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Experimental technique
Kinematic proton energy shift

/° Clifford, 1980. e Kinematic energy shift
B—v—a. correlation measurement (2°Na)

- Egorov, 1997; Vorobel, 2003.

+ Measure the centroid of

B—v—y correlation measurement (*¥Ne) the proton energy
B—v—y correlation measurement (140) distribution instead the
Adelberger, 1999 IFl | broadening of the proton
B—v—p correlation measurement (3Ar) Secondary particles spectra, WISArD.
- Sternberg, 2015 (GT] emitted after the \ /
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ISOLDE @ CERN
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Isotope On-Line Device at CERN's Accelerators Complex
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CERN
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Experimental Setup

* 14 GeV protons - CaO
target

o Effective beam time of 35
hrs

« 1700 pps production yield
(ISOLDE capability 3640
PpPs)

* approx. 105 proton-positron
coincidences (Fermi)

« Implantation rate of 90 pps

lon transmission in the

__ . pbeamline was 12%

____N ¥ e ~ P M@ W (inadequate existing beam

SIS VTR optics 32Ar beam 30 keV)
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Inside the WISArD
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Data Analysis

Experimental data
1. Energy calibration
= SIDW = Dead layer thickness
= SIUP = Mylar thickness
2. Coincidence measurement.
short time window between p and 8
3. Kinematic energy shift, AE,

Monte Carlo simulations
1. Event generator (CRADLE++)
2. GEANT4 simulations
= dp, VS AE,
3. Systematic uncertainties
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Data Analysis

%2Ar - Proton spectrum %Ar - Proton spectrum
§ i E Paw spectrum § \ i 8 S_izlr'élw spectrum
2 100 - B 5 . pile-up rejection g 10 §_ g . pile-up rejectior
Experimental data Tk | b g ¢
1. Energy calibration 107 oE X
= SIDW = Dead layer thickness

= SIUP = Mylar thickness 10

2. Coincidence measurement.
short time window betweenpand

3. Kinematic energy shift, AE,
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Monte Carlo simulations s e Thepe 3 F . R
1. Event generator (CRADLE++) 5 f ) g f ) ;

2. GEANT4 simulations o \ o :
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Data Analysis

Fitting proton spectrum

Experimental data ‘ot —ER T
1. Energy calibration § ek oo
= SiDW - Dead layer thickness :
= SiUP =2 Mylar thickness ok
Fitting procedure e
v Blank et al (pro ton energy i Fitting proton spectrum S I L R R WP SR
literature, Ey) = e , (i — Ecar)?
v SIDW: determine calibration s X SEys? + OE.q°
parameters N
& dead layer thickness “F
v Gaussian function plus a linear o~ Dead Layer thickness
background fit - 1290(120) nm
200_— > i
Ecar = Cx 7+ Epggs| S [isorbsng g B
é}OO 2250 2300 2350 2400 2450 2500 2550 2600
v' Chi2 minimization function ke
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%2Ar - Proton spectrum

. § . B Q s_iZPaW spectrum Fitting proton spectrum
Data Analysis : B .
Sk 5 wof Si3U - 2421 keV
8 . £ ot T e
] — N o = = |NdIVidual gaussian
Experimental data L 3
1. Energy calibration F :
= SIDW - Dead layer thickness s soof-—
. . 10 ] e
=  SiUP - Mylar thickness : 200 =~
Fitting procedure : --:. 2250 2350 2400 _ N _‘ 50
v’ Blank et al (proton energy 'E e
I.t t E . ) 5000 6000 .
iterature, L energy / keV Fitting proton spectrum
v SiIUP: determine calibration i F 51309956 ke
~ \ —rgw ata_—pi eu_p rejection
parameters Polyethylene terephthalate (Mylar) § 10 E_ :i‘:&ﬁ/?:j:;zr;:;;?::rbaCkground
& mylar thickness s 3 — °F
v' Gaussian function plus a linear 3 o5 0
background fit i, -
Ecai = Cx +y + Ejpss + Ejoss 5& e it
DL mylar g
v Chi2 minimization function e
2 _ (Eyt _Ecal)z os S - v T ISSIOOIe;]erg;y[l;ee{/G]OO

=l

- 5Elit2 + 5E0a12

2 3 4
Iogm(Proton Energy) (MeV)

Mylar thickness 6937(700) nm
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Data Analysis

Experimental data

1. Energy calibration
= SIDW - Dead layer thickness
= SIUP = Mylar thickness

Residual energy calibration (SiDWs) Residual energy calibration (SiUPs)
CERLIS g °F
% I I S
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g 52—& H } o '}.}%,F %.ﬁ m i K +l
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O e sows 3o~ | SuPs
- |= siDw4 - (= SiuP4
_205 L | L | 350 0 b e b e e e
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Positron energy distribution

= 5 1400~ — Experimental data

Data Analysis s
Experimental data 1000
1. Energy calibration 800~
= SIDW - Dead layer thickness soo!
= SIUP = Mylar thickness a0l

2. Coincidence measurement ol beta threshold -25t2)keV
short time window between p and 8 i | g
00 — I1 000I - I2000 3000 4000 5000 6000

beta-energy / keV

3. Kinematic energy shift, AE,

500 Proton energy spectrum (Si3D)

Monte Carlo simulations g . ”e
1. Event generator (CRADLE*+)  sooof-
2. GEANT4 simulations i F 2
- c’iﬁv VS AEp E 77777777777 .5
3. Systematic uncertainties o0~
- 10
socol Tdiff = narrow range
- °*  (individually)
1000{— Ul el L Fermi
0 400 500 Ty o8

Faculty of Science, Physics and Astronomy, Instituut voor Kern- en Stralingsfysica. KU LEUVEN




Kinematic proton energy shift
B-p coincidence measurements
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I‘ Clear energy shifts observed in the
dominant vector contribution
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Data Analysis ;0 al 3T b
ER + L + + 3988 kev
- - & 55l g AE,=3.52:0.99 keV
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g a5 Extended study of the proton energy shift for proton groups followed
E f + by a pure GT transition. (@) 2421 keV, (b) 3988 keV, (c) 5555 keV and (d)
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Monte Carlo simulations
CRADLE ++ and GEANT4

Kinetic energy distribution of **Cl Proton energy distribution Experiment vs G4 simulation (coincidence)

3 2000 —_a=1 3 E Proton energy spectrum % -
% o —a=0 g’ - —— Experimental data : 900 = — Experiment
g 2%p —a=-1 - —— G4 simulation < F # events = 12301
1800~ © 10°E .g 800 FWHM = 26.04 + 0.18 keV
1600 - § 700 f_ — G4 (scaled x 0.18)
1400— - - # events = 13828
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layer in silicon detectors
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Angular correlation coefficient

Energy shift from G4 with a given a-parameter

1.5

0.5

Angular correlation coefficient

3 a,, =1.000 = 0.037
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superallowed Fermi transition

Angular correlation coefficient

| a,, =-0.338 +0.066
I E, = 2121 keV
ol b v v g i v v b v b Py
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Systematic uncertainties
Monte Carlo simulations

Systematic uncertainties

Proton energy False coincidences Detector
. - - : . 2% calibration
Source uncertainty Sar Sagr calibration Lioo " Nondominant
20% sources of
background False coincidence 0.3% 1E-03 2E-03 uncertainty
1%
Linear slope o
proton uncertainty 0.3% oE-03 BE-03  peta tlfgsshol .
Proton energy from ) i ° ilicon dea
literature 1 keV 123E-02 2.50E-03 llagf/:
Silicon dead layer
thickness 120 Nnm 115E-02 1.50E-02
Mylar thickness 700 NnmM 4.87E-03 06.60E-03
positron B backscattering 15% 1.74E-02 2.78E-02 Mylar thickness
backscattering Y 8%
B energy threshold 12 keV 6.53E-03 8.27E-04 27%
Nondominant  Detector position 1mm 3.21E-04 1.86E-04
Source position 1. mm 7806E-04 278E-04 dag, dag, dE, Non-dominant sources of
Source radius 1mm 167E-04 177E-04 dk  dE. dx uncertainty: N
P = Detector position
Magnetic field 1% 2.41E-05 4.64E-04 - Magnetic Field
J[Felfg |Bterference 01% 212E-04 283E-05 = Source rad|luls
—+ = Source position
Total 0.027 0.033
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Angular correlation coefficient, a;,
The 34 best measurement!

Fermi  ap=0.9989(52) Gamow-
transition Teller
Adelberger et al. (32Ar) transition

ar = 0.9981 (30)

Gorelov et al. (38Km)

acT -0.33(3)

Carlson et al. (23Na)

acT ~ -0.3343(30)

Johnson et al. (6He)

acT ~ -0.3342(38)
Sternberg et al. (L)

ar = 1.000(37) a0t 27 oyet

Araujo et al. (32Ar)

—

agr = ~0.338(66) (34 o et I
Araujo et al. (32Ar) |

)

@ V. Avaujo-Bealona ef af., PRC 101, 05501(2020)
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Conclusions »» Outlook

o T mm mm o m Em Em Em Em Em e Em Em Em Em Em Em Em Em E— ~

v' Successful  proof-of-principle  experiment,

( 1
| expected kinematic energy shifts of proton : O 32Ar production, transmission and longer
| |

I

peaks is observed, providing the third most

precise measurement of ag, in a pure Fermi beamtime
« _ _transiton. o .
rat  New setup gepmetry and improve proton
v Simultaneous measurements of ag,for different energy resolution. Segmented silicon
transitions (Fermi and Gamow-Teller) in a single detectors with well known and thinner
experiment can be performed with same dead layer.

isotope.

O Reduce thickness of the mylar foil
v Setup that allows to get a better control of

systematic errors O Full characterization of the plastic

v Agreement with the SM with deviation ¢ and scintillator. Lower the positron energy
156 for F and GT, respectively. thresholtd below 10keV to reduce the
uncertainty.

v" statistical uncertainty is reduced by a factor 2.5
using this technique instead broadening
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Looking ahead @

Diameter 30 mm

Upper Plate ¢
!\ @ Thick 300 um

" DL thickness 1290(120) nm
Mylar foil o detection solid angle 8%—>30%
(7-um-thick) energy resolution 30kev> 5-10 keV
500nmM-thick thinner dead layer <80nm
reduce by a factor of 13
B backscattering _/’
_ < Lower Plate
< &
32Ar beam:
ti el : -
production U d g 17O<>Opps ° @ Mylar @ Plastic @ Silicon nondominant reduced by a factor 5
beam transmission 12%->70% : . -
foil Scintillator detector = Detector position
(BC-408) = Magnetic Field

=  Source radius
= Source position
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Conclusion and outlook
Exclusion plot

pp —>e+ MET + X 0020_ —_— pp =~ e+ MET + X
(CMS 20 fb~!, 8 TeV) : (CMS 20 fb~1, 8 TeV)

-- pp — e+ MET + X —-- pp e+ MET + X
(proj. CMS 300 fb~!, 14 TeV) (proj. CMS 300 fb~!, 14 TeV)
WISArD (2018) 4.58% 0.015- WISArD (2021) 0.1%
Adelberger (1999) 0.65% Adelberger (1999) 0.65%
Gorelov (2009) 0.48% Gorelov (2009) 0.48%

br 0T — 0T 0.29% 0.010- br 07 — 0T 0.29%

- —~  0.005-
~
J S
— ~
o o 0.000-
Nl )
o T
- X —0.005-
—0.010-
—0.015-
202 —01 00 01 02 03 04 05 —0.0200 oo 0.00 001 002
Re(CS / CV) Re(CS / CV)

Current situation ‘@)}é)erspective
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