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Roger Romani: Stress Induced Backgrounds
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Xinran Li: Transition Edge Sensor developments

David Osterman: Quasiparticle Diffusion in Superconducting Al Films
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Outline

+ Introduction to Nuclear Recoil (NR) calibration
+ Tools for sub-keV NR calibration (<1keV in LHe):
1. Low energy neutron:
- Portable 24 keV neutrons from 1245bBe
- Pulsed 2 keV neutrons from Sc filtered DT neutron
- Further lowering NR calibration threshold
(<20 eV in LHe)
2. Low energy neutron detector

+ Summary
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+ Introduction to Nuclear Recoil (NR) calibration



Introduction to Nuclear Recoil (NR) calibration

* Big Picture: '
g ® backing
o | | ({detectors

- Mimic dark matter signal using o

Neutrons mono- \e
| energetic S

* Goal: neutron target

- Produce a NR of known energy Lenardo et. al. for LXe TPC

using neutron _ﬂ 0.970 keV
% 0.932 keV

0.442 keV

* Primary strategy:

- (Given a neutron of known 0.296 keV

energy, tag its scattering angle P R 700

Detected Electrons
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+Tools for sub-keV NR calibration (<1keV in LHe):



Tools for sub-keV NR calibration (<1keV in LHe)

@ backing

) |detectors

* Neutron source:
1. Pulsed/Portable
2. keV-scale, mono-energetic

in He

Edepos

* Neutron detector(Paper):
1. Fast (~10us)
2. Large area
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Outline

1. Low energy neutron:



Low energy neutron

One of the way is to use Neutron Filters
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- Portable 24 keV neutrons from SbBe

Erecoil : eV

keV

Eneutron from ToF
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-Ie 24 keV neutrons from SbBe at UC, Berkeley

A remarkable coincidence Concept:
- 1245pBe nenergy : 23.47 keV  Use e
- ~20cm
* Fe resonance - 2454 ke * gamma shield (1.7 & 2. TMeV)

- neutron collimator (24 keV)
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— neutrons from SbBe at UC, Berkeley
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Backgrounds:

- Gammas fro
- Gamma trac
« Neutron trac

m 1245bBe and neutron induced gammas
KS ~ Ccm, high rise time
KS ~ mm, fast rise time
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Portable 24 keV neutrons from SbBe at UC, Berkeley
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* Neutron rates ~ x2 than rates from simulation
« Gamma rates ~ rates from simulation

» Ongoing plan for calibrating LHe using 24 keV neutrons
from 12450bBe
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Outline

- Pulsed 2 keV neutrons from Sc filtered DT neutron

Erecoil : eV keV

Eneutron from TOF En 2 keV En 24 keV
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Pulsed 2 keV neutrons from Sc filtered DT neutron

tuned moderators

MeV
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mid-E
E. ‘‘‘‘‘‘ filter
n2n material
material T
(long mean free path) R
keV

position

Next step : optimise length and radius
of moderators and filter materials, to
enchance the 2keV neutron fraction

e Start out with 10’'s MeV scale

neutron

* n-moderators at ~1 MeV energy

e Hlter materials

- Broad < 10 keV n energy
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-2 ke neutrons from Sc filtered DT neutron

Performed optimisation on:

_ 2keV neutron event in geant4
- Fluental Radius

- Pb length 200
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—om Sc filtered DT neutron

neutron detector

target
(4He)

neutronsource4—— ™ ™ H > - - - - - - - - oo

* Pulsewidth 1pus

o Creates gamma ¢ SIOW detector O(mS)

* Limited lifetime

 Avg. detection
(capture) time: 10’s ps
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—ns from Sc filtered DT neutron

wall

neutron detector

target
(4He)

neutron source

* Pulsewidth 1pus

* No gamma
- Creates gamma J

* Limited lifetime

» Useful if only 1 n is tagged per DT
pulse in 3us-15us window.

need to reduce n-backgrounds and gamma backgrounds
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3|JS 15us window

10-0

10-1

10-2

100 DT Pulse,3.00us<t<15.00us
——
; Neutron

Counts in
backing
detector

I~

0 1 2 3 4 5
Neutrons/DT pulse

At Umass:

 Useful if only no gamma count in He cell per DT pulse
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Gamma rates reduced by placing
lead wall infront

of the source and Fridge.

(not shown in fig)



Pulsed 2 keV neutrons from Sc filtered DT neutron
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After :
-Optimising filter geometry parts
-reducing corelated background rates

Now :
-Procurement of various materials

Goal: Turn on this low energy calibration
facility:

- Diff. targets materials can be calibrated

- Pulsed low energy neutron beam is
essential in understanding LHe
quasiparticles, triplet kinematics and

quenching.
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Outline

- Further lowering NR calibration threshold
(<20 eV in LHe)

Erecoil : eV keV

Eneutron from TOF En 2 keV En 24 keV
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Further lowering NR calibration threshold

R AR tors e Concept: replace the Sc filter

e high-E with additional tuned
mid-E moderators (including

& Titanium, Manganese)

E. n,zn ................................... ‘ low-E
material o  Result: broad En spectrum,
s M MOSHly <2008V

(IOng mean free path) R

eV Velocity [cm/ps]

.y 10 102 106
position - I S

§ 2m ToF >10ps \ 2m T&F < 10ﬁs

10*E

For 1us timing resolution on

backing detetctor, we Flux
expect to resolve neutrons [arb.]
based on ToF at a distance

of ~2m.

02 En [keV]



(Further lowering NR calibration threshold

Radial Dimension 750.0<r[mm]<1050.0
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e Clear distinct peaks at 1,3 and 7 eV energy. Helium cell is modeled as
a cylinder (r=2.5cm and h =5cm)

e Backing detector angle could be tuned to achieve lower energies in the
future sub-eV, one might need to optimize the moderator.
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Summary

+Various option for sub-keV NR:
- demonstrated that we have a working portable 24 keV

neutron source from 124SpbBe

- design for Pulsed 2 keV neutrons from Sc filtered DT

neutron is ready and we are in process of bullding it

- the path of further lowering NR calibration threshold is

ready...there could be other interesting ideas too
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Thank you all for
attention!!

Many more missing faces ....




Selection of neutron source

Why DT ?
e DT reaction cross-section is higher

e More neutrons per pulse

10% =

Why Lead?

e N-> 2N Ccross-section of Pb
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DT generator

DT reaction: T(d,n)4He, produces neutron of 14.1
MeV, cnergy gets smeared.

Operates in Pulse mode, Pulse width is 0.8us.
Pulse can be trigged extemnally or internally.
Maximum pulse generation rate is 50Hz.

Cooling period ~ 1hr after 30 min of operation,
f neutron pulse generation rate is > 20Hz.

Each Pulse has (1.5+- 0.5)e7 neutrons.

Lifetime of Neutron generating module: 1e7 pulse.

Neutron generating module is replaceable Tite}ﬂium
plate

coated
ith
D.Chemikova et al (nima.2014.01.061) T;?t/ilum

T 7

104.1 mm
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https://www.sciencedirect.com/science/article/pii/S0168900214001120?via=ihub

Sacttering Cross-section of various material

1 AVF

101 =
e Al/F mixture, with complementary :

resonances

Ti
10!

e [itanium has large scattering cross-
section at 20 keV
101 4

e Sc, has dip in cross-section at 2
keV

Scattering Crossection [barns]
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Sc filter (2 keV)

Simulations again show each step performing its
role.

Flux is more of a challenge, but sufficient.
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Pulsed 2 keV neutrons from Sc filtered DT neutron

Reiterated various
design, but the
sandwich of high-z and
low-z materials performs

better.
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Progress made on Fluental side

Fluental or Al and F mixture:

e our version of Fluental (roughly 8K for the process+ raw materials+cans):
- Only HIP part density ~ 2.4 +-0.1 g/cc




Backing detector

- n-capture on 6L
produces alpha and tritium

- charged particles than
produces a relative bright
and long tailed signal.
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Backing detector PSD and Capture Timing
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