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Outline

What and why? Physics motivation behind the
experiment

How? The setup of WISArD

When and where? Proof of principle experiment.
What do we do now...

... and what will we do soon.
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WISArD?

* WISArD stands for Weak-Interaction Studies with Ar3*
Decay

* The aim of the experiment is to put stringent ( rivaling
those of LHC experiments ) limits on exotic currents In
[3-decay by measuring correlations between 3 particle
and proton in 3-delayed proton emissions...
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Theoretical basis

* Let us consider pure Fermi and Gamov-Teller 3 decays.

* In framework of effective field theory those are vector
scalar and axial-vector tensor transitions, respectively

Lice—Yang = —P7'n (Cveyw — Cyenuysv) + py*ysn (Caéyuysy — Cheuv)
1
— pn (Cséu — C{gé’}%b’) — 5@;“"’5@ (CTEUWI/ — C’%é{fﬂ_yfysy)

* According to SM there are no contributions to 3-decays
from scalar and tensor currents
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Angular correlations

* The nature of the [3-decays affects the angular
distribution between (3 particle and neutrino in 3-decays.

- ﬁc’ 3 ,rﬁu e
w(E,, 2,, Q2,) ocwo(Z,E,)| 1 + EE, ag, + Eiﬂ

* Both a angular-correlation coefficient and b Fierz term
depend on the C, coefficients
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Correlations, correlation..

* Fermi decays:
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 Gamov-Teller decays:
1[1 3 |CT|2+|C;|2]
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Let’s take a step back

 One can not measure angular distribution of neutrino...
* But one can observe daughter nucleus recoill...

e Let's consider Fermi transition:

vector scalar
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How to measure recolil and [3?

 We may use [3-delayed proton emission.

* When the proton is emitted, it's energy in LAB will
depend on the recoil energy in CM.

 Bonus: one can use proton energy to gate pure Fermi
transitions!
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Let’s take another step back
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The setup (schematic)

* Instead of large (3 detector,
the measurement is done In
strong magnetic field

* This field gives us effective
2mn coverage for electrons

Scintillator

ool
[

47
* Notice only one scintillator

V. ARAUJO-ESCALONA et al. PHYSICAL REVIEW C 101, 055501 (2020)
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What's the catch?

 When you want to achieve 107 precision, every part of
the setup is a catch

* Now that we simplified physics we need to complicate
the design...
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Case of Ar¥?

* Well known structure
* Good production with ISOL

technique

e Possible to measure both

pure Fermi and pure GT
transitions in single
experiment.

O-I-

B+ 32Ar T1/2=98 ms
Qg = 11134.7 keV

o B.R. (%)

5046 22.65(15
3358 keV /44 IAS i
p 3772 3.8(2)
2123 keV
1/2+ ’ ©
1S +p 1+
32c|
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Proof of principle experiment

Performed soon before LS2

Used whatever hardware
was on the shelf

Only around 35h of beam

Results published:

V. Araujo-Escalona et al.
PHYSICAL REVIEW C 101,
055501 (2020)
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Proof of principle results

Upper detector (c)
singles (x0.5)
coincidences

éBv Fermi — 1-007(32)stat (25)syst
éBv GT — _0-222(86)Stat (16)syst

This is In agreement with expected \N
values of 1 and -1/3 Protan enerGy (keV)

_ . ()
nterestingly - this is 3rd most o — coinoences
orecise measurement of ag, In pure
—ermi transition so far i
39 3320 3340 3360 3380 3400

Proton energy (keV)
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Final setup Is a bit more complicated...
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My part - Silicon detectors

Custom made

5 strips with almost the
same area each

Dead layer under 100nm

Expected resolution
under 10 keV FWHM




Comes In set with pre-amp

e High resolution, high density
 Made at LPC Caen
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Things to check

Temperature study - find the point of diminishing returns
Test entire set ACQ - preamp — detector

Measure dead layer

Confirm resolution
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Measuring dead layer

Dead layer

* Deal layer results in energy
shift when changing angle

* AIFIRA excellent energy
stabllity is ideal for this.

Active silicone

Beam 0°

Beam 45°
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AIFIRA accelerator

e Electrostatic accelerator here in CENBG
* Good energy stability and intensity control




AlIFIRA nano chamber
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Energy shift and dead layer estimation

Energy shift between 0° and 45° for 700 keV alphas

First

45000 - S
eam at 0°
prototype Fitat 0
40000 J=; Beam at 45°
—— Fitat45°
35000
30000 |
\
., 25000 [
g |
< L
20000 ]
Second 5 H
15000
prototype []
10000 []
b
5000 b
L\
0 —_— : : : - ‘ — :
252 254 256 258 260 262 264 266 2.68
Energy [ADC ch/10000]
Seminarium ZFJ FUW

25th March 2021



Is 60nm thin enough?

* On average we

observed thickness of

61 + 4nm

* This corresponds to
shift of ~1 keV for
protons in actual
experiment

 Resolution of the
detector also looks
good.

G w o values in keV
~_ otrip .
N 2 % 4 5
Run i ™
—
2 3.79+0.02 3.78+0.01
3.1 364+0.02 42940.05%*% 5.21+0.02
3.2 3561+0.02 4.2040.06%* 5.2040.03%
4 350+0.02 4404+0.07%* 5.56 +0.04
5 381+002 370+0.02
6 3.95+0.01
i 3.46 £0.04%  3.61+0.04 4.44 +0.03
8* 3.36 - 0.05 3.67 +0.05 4.25 4+ 0.04
0* 3.50 +0.03
10* 3.87+0.04 3.6140.05
4 3.38+0.04 3.54 +£0.04 3.98 +0.06



Outlook

Most of design is final, we are ordering the hardware
/ more Si detectors are coming

Detectors measurements are progressing

Magnetic field verified

Assembly late this year?
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Thank you for your attention
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