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I Direct WIMP Search

I Elastic Scattering of Target Atom
I WIMPs off target nuclei *
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I Direct WIMP Search

I Elastic Scattering of
WIMPs off target nuclei ‘ WMk .
I v ~ 230 km/s

»y

O
(.
®
Q
;£
“Q
1
E
S
)

M. Schumann (AEC Bern) — The Search for Dark Matter



I Direct WIMP Search

I Elastic Scattering of
WIMPs off target nuclei WIMP
I v ~ 230 km/s t
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Direct WIMP Search

WIMP

Elastic Scattering of
WIMPs off target nuclei WIMP
= nuclear recoll v ~ 230 km/3

Nuclear Recoil
Er ~ O(10 keV)

Detectable
Signal
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Direct WIMP Search

Elastic Scattering of
WIMPs off target nuclel
- nuclear recoill

M. Schumann (AEC Bern) — The Search for Dark Matter

WIMP

WIMP

3> Nuclear Recoil
- Er ~ O(10 keV)

Detectable
Signal

v ~ 230 km/s

gamma- and beta-particles
(background) interact with the
atomic electrons

— electronic recoil

10



Direct WIMP Search

WIMP

Elastic Scattering of

WIMPs off target nuclei WIMP 4
: ~ 230 km/ Nuclear Recoil
- nuclear recoill v m/3 &Y 50 kev)
Detectable
Signal
. P s . A L
Recoil Energy_ B, = S = (1 —cost) ~ O(10 keV)
2m oy N
y e X N number of target nuclei
: Rox N2{ag,_n g
Event Rate: o m, (Tx-N) p/m, local WIMP density

X
/ f \ <o> velocity-averaged scatt. X-section

Detector Local DM Physics
Density

p,~0.3 GeV/c?
M. Schumann (AEC Bern) — The Search for Dark Matter 11



Direct WIMP Search

Summary: Tiny Rates

R < 0.01 evt/kg/day
E_<100 keV

Recoil Energy: £, ~ O(10 keV)

Rx N2 (g _u)

Event Rate: m,

TN

Detector Local DM Physics
Density

WIMP-Nucleon Cross Section [cm?]
=

p,~0.3 GeV/c? J

M. Schumann (AEC Bern) — The Search for Dark Matter

Diff. rate [events/(kg d keV)]
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Direct WIMP Search

Summary: Tiny Rates

R < 0.01 evt/kg/day
E_<100 keV

How to build a WIMP detector?
e large total mass, high A

 low energy threshold

e ultra low background

« good background discrimination

M. Schumann (AEC Bern) — The Search for Dark Matter

WIMP-Nucleon Cross Section [cm?]

Diff. rate [events/(kg d keV)]
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Direct WIMP Search

Summary: Tiny Rates

R < 0.01 evt/kg/day
E_<100 keV

How to build a WIMP detector?

e large total mass, high A v

 low energy threshold v

e ultra low background v

« good background discrimination v

for liquid xenon dual phase detectors
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WIMP-Nucleon Cross Section [cm?]

Diff. rate [events/(kg d keV)]
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Direct WIMP Search

Summary: Tiny Rates

R < 0.01 evt/kg/day
E_<100 keV

How to build a WIMP detector?
e large total mass, high A v

 low energy threshold v

e ultra low background v

« good background discrimination v

for liquid xenon dual phase detectors

We are dealing with

» extremely low rates (1 — 1000 Hz)

» extremely low thresholds (2 keV)

« extremely low radioactive backgrounds

M. Schumann (AEC Bern) — The Search for Dark Matter

WIMP-Nucleon Cross Section [cm?]

10

Diff. rate [events/(kg d keV)]

Argon i
Xenon

m, = 100 GeV/c? |
o =4x10- 43cmzi

form factor@
|
|

W 20 3 4 S50 & 70 B0

Recoil energy [keVr]

“WIM

1 event/kglyr

1 event/tonlyr

P Expectations

CMSSM: Trotta et

CMSSM+LHC:

%3(' IIIIH:

Buchmueller et al.

o

20 30 4050 100 200 300

WIMP Mass [GeV/c?]

1000

15



Backgrounds

Muon reduction in underground laboratory

Experimental Sensitivity

Muon flux vs overburden

without background: o (mt)™ i
with background: oc (mt)™?
“.:105_ B
Background Sources e

Gran Sasso

environment: U, Th chains, K

Homestake Baksan

Mont Blanc [

238\ _, 234Th _ 234mpPg _, 234 _, 230Th J 226Ra - 222Rn
a B B a a a a

232Th _, 228Ra -, 228mMAc ., 228Th ., 224Ra - 220Rn _ 216pg ...
a B B a a a

- 218PQ ...

A A R A | t t A A R
5 6 7889 2 3 4 5 6 7 889

* y and B Decays (electronic recoil) " Depth [mwe] o

— intrinsic“ bg most dangerous (kKr85, Rn222)

* neutrons from (x,n) and sf in rocks
and detector parts

* neutrons from cosmic ray muons '/ g _ : |
Electronic Recoils Nuclear Recoils

(gamma, beta) (neutron, WIMPS)
M. Schumann (AEC Bern) — The Search for Dark Matter 16



Background Suppression

Ha0 ! Folyetmians

A Avoid Backgrounds
Use of radiopure materials

Shielding
deep underground location
large shield (Pb, water, PE)
active veto (u, y coincidence)

self shielding — fiducialization

Rb /-iuw radigactivity Pb m

% [mm]

Astropart. Phys. 35, 573 (2012)

=
-

(I SlialtDogr

1 ~ s 1
0 20 40 60 80 100 120 140
r |mm|

=Floet
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Background Suppression

A Avoid Backgrounds
Use of radiopure materials

Shielding
deep underground location
large shield (Pb, water, PE)
active veto (u, y coincidence)

self shielding — fiducialization

Astropart. Phys. 35, 573 (2012)

% [mm]
in

(I SlialtDogr
=

L alg il ..
: N T
. . .
,'_II'- i.'. =.'..- LI
O 2 40 60 80 100 120 140
r |mm|

B Use knowledge about expected WIMP signal

WIMPs interact only once
— single scatter selection
requires some vertexing capability

WIMPs interact with target nuclei
— nuclear recoils
exploit different dE/dx from
signal and background

M. Schumann (AEC Bern) — The Search for Dark Matter 18



Direct WIMP Detection

Crystals (NSI, Ge) '[l;r;llcg;[l% .
Cryogenic Detectors _ ,
Liquid Noble Gases GRS MIMAC,

CUORE NEWAGE

Superheated
Phonons Liquids:

COUPP
CRESST, PICASSO
ROSEBUD SIMPLE

(Super)CDMS
EDELWEISS

Charge Light
CoGeNT DEAP/CLEAN
CDEX S DAMA, KIMS
Texono ZEPL;N Darksid XMASS, DM-Ice
Malbek , Larksiae
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Direct WIMP Detection

Crystals (Nal, Ge) '[l;r;llcg;[l% .
Cryogenic Detectors _ ,
Liquid Noble Gases GRS MIMAC,

CUORE NEWAGE

Superheated
Phonons Liquids:

COUPP
CRESST, PICASSO
ROSEBUD SIMPLE

(Super)CDMS
EDELWEISS

Charge Light
CoGeNT DEAP/CLEAN
CDEX e DAMA, KIMS
Texono ZEPL;N Darksid XMASS, DM-Ice
Malbek , Larksiae

Dual-phase TPCs

M. Schumann (AEC Bern) — The Search for Dark Matter 20



Dual Phase TPC

Dolgoshein, Lebedenko, Rodionov, JETP Lett. 11, 513 (1970)

TPC = time projection chamber

Xenon gas

liquid xenon (LXe)

M. Schumann (AEC Bern) — The Search for Dark Matter 21



Dual Phase TPC
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Dual Phase TPC
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Dual Phase TPC
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Dual Phase TPC
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Dual Phase TPC

pos HV
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Dual Phase TPC

pos HV

SN R

0.2
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The XENON100 Detector

Astropart. Phys. 35, 573 (2012)

Quick Facts
» 62 kg LXe target
 dual phase TPC
e active LXe veto
« 242 PMTs
* running

@ LNGS (IT)

M. Schumann (AEC Bern) — The Search for Dark Matter

PMT HV and HYV Feedthrough
Signal Lines
Double Wall
Tube to yostat
Cooling Tower
o1 Diving Bell
Veto PMTs ~{_|
|
Top Array Top Mesh
PMTs =] | Stack
— f su_pporﬁng 2] PTPE Pﬂne‘.ﬂ,
e PTFE Rods [|™ | Field Shaping
Electrodes
-___'_______,_—-
TPC —1
= - Cathode
_ || Screening
Veto PMTs | | Meals
Bottom Array ~{
e
cm
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The XENON100 Detector

Astropart. Phys. 35, 573 (2012)

Quick Facts

» 62 kg LXe target

 dual phase TPC

 active LXe veto
e 242 PMTs
* running

@ LNGS (IT)

M. Schumann (AEC Bern) — The Search for Dark Matter

PMT HV and HYV Feedthrough
Signal Lines
Double Wall
Tube to yostat
Cooling Tower
a Diving Bell
Veto PMTs ~{_|
Top Array Top Mesh
PMTs ——{.| | Stack
supporting _ PTFE Panels,
PTFE Rods [™ | Field Shaping
Electrodes
-___'_______,_—-
TPC —1
| L~ Cathode
|| Screening
Veto PMTs | | Meals
Bottom Array ~{
e
cm
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Amplitude [V]
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Single electron sensitivity

J. Phys. G 41, 035201 (2014)

S$2 = 56271 PE ||

S1=787PE
L

L l L i ; . | L L | i | s L s
250 300 350 400
Time [us]
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Amplitude [V]

[T R S & | B o R |

Single electron sensitivity

o

J. Phys. G 41, 035201 (2014)
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Single electron signals

* the path towards an extremely low threshold
— XENON10 low-mass limit PRL 110, 249901 (2013)

M. Schumann (AEC Bern) — The Search for Dark Matter
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Amplitude [V]
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ngle electron sensitivity

J. Phys. G 41, 035201 (2014)
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Single electron signals

* the path towards an extremely low threshold
— XENON10 low-mass limit PRL 110, 249901 (2013)
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 observed signals are mainly from
photo-ionization of surfaces and impurities
— depends on LXe purity
— rate correlated to large S2 signal
— few e~ signals are accidental coincidences

M. Schumann (AEC Bern) — The Search for Dark Matter

70 80 90
S2 [pe]
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Single electron sensitivity

J. Phys. G 41, 035201 (2014)

10°
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%120_— « Aprile et al. [23] - Single electron signals
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ST L g4 +_af___,+ _______ .1 *the path towards an extremely low threshold
S | o %*fﬁ ¥ 1 — XENON10 low-mass limit PRL 110, 249901 (2013)
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Xor : H 4 B 1 ¢ observed signals are mainly from
60| = ¢ 8 gi sz . photo-ionization of surfaces and impurities
: z 2y . - depends on LXe purity
Bt ¢ Fe £ ~ rate correlated to large S2 signal
o0 . & &3 g - few e~ signals are accidental coincidences
SR e e s 55 @ high stats sample to monitor detector stability
Extraction Field [kV/em] e gllows for measurement of instrument parameters
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XENON100 Results

Background
among the lowest of all DM experiments

electronic recoils (,background like*)
rate = 0.0053 evts/keV /kg/day

PRD 83, 082001 (2011)

(in FV)

nuclear recoils (,signal like®)
rate = 0.000003 evts/keV_ /kg/day (in FV)

J. Phys G 40, 115201 (2013)
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logm(S2 /S1)-ER mean
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Last science run PRL 109, 181301 (2012)

7636 kg x d raw exposure
2324 kg x d acpt. corrected (100 GeV/c?)

2 events observed

— compatible with background
expectation of (1.0+0.2) evt

- best WIMP limit over large mass range
(at time of publication)
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The current WIMP Landscape
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Thermosyphon

Copper shield
Top PMT amray
Anode grid
PTFE reflector
panels and field
cage
Low-radioactivity
Titanium Cryostat
Cathode grid
370 kg total xenon mass
250 kg active liquid xenon Bottom PMT array

118 kg fiducial mass

Rick Gaitskell (Brown) / Dan McKinsey (Yale)
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(XENON100):

Raw exposure: 118 kg x 85.3 d = 10065 kg d
34kgx224.6d=7636 kgd

Non-blind analysis, only a few cuts
ngh light yleld rather low E-field (0.18 kv/cm)

it Profile-Likelihood Analysis shows a ]
oal o p-value of 35% consistent with ER |
o e background and no WIMP signal
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http://arxiv.org/abs/1310.8214

(XENON100):

Raw exposure: 118 kg x 85.3 d = 10065 kg d
34 kgx224.6d=7636 kgd *

Non-blind analysis, only a few cuts

High light yield, rather low E-field (0.18 kv/cm)
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o e background and no WIMP signal
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Nuclear Recoil Energy Scale

* WIMPs interact with Xe nucleus
- nuclear recoil (nr) scintillation (g and y's produce electronic recoils)

* absolute measurement of nr scintillation yield is difficult
= measure relative to °>’Co (122keV)

* relative scintillation efficiency Left.
LY (Enr)

average over all direct measurements

L-..r -{ E J — 432 ;_ ‘ I-'.: -: 1. '|ill-’. ‘I’:?(.'l—:— _;
E‘H 1 llr_ - - p r - Sen \I‘_. ‘l =
LY (Eee = 122 keV) 030~ 3 ‘Apeile 2005 E

. 0.25 - o Chepel 2006 ‘ T +I. =

““SE e Aprile 2009 —— ‘ |! + 4 =

I I I - = 0.20 — & Manzur 2010 | o o % =

measurement prlnCIp e. 5 . E ® Plante 2011 Hl= _-_,_ 5 E
0.15F- i =

0.10 =

0.05 E

0.00 =

1 >3 4 5 678910 2030 4050 100
Energy [keVnr]

most recent measurements:

B Plante et al., PRC 84, 045805 (2011)

/\ Manzur et al., PRC 81, 025808 (2010)

— parametrization used by XENON
— parametrization used by LUX
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I XENON100: Low E response

- PRD 88, 012006
— successful absolute neutron data/MC matching down to ~3 keVr ’
wn 3-0 >_<|-l 03 T ‘ T T T T T A ] E 104 E 1T T 1 ‘ L | 1 T 1 ‘ T 1T T 1 ‘ T T T 1T E
s f ight - 113 F Ch -
3 ,sF Light Data 4 8 r arge » Data -
© =k — BestFitL, - i BestFitQ,
20— — 10°F =
15— - i ]
1.0 — 10% =~ =
- - z Shoea :
il El e :
= | Il 1 1 ‘ L 1 i 1 | L il I 1 ‘ I 1 1 i il 1 I ‘ 1 1 I i ‘ | Il I 1 ‘ Il 1 1
1 0 1000 2000 3000 4900 5000 6000 7000 8000

¢S2 [PE]

E 0.30 C T T T T T ' = r:- 11 - T Ir T T T [ T T s

_| - o Aprile 2009 = % 10 E_ ‘ e Aprile 2006, 0.2 kV/em —E

- 4 Manzur 2010 - - & —

025 . plante 2011 - % 9= ﬂ“ - N 3:::;9; 021?309 E

- Horn 2011 T = = E

- . =] 8 Horn 2011 ==

020 — Aprile 2011 . I —-—'—-—.:= OP E ;_‘ C 7 Beariikon _:,

- —— XENON100 (this work) —_—— = 7E- |\p—-.. | --- XENON%U o

015 b - i 0 = S%L,,_-—m—'\ =

: e 1 st e =

0.10F =1 | — aE T e 3

S = 4] : 3E- ' NS =

0.05— = —] g " =

E . 1 S~

/ i ] | L I : : L L ! - ! ! L | L L - L I
2 2 10 102
9 En1elr];y [keVm] Energy [keV ]

M. Schumann (AEC Bern) — The Search for Dark Matter

(2013)

45



LXe Response to electronic recoils

Cryostat L‘{ Ph Nal

\‘ \. M |
| §
L |
/ 1
E(¢) = ( 14 2oy (1 — cos(¢)) )

PRD 87, 115015 (2013)

|

recirculation

Measure response of LXe to ERs of known _
energy in Compton scattering experiment pomme Ty

Cables

Liquid
level |

s

Cathode =775
o

Rev. Sci. Instrum. 81, 073303 (2010)

r
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I LXe Response to electronic recoils

C T\: LXe p{ N’.\'-J
( / — |
] | .
E’JQ e G—'—' ) I W777?
P I | |

PRD 87, 115015 (2013)

Measure response of LXe to ERs of known
energy in Compton scattering experiment
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LXe Response to electronic recoils
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Axion-like Particles (ALPSs)

+EDELWEISS JCAP 11, 067 (2013)
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p produces an electronic recoil signal
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Axion-like Particles (ALPs)

yfEDELWEISS JCAP 11, 067 (2013) ' Galactic ALPS
= N iy “oa, : assume that all local DM is
T i R 5 made of ALPs.
ER, Shn ‘ ALPs created in early Universe
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Axion-like Particles (ALPs)

EDELWEISS
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JCAP 11, 067 (2013)
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Galactic ALPs

made of ALPs.
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XENON100 analysis ongoing...
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The XENON Future

104" = I I I I I I L | I I I I I I L
= CoGeNT (2013) =
— — CDMS-Si (2013) ﬂﬂmm _]
107 e XENONI10 (2013) =
S ]
=, 10 B CRESST-II (2012) ]
= -
= |
5 0oL\
5] A3 L
»n 0 ETy
¥l —
g -
= 10* =
C U E
g —
L 107 =
3 = =
Z - X100 - 100x lower background — __ ==
A, 10% = \ e _-;EN{}N 1T —
ey - o ——— s —]
3 10 = =
1{'}-43 B | L 1 1 | | | ] | | I | | | | | | | | I_
6 78910 20 30 40 50 60 100 200 300 400 1000

WIMP Mass [GeV/c ?]

M. Schumann (AEC Bern) — The Search for Dark Matter 52



Xe

XENON

XENONIT in Hall B @ LNGS

Matter Project
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XENONLIT in Hall B @ LNGS Xe

XENON
Matter Project

- -'Ll l

"Hi] '

project approved and funded
P’ construction ongoing

- T
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XENONI1T

dual-phase LXe TPC
s e - total mass ~3 t
BN - active mass ~2.2 t
| | ' - fiducial mass: ~1t
aae : 2% o e B
@ / !
e :
@ » |
- = Il:;i I ;II .
Ll ml | 1L
‘I .' ;u
1 m f
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XENONI1T

dual-phase LXe TPC
e W - total mass ~3 t
1 ——— - active mass ~2.2 t
/ LT ~ - fiducial mass: ~1t

= B SRR SRR B Some challenges

e Ve sEiss o - high voltage: ~100 kV
o - iy - long electron drift
} | — LXe purification

\

b =3 HV Feedthrough (UCLA)
: X3P 1m drift in LXe (Columbia)

T

T IIJIHIM|1|IHI[H‘HI|IIW

- o o=
e [ - @ @ =l N -

n
Y

I S O S O T [ S S R |
200 300 400 500 600 700 800
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XENONI1T

dual-phase LXe TPC
e i - total mass ~3 t
1 ——— - active mass ~2.2 t
/ | | ~ - fiducial mass: ~1t

TPC made from OFHC and PTFE

18]
& 00 _ng

gl iy Material selection mandatory

) ,i: I .. 1=

—— 23.5 kg PTFE
—— Background

10

102

rate [evts/(kg day keV)]

T I -
1000 1500 2000 2500

Energy [keV]
Astropart. Phys. 35, 43 (2011)

PRI S R R R
100 500

— process still ongoing
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XENONI1T

1 dual-phase LXe TPC
e &l ' - total mass ~3t
BN - active mass ~2.2 t
| | ~ - fiducial mass: ~1t
(=] I ; - =
. 4
° TPC made from OFHC and PTFE
(=3 * ] |: ' ___ 6nm

| 114 248 photomultipliers
i - Hamamatsu R11410-21
INARINInY - low background
_ g - high QE (36% @ 178nm)
liliPZe e seas - extensive testing in

. S cryogenic environments
JINST 8, P04026 (2013)

E - —|% £
) - - 7
i 2 b 2
i} o - | £
A E - 60 z
i = a0l Quantum Efficiency (Lung et al.) 7 E

= - P — 40

g = Quartz Transmission (Hamamartsu PMT Handbook)
g’ 10 } | Xenon Scintillation (Baldini et al.) 1
Y ‘ ‘ ‘ ‘ ‘ 1,
150 200 250 300 350 400 450 500
Wavelength [nm]
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Low-background PMT: Tests

JINST 8, P04026 (2013)

Hamamatsu R11410
« 3“ low-background PMT

 extensive laboratory tests:
general response
(gain, P/V, DC, afterpulses)
performance in LXe
performance in electric fields
intrinsic radioactive contamination

s [ 2 b
& 2k x ME
& [ —=— ZK5626 g 0E=T¢
= . ) o) i :
2 g —=— ZK5629 E
S [ —=— KA0067 ="
S s = KA0068 3.9
! - — |
% | —= KA0070 SH
&6 E
& N 4 !
— D E - : : :
C g2 E ! L e - s 4 months
C & N ‘ R i . i : ~
- : [ : j : >
| = 1 1
- S 100 by | R T— e o al : .
B | | ‘ > = ; ! § — 4o bt b+
1500 1600 1700 a B B . i : ‘ .
Voltage [V] 30/08 13/09 27/09 11/10 25/10 08/11 22/11 06/12

Date [Day/Month]

M. Schumann (AEC Bern) — The Search for Dark Matter 60



XENONI1T

M. Schumann (AEC Bern) — The Search for Dark Matter

dual-phase LXe TPC
- total mass ~3 t

- active mass ~2.2 t
- fiducial mass: ~1t

TPC made from OFHC and PTFE

248 photomultipliers

- Hamamatsu R11410-21

- low background

- high QE (36% @ 178nm)

- extensive testing in
cryogenic environments
JINST 8, P04026 (2013)

Low-background stainless steel cryostats
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XENONNT in Hall B @ LNG
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The XENON Future
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DARWIN
DARWIN The ultimate WIMP Detector = -

* aim at sensitivity below 107 cmz2,
limited by irreducible v-backgrounds

Baseline scenario
~20tLXe TPC
~14 t fiducial mass

gy TR
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DARWIN
DARWIN The ultimate WIMP Detector =~ -

e aim at sensitivity below 10™ cm?,
limited by irreducible v-backgrounds

* Low energy solar neutrinos (pp+’Be)
— reduction by discrimination possible

- JCAP 01, 044 (2014)
E 10 = 2B
Baseline scenario X E TS
~20 t LXe TPC =
. . L hY
~14 t fiducial mass = ~ pp+'Be
X 107 WIMP 40 GeV/e 2\ \
2 2107 em? WIMP 100 GeV/c 2
L B 2x10™ em?
b L
o3
(a1
107 \
e o A
1 2 3 4567810 y 20 30 40 10°

Energy [keV]

« Coherent neutrino-nucleus scattering
— nuclear recoil signal,
indistinguishable from WIMPs

TR
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_ _ DARWIN
I DARWIN: Neutrino Physics — -

f

Results of a detailed DARWIN background study JCAP 01, 044 (2014)
Low-energy solar Neutrinos: pp, ‘Be Neutrinoless double-beta decay
- Total 14t fiducial mass 1p 6t fiducial mass
— 1 _ : — C Total OvBp
% - % L 2vBp
ﬁ _ j 10" =
T:h 10 T>\ E
X X L
I; Materials ; 10 2_ Materials
g 2100
3 E 22
% 1o N — e B
0 — I50{]I — Il(]l{]{}l |15|0{}| ZUI{]{} | IZSO{]I - 2100 - 22|(}[} - 23|(}0 - I24(}0 - 25|00 | 26|0{} - 2700
Energy [keV] Energy [keV]
* realistic detector design (~20t LXe) ,  natural Xe, no isotopic enrichment!

all relevant backgrounds included

« 1180 pp-v/year in [2,30] keV interval . P o
S « ultimate sensitivity (limited by intrinsic bg):
* flux-measurement at 1% precision in 5y T,,=8.5 x 10%" y (95% CL) with 14t x 10y

« signal in plot assumes T, =1.6 x 10®y
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The WIMP Landscape
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’]

cm-

WIMP—nucleon cross section |

Dark Matter Future will be
driven by dual- phase LXe TPCs

- high A — high sensitivity
- low energy threshold /r,gmz;

- 3d vertexing

- extremely low background -

- good discrimination

- scalability

- new physics channels
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?Be E e ‘ -
_45 | Neutrinos Rmﬁsﬁﬂ;g e
10 Neutrinos o

1046} ﬂ 5

IC,:,GEINT | - | adapted from arX/v 1310 8327
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Backup
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I Field-quenching of S1 Light?

| |
energy in keVr \"E = S1 1 See

Ly Leg (E) o
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What is needed to derive the energy scale based on the scintillation light S17?
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Field-quenching of S1 Light?

- . . 4—feld quenching of 122 keVee
energy in keVr—_ _ ol 1 ee — very well measured (simple)

Ly Leg(E) S
y Lot (B) m\ field guenching of NRs
light yield @ 122 keVee \ - we use Snr=0.95
— measured in situ

(depends on detector) relative scintillation efficiency
— dedicated measurements
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I Field-quenching of S1 Light?

- . . 4—feld quenching of 122 keVee
energy inkevr—_ | 51 1 ee —~ very well measured (simple)

Ly Lg(E) S
y Leeff (E) nr\ field quenching of NRs, Snr(E)?
light yield @ 122 keVee \ ~> weuseSn=0.95
~ measured in situ — recent measurements in LAr

(depends on detector) relative scintillation efficiency ~ found strong E dependence
— dedicated measurements — not seen in LXe so far

SCENE, PRD 88, 092006 (2013)

data: Manzur et al., PRC 81, 025808 (2010)
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