex® side reflectors coated with TPB
g | @ Driftfield : ~1 kviem
— ; side reflectors * ~100 kV at cathode,
— = ) supplied using VHV feedthrough

Drift length ~110 cm

Cathode grid

-~ Bottom PMT
»-hrray immersed
n liquid argon
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_ Ar __ ,
IArDM: Dark Matter with 1t-LAr TPC %
. N ETHZ
Hall A at LSC g = g e g Installed at
| . : 1 T2 Laboratorio
Subterraneo

M e Canfranc (LSC)

—_—

IS8 = The new ArDM detector,
fully assembled in the LSC
Sclean room, being installed
into the detector vessel

GAr data@LSC
1F. Resnati, LIDINE 2013

ool .,—.I:“’G » Installation of ArDM finished March 2013
1  currently: commissioning with GAr
g P improved uniformity. Detector is taking data.

LY=2 pe/keVee @ E=0 keV, measured with «

0.6~

number of p.e. detected by top/total

U B material screening with HPGE @ LSM

028~ partial energy’ I’ in-situ n-measurement with liquid scintillator
Siptdeposit INKGAr g » Next: LAr comissioning

%500 1000 1500 2000 2500 3000 3500 LAr tests: HV, purification, cryogenics...

total light yield [p.e.]

expect physics run by 2014
M. Schumann (AEC Bern) — Cryogenic Noble liquids in Switzerland 10



I Nuclear Recoil Energy Scale

* WIMPs interact with target nucleus arxiv:1203.0849
= nuclear recoil (nr) scintillation E ~ LAr
(B and y's produce electronic recoils) ! | | ST
* absolute measurement is difficult
- measure relative to °’Co (122keV)
* relative scintillation efficiency Le: .
LEI{E”-I‘:I I[_ O McKinsey
ﬂ(f{—f{Enr) ; e . M o - ] O Warp |
]-_.1 {Eﬂ(? 12;} kp-‘\"l } i A This work
. . . Ar recoil energy [keV]
measurement principle: - " PRL 107, 131302 (2011)
0'35;_ X Bernabei 2001 T LXe_E
035" 3 Aprile 2005 E
n o2 G Gl + i E
T 025 . pameron e
— = -
0 015 E
n 015 E
> LAe = -
0.05= =
0 > 3 4 5678010 20 30 4050 100
Energy [keVnr]
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I DARWIN: LAr NR Quenching ‘\DA_RVV'N

® Active volume surrounded by 30 mm LAr
.ACtlve VOIume 0.2 I ll ll'.i ?IEE neutron energy from TOF [MeV]

®2 x R6091 3" Hamamatsu (Pt underlay, QE ~15%) <=4 satmgler
e PMT coating: evaporated TPB, 0.08 mg/cm? = 1F :
Side reflector: Tetratex/TPB, 1 mg/cm? £ o8 :
C 0.6F ST
__ 0 4 R L ] . e M NS R Lt R ".?‘
NSD dd fusion source .2 :
(2.5 MeV n, 109/s) b of . i : . .
- 200r elastic paak.
E 150+ a:'l:f‘t;d cosmic muons
5 ¥ |
100+
g 50 I.nHI.a=51.i|::5
< e |
-150 -100 -50 0 50
e Signal time in LAr cell before tri
--'lﬂf',, H“i"‘. | ignal time |-n r cell before ngg.er [ns]
B T R LY in LAr for a given n scattering angle,
5" lepele scingliatas coupled to TOF measurements
m - C. Regentfus, Y. Allkofer, C. Amsler, W. Creus, A. Ferella,
. e r _-_'? 5 J. Rochet, M. Walter, arXiV:1203.0849 (TAUP 2011)
] peiEE P N . C. Amsler, arXiv:1105.4524 (WIN'11)
. : -I " w—— —— il - o W. Creus, PhD thesis, in preparation
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_DARWIN

DARWIN: LAr NR Quenching

L,
AnaIySiS: - —— Raw spcirum
- Geant4 MC simulation yoon 0 375 pefkey ntoaratcomaction
- correction for LAr impurities woooE- L LA amrpeey
slow component is very sensitive to impurities ~ groo- Y
JINST 3, P02001 (2008) g / \
- = 100D 1
fast component dominates for NRs - /—’ A
— strong reduction of systematics reached s
— indication for rising LY mu;«" %
: w0~ N
Ongoing upgrades, plans: A S -3,;;*'-—:,;%”
- repeat measurements with E-field 0 Ftiipe)
- go to smaller angles (energies) E ? ? UZH
- problem: personnel? 1 S SRR N S S MicroClean
400 28 keV abb .
80 = -
: Ler = 0.289 + 0.012 & 03 Mhgeoger _,_ -_--;':;".'::;;."_“.;'i;'é_:;.'";;.'_'._‘;'_'.“:_':_
o ol }HH_T%_H ” L
0 1E lowest datapomt 11.4 keV
0:t el o g s el a oawlaeealqngsg
0 50 100 150 200 250
Energy[keVr]

0 T N I I P i
0 20 40 60 80 100 120 140 160
IPH[pe]
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I DARWIN: LXe ER energy Scale -

Cryostat LXe Ph Nal
1570y \/ AN | 300
i} F’l \\ ‘ 5
3 -4 e——»*j:m —
; 50
Measurement of LXe response 3
to electronic recoils shows 100
that LXe detecors can probe 50
the DAMA energy range (2-4 keVee) o

PRD 87, 115015 (2013)

T .I tl:}.t;ohl;‘llsl‘ku {1 gglij T T T T T TT1T T T T T T TTTT l
¢ Aprile 2012) ++ ]
— NEST (v0.98, 2013) 1+ ]
If‘fﬁ%‘ | |
0.8F T ]
0o 0.6 | j ]
. 7
Light output l/ I |
relative to 0.4¢ v -
83Krm T
02F
© Compton seatters (this work)
(32. 1 kEV) o C:E:lli';?oic:m‘:ces (ﬁ:i'ork] 1
Band used for threshold caleulation |
0 0.5 1 2 20 50 100 200

5 10
Energy [keV]

DARWIN

é

UHZ

200 h¥T

250

1 T R 1 1 =
' ) 525 ; I 6.25
i I 0Viem i i 0 Vicm
I 1 200 I 1
1 I [ 1
I |
o 1307 i
g [ 1]
' © ool
1 [
1 [
1 S0
| i
1 [
d pu
0 20 40 il 0 50 100 150 200
Scintillation Signal [PE] Scintillation Signal [PE]
I I(l} C&mlmnnlacnl’nei'a I(t]l:uila I'al.'u}rl-c)
O Calibration sources (this work)
1.2¢ O  Manalaysay (2010)
¢ Aprile 2006)
—NEST (v0 98, 2013)
1 -
-
= 08 A — .
[ i) —] —L— a
=f —
= 0.6f [ .
04f
0.2 electric field quenching 1
(relevant for TPCs)
D 1 1 1 1 111 1 1 1 1 L1111 1 1 1 1 11 1 11
05 1 2 5 10 20 20 100 200
Energy [keV]
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| DARWIN: Photosensor R&D -

/

UHZ

MarmotXS temperature Top, last 72 hours

S et E Avalanche Photodiodes (APDs) @ UZH
""""""""""""""""""""""""""""""""""""" EBY - 2 APDs (RMD S1315-P), 14x14 mm? area
R & (10 more to come after initial characterization)
i . - optimized for VUV light
e 11 L | AL e - gain tests in LXe, 1K T stability
o E i resolution and E calibration to come

A T R R BRI B
18(02:00)  18(14:00) 19(02:00) 19(14:00) 20(02:00) 20(14:00)
time (d(H:M))

- goal: increase linearity over
large dynamic range
- hybrid PMT+APD TPC @ UZH

/ RMD APD Gain

/:n l[l/ ut[ﬂT,l]l

will also study
SiPMs (Hamamatsu)

Il 'l L L 1 1
200 400 600 800 1000 1200 1400 1600
Reverse bias voltage [V]
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Latest science data (2012) : o owf
of 225 x 34 kg days exposure e -
has been analyzed in terms s R T e e g
A g2 00T A ) ,'-"" Dot -"'.'--""I o AT ] i.l.':‘ 3
of spin-dependent WIMP- SLE & SR U S
nucleon interactions E_|L ----------------------------------------- el }
gi-o_ﬁf— | //f————-)‘—_"_"rﬂﬂ#
accepted by PRL, arXiv:1301.6620 = <s¢ I /,/”f I
10 :—/J/ |
N R NS LT N L DT B D N
5 10 15 20 25 30 35 40 45 50
Energy [keVnr]
we—————————————————— A - '
| v, )
35| + 1o expected sensitivity + 10 expected sensitivity

Quick Facts
* 62 kg LXe target s}
« 2-phase TPC 3
* 242 PMTs 2
=

1077k

SD WIMP —proton cross section [c.rr12]

» Lowest background 107"
of all DM detectors ol R

° i 107 S = 3 4 10’ 0° 10° 10*
running @ LNGS (IT) 10 e v 10 WIMP Mass [GeV/c?
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I XENON100: Low E NR Response

UHZ, Bern

— successful absolute neutron data/MC matching down to ~3 keVr

ﬂs.u*j‘“s : _.EHJ“; L B L R e
E : : + * Data : g N +« Data =]
o 25 : — BestFitL,, —© g BestFitQ, 1
2.0:— _ 10° =
1.5F - .
1.0 = -
- . Charge Z
0.5 — -
- H L - MRS SPRRPIIRITC) (PRSPPI [UPISRCTIN TR SPRRSMIS) NCRIIRRTE S
1 10 102 1000 2000 3000 4000 5000 6000 7000 8000
cS1 [PE] cS2 [PE]
Energy [keVm]
1 20 40 60 80 100 120 140 160
S1 [PE] ETUDOE L e e E
YU SN NT M TN NN, :
T i | ® 5000 s
o OSEL | . | = 5
3 E e ; | 4000 =
= 06 . : E 3
= Pl Pl Acceptance | 30005 =
g oafp |l A 0 T § | = S
< C | : . 20001~ =
“E T 1000 E
00_ - L [ B B I A B |..|.| . : | | | | | | E
. 5 10 15 20 25 30 35 40 45 50 0 : : : 20 L L 40 60 L : 30 : 100 : : 120 L : 140
Energy [keVnr] ¢S1[PE]
arxiv:1304.1427
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I XENON100: Low E NR Response

UHZ, Bern

— successful absolute neutron data/MC matching down to ~3 keVr

Light: Relative Scintillation Efficiency Charge: Charge Yield

E 0.30 B .I T L B T T T T T T T ] — 11 = 1 =
- - : :ﬂzr::uft.]?ocio _,}_ . % 10 z— ‘ e Aprie 2006, 0.2 kViem _z
025~ . piante 2011 i 0 = oE A Manzur 2010 E
- Hom 2011 . % =S Horn 2011 3
0.20 [~ —— Aprile 2011 =4 O 8 ;— = = = Bezkov Q, _;
" === XENON100 (this work) - - 7E- — XENON100 (this work) =
015~ 4 eElL.. E
- 1 s r :
0-10:-.-------_ = __ 42_ l“' e _E
. - = ) 1*&. E
* o 3:_ - —
0.05 — = . 3
- - 2 —

:J | | 3 = | |

2 10 2 10

10
Energy [keV ]

m
=
1]
-
(L]
-
=
(-]
<

arXiv:1304.1427
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LABORATORMM FOR HOCHENERGIEPHYSIK

ARGONTUBE LHEP

/ Drift length: 5 m

&+ 3 Max Cathode Voltage: -500 kV
Active volume: 0.2 m?®

Active mass: 280 kg

Full drift time @1 kV/cm: 2.5 ms

Temperature: 87 K
Dewar with outer LAr bath

Outer volume: 1.2 m? ‘\v
Inner volume: 1.1 m?® N —

arXiv:1304.6961 XY-wire readout (64x64 ch, 3mm pitch)®
warm preamps: ETH design '
cold preamps: BNL LARASIC-4
— under study

To via 2 PMTs coated with TPB

Science Goals of ARGONTUBE:

* Achieve lifetimes of O(ms)

* Apply 500kV generated in situ by Greinacher chain
* Measure charge diffusion at dt~O(ms)

 Test threshold achievable at 5m drift with direct charge readout
and warm/cold electronics; also test charge amplification

[
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v
= ] |
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http://arxiv.org/abs/1304.6961

UNIVERSITAT BERN

ARGONTUBE

Tracks from ARGONTUBE

Bern
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LABORATORNM FOR HOCHENERGIEPHYSIK

ARGONTUBE LHEP

_______ % . . . B . #‘Uzire
UV laser pulse Quarzglass ) ) Bern
§ feedthrough Calibration Laser
o : Use laser for calibration.
Arieve 1 Measure space charge effect?
........ : S ane readout Laser: A=266 nm
| lr efficiency Q~107° e/photon
1 £ 5 pulse duration 5-6 ns
58
‘-: c - - - .
: £ 4 New measurement of longitudinal diffusion:
I Electron Diffusion in LAr from Artazhev with Data
E ' T TTIm |
~ I > 25 5 .
< [ E .
I »  Shibamura
] = Derenzo
I ‘_f'l 20 s Leckner
' g |
I — A rFYIn
1 = 41 a‘ # Ll o ul,
I photoelectric ‘Edu 15 e ) ) TR
— T aff N ) p
! :4,-—”"’—./—# effect (2 o‘ e li
é 10 & e !
: =5 A _| H
Nl
5 —~- -|r+ i i
10 o + 500 11000 500010000
Ele ield (V/em)
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UHZ, Bern

Hamamatsu R11410
* high QY (~35%)

* high CE (~95%)

| Xe operation

* low radioactivity

Tube was tested at UZH
In realistic LXe/GXe

2 SE JINST 8, P04026 (2013) . _
2 soE-! environments:
S LE e gain, P/V in warm/cold
43%‘ - afterpulses
7 EN ;3 * radioactivity
16! m e performance in E field
B . . . oy * long-term LXe stability
EICE o | E | : <«— | elthermal cycling
P =S —— - I
% - I o ~ 248 of these PMTs will
_L: 107 ;:ll : . LO-H 1—4—1 — e 00000t 000 ¢ 0 be used in XENON1T
I S S N T R D D l , . (purchased by UZH,
30/08 13/09 27/09 11/10 25/10 08/11 22111 06/12 Columbia, MP|K)

Date [ Day/Month]
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UHZ, Bern

Swiss Responsibilities:
TPC Design (UZH, Bern)
TPC construction/testing,
LXe cabling, material screening,
== MC background studies,

4 PMTs+PMT caibration (UZH)
DAQ, air side cablin |

o

starts next week,
by mid-August, a big
part of the water

shield will be finished

-

7z

fall B @f]f__NIGS,HMay 2013 .
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Summary

LAGUNA MEG ArDM
LBNO with LAr LXe-Calorimeter LAr DM
ETHZ, UNIGE, PS| ETHZ
UNIBE
E:ha‘/auwn_
ArgonTube o Vintertfilr XENON
LAr R&D LXe Dark Matter
UNIBE UZH, UNIBE
| uGems
MicroBoone
low-E vs with LAr . i
UNIBE " elated tofusing cryogenic noble hquids 5. | DARWIN
: _ g Cryog G multi-ton LXe/LAr
In Switzerland. It can be seen as an UZH, ETH,
zaneva internationally renowned center for UNIBE
physics with cryogenic noble liquids.
a
ATLAS
LAr-Calorimeter EXO
UNIGE, UNIBE LXe OvPP
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Backup
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| CDMS-II (Si) and XENON100

10—39

—_
<
Lad

H z . .
SN 4 = How would the (most likely) CDMS-II (Si)
£ 1079 T 072 signal look like in XENON100:
g 10_4[ 10_5 § %:_ 1“]3%_ | — B GeV ¢” | E
e S g ET --- 25 GeVc? 1'
2 100 107 3 ’ B | I 3
o £ = ]
= = - | I .
= | = - | i
-4 107 == 1 I E
S 40 50 = |
C |
1 .|..| ] - ] I JI
0 5 10 15 20 25 30 35 40
cS1 [PE]
XENON100 CDMS-II (Si) 5 oaE T -
PRL 109, 181301 (2012) arXiv:1304.4279 o °'2__3 A e .t
( ) ;:E 00; 'i‘n-: -'.:‘:t-.f'"j.g f%#‘-ﬁ ::
« CDMS claim challenged ° ‘“’ _H_F__Ef__r "
by XENON2100 non-observation = ol I 10
« XENON10O result backed-up by AR o cpen s o cpaey ool
recent low-E NR study (arXiv:1304.1427) SHTIPEl
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