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Search for New Physics beyond Standard Model (SM)

= Search for g, ¢, exotic contributions of weak interaction
Dominant Vector - Axial vector (V - A) form established in SM
no fundamental reason to exclude Scalar (S) and Tensor (T) contributions
=¥ interesting search window for New Physics
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Search for New Physics beyond Standard Model (SM)

= Search for g, ¢, exotic contributions of weak interaction

Dominant Vector - Axial vector (V - A) form established in SM
no fundamental reason to exclude Scalar (S) and Tensor (T) contributions
=¥ interesting search window for New Physics

= Measurement at low energy, using -decay

Precision measurement of Ft, B-spectrum shape
- Fierz interference term b

b - linear dependence on &s (Fermi) and &r (Gamow-Teller) - sensitive probe to NP
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Search for New Physics beyond Standard Model (SM)

= Search for g, ¢, exotic contributions of weak interaction

Dominant Vector - Axial vector (V - A) form established in SM
no fundamental reason to exclude Scalar (S) and Tensor (T) contributions
=¥ interesting search window for New Physics

= Measurement at low energy, using B-decay

Precision measurement of Ft, B-spectrum shape
— Fierz interference term b

b - linear dependence on &s (Fermi) and &r (Gamow-Teller) - sensitive probe to NP

= p-STILED (b : Search for Tensor Interaction in nucLear bEta Decay)
— Measurement of bin a pure GT transition

R.G Workshop ISOL-France VI



Outline

® Context and motivations
® The b-STILED project & LISE experiment
® Sources of systematic error

® Preliminary results

R.G Workshop ISOL-France VI



bSTILED goal

= pSTILED (b : Search for Tensor Interaction in nucLear bEta Decay)
— Measurement of bin a pure GT transition

For pure GT, bsr = 6.2 €7 = measure bsr to improve constraints on €1
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(Actual constraints from (3 decay) (competitive with projected LHC)

R.G Workshop ISOL-France VI 2



Principle of the b-STILED project

Extract the Fierz term b, from the B-spectrum shape in the decay of °*He

*He B energy spectrum

ber=0.03
ber =0

N(E) « F(Z,E)(1+ mpE(E = Eo)? (14 =2 her) =]

Fermi function [ \

Theoretical corrections Phase space
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Principle of the b-STILED project

= Use %He : ideal candidate

=3.5MeV
- high sensitivity theoretical corrections precisely known

- pure GT transition, convenient T,,=0.8s, E

bmax

SHe
= Implant °He in 4nt detection setups (scintillators)
— suppress E, .. from B backscattering >@\,hv
(main systematic effect) B-range Sremestrahiung
escape
(Geant4)
= Use implantation-decay cycles (3 s-125s) TN sHe BKGD
— cst BKGD subtraction 1
= T,, measurement 0.1] B
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b-STILED: two experiments

= Use simple setups
= Test two techniques (different systematic effects)

Low-energy implantation High-energy implantation
at LIRAT/GANIL at LISE/GANIL
241Am
21Am source

source

—> " YAP
The |
25 keV 312 MeV
Light cross talk between PMTs Contaminants due to nuclear reactions
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241Am
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source
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b-STILED: two experiments

= Use simple setups

= Test two techniques (different systematic effects)

Low-energy implantation
at LIRAT/GANIL

High-energy implantation
at LISE/GANIL

241AmM
source

241Am\

source

Light cross talk between PMTs

nts due to nwns
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High-energy experiment

= Experiment at LISE - GANIL

- implant 312 MeV %He nuclei 10 mm deep in the YAP (max pB-range 4mm)
_hodoscope HPGe

5 L L B | X
1 i\ ' '
| | . : NN ; o
. S : ' 7 ARVTRNY | ':‘._:. !.:- s -__"-::

Simple main detector
(one YAP)

Control implantation profile
(4 thin PVT hodoscope)

e LISE beam purity
(measure implantation energy)

* Beam induced contaminants
(HPGe)

YAP detector
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High-energy experiment

® Measurement cycle

Implantation
fphase

Beam switched on/off wphase
-

| >
i 3 '9 15 tis)

N (s7)

- 600

g 10 msrise time —————»
PMT voltage low/high 2 “

>

T

- implantation energy

- 1500 +

Low gain Nominal gain
(300 MeV) (3.5 MeV)

= 4 sets of measurements
2 crystal sizes, 2 distances, 2 beam intensities

1.1x108good events - expected stat. uncertainty Abgr oy = 1.2x103

(almost ok for phase Il)
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Sources of systematic error

Contamination : Unwanted nuclei present in the measurement
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Sources of systematic error

Contamination : Unwanted nuclei present in the measurement

Beam inpurities :
Potential contaminants (LISE++)
- 8Li & °Be
Should appear at higher energy than ®He

YAP energy spectrum (Implant. phase)‘

,,,,,,

Exp data
Pure beam +Pile-up model

¢He peak

AP I RN ST AR RN | PR R N I I .
0 100 200 300 400 500 600 700 800 900 1000

E (MeV)
No visible contaminant (at the 10> level)
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Sources of systematic error

Contamination : Unwanted nuclei present in the measurement

Beam inpurities : Beam induced contaminants :
Potential contaminants (LISE++) Nuclear reactions in the detector
- 8Li & °Be
Should appear at higher energy than °He Listing and selection of most impacting potential

) contaminants
~ 50ms < Ti2< 1 mn

YAP energy spectrum (Implant. phasg

Exp data Identification : -B decay shape (YAP detection)

- Pure beam +Pile-up model -Y ray emission (HPGe detection)
2" | Contaminants unambiguously identified so far (preleminary):
§ 10°
L fHe peak
10 GLI (T1/2 = 840 ms, EBmax = 12.97 MeV)\
T T T 6C (T2 = 747 ms, Egmax = 4.66 MeV)
- S N (Tyz = 7.13's,  Egy,y = 10.42 MeV)
No visible contaminant (at the 10- level) 20F (T, = 11.163 s, Ep,., = 7.02 MeV)

7Y (T1215.663 5, Ey= 0.909 keV)
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Sources of systematic error

® Extract contaminant contribution and impact on b,

Implantation
= ®phase . .
iz‘l Suppressing Ty = 7.13 s Suppressing T1,=0.8 s
(No N, 2°F) (No 6C 5Li,°He)
h F B F
Recay phase oh 0 somyy
0; ] | > [ oHe y I
3 9 15 tis) s ; i 3
o] F I
| A | B | C | g 10 10° /\/ UTW”\\
3 windows in cycle o ‘ /T
y "2 10§ 16C/~MWMWW«WW R 1074 Mﬂﬁhu%ﬁwﬁ%
- 8 - ‘ )’BHW,\%% ” f y
. . . . . o / L ”‘W ’ 10} || 20 16N ”
Build linear combinations suppressing 1o/ il
a specific half life and cst bkgd 3 | 3
; T L 107
Expected fraction of decay (preliminary): N B Tt o L
8Li» ~ 7 104 Energy (keV)

16C—» ~1.2 103
N—-> ~2.2 103
20F—> ~4 104
8my— ~1.5 103

ADb ;1 oysry ~ 1072 (assuming 20% error on contaminant fraction)

Possibility to suppress long halflives
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Sources of systematic error

Bremsstrahlung Escape (BE)
- Loss of energy from Bremstrahlung photons

h Simulation needed to estimate the effect
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Sources of systematic error

Bremsstrahlung Escape (BE)
- Loss of energy from Bremstrahlung photons

Beta energy spectrum expressed as:

h Simulation needed to estimate the effect
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Sources of systematic error

Bremsstrahlung Escape (BE)
- Loss of energy from Bremstrahlung photons

h Simulation needed to estimate the effect

N(E):F(Z,E)pE(E—EO)Z-Zl: E’

i=—

Beta energy spectrum expressed as:

]—

x10°
5000_* 40000—
% - " S 30000"
o 4000— Initial energy 0 g
L Deposited energy o 20000
g 3000 d *2 1oooo§
3 3 of
Oz Edep - Emit © -10000%
10007 —20000§
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OOHHO.S‘H‘1”“1.5”“2“”2.5””3H 3.5“”4 _40000;\\\\‘I\\I‘\\\\‘\\\\‘\\\\‘I\\\‘\\\\‘\\\\
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- Energy (MeV)
Energy spectrum at i = -1 order Effect of BE on the energy spectrum
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Sources of systematic error

Pileup : Two events counted as one
bTwo types of pileup : -Pileup between short halflives nuclei (°He, 8Li...)
-Pileup of an ®He with constant background
Estimation model :

cycle
_ _ REXATXT —2xT, —2xT, Rs, : rate of constant
Short halflife pileup - | -2 > oHe (—exp " +exp ") background

AT : Maximum integration

mE T time

Pileup SHe/Background — |RoeXR,XAT X Tg.(—exp ™ +exp ™)

Teue : °He decay constant

R.G Workshop ISOL-France VI 1



Sources of systematic error

To simulate pileup spectra

Linear combination to suppress long halflives - « pure » °*He spectrum

Spectrum in the [11,14.4] s interval of the cycle time - Background spectrum
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Sources of systematic error

To simulate pileup spectra

Linear combination to suppress long halflives - « pure » °*He spectrum

Spectrum in the [11,14.4] s interval of the cycle time —» Background spectrum

D
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Fit model

1
Beta decay spectrum description - PSxFFx > f(E')
-1

f(E') : p * (E' + BE _correction(E'))
M : theoretical parameters
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Fit model

1
Beta decay spectrum description - PSxFFx> f(E')  f(E) : u* (E' + BE_correction(E))
-1 I : theoretical parameters

Model construction— Beta decay description + corrections

-Short halflives pileup -
-°*He/Background pileup } Analytical model

-8Li contamination ——p Fijt at high energy
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Fit model

1
Beta decay spectrum description - PSxFFx> f(E')  f(E): u* (E' + BE_correction(E))
-1 I : theoretical parameters

Model construction— Beta decay description + corrections

-Short halflives pileup -
-°*He/Background pileup } Analytical model

-8Li contamination ——p Fijt at high energy

convoluted with resolution —» Estimated using 59.54 keV ?!Am Y peak

306 E: energy
- . _ 2 2 O stat - Statistical uncertainty
Resolution model : OE—\/(astatxJE) HAoe XS4 from scintillation

a ciec : €lectronic noise
Time ratio between charge integration windows
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Fit model

1
Beta decay spectrum description - PSxFFx> f(E')  f(E): u* (E' + BE_correction(E))
-1 I : theoretical parameters

Model construction— Beta decay description + corrections

-Short halflives pileup -
-°*He/Background pileup } Analytical model

-8Li contamination ——p Fijt at high energy

convoluted with resolution —» Estimated using 59.54 keV ?!Am Y peak

E: energy
306 Q oot : Statistical uncertainty

- . _ 2 2
Resolution model : oE—\/(astatxJE) HAoe XS4 from scintillation
a clec ;. €lectronic noise

Time ratio between charge integration windows

Fit free parameters : Norm , ber, slope
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Preleminary results

Using suppressed S v .
long halflives data L ;’//x Fit of Set 3
° =
10° =
Set 1l Set 2 Set 3 Set 4 - ; TOW//—‘
ber 2.56e3 |-3.8e% [2.192e2 [2.899¢72 ) i_ _——=Background pileup _
u(b)star  |1.59e3 [2.06e3 |[1.73e3 |2.02e7 f’sﬁ-’f.’oys. : - IR s S
Chi2/NDF [1.043 1.113 1.025 1.002 Eneray (MeV)
p-value |0.2467 |0.042 0.337 0.478 = —
‘E“ 1; KR ’oﬁ.-'. : ... . ,"' ‘% ‘.- ".;': -
2 0§— : '-.." .:.-. 1 .-.":.: ..“‘-. .::l‘...:.. L) ‘i‘ .:.- ‘o :"..-.‘.-
_1§ o . , o8 ‘.:: et :.‘. . i _:.... 2. ...
2% | )
=
0 i > 3 5
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Preleminary results

Using suppressed S v .
long halflives data ! . ;//f’x Fit of Set 3
} i
10 =
ber 2.56e3 |-3.8e* I2.192e'2 2.899e? . i_/ ~—=="Background pileup —
u(b)srar 1.59e3 2.06e3 1.73e3 2.02e3 Sl rasru AR P H P PR SN B R N BT
0 0.5 1 15 2 2. 3 3.5 4 4.5 5
Chi2/NDF [1.043  [1.113  [1.025 [1.002 ey (e
p-value |0.2467 |0.042 0.337 0.478 r = SN
significant discrepancies between Set 1,2 and E 3% | .
Set 3,4 : N D \ . - .
= . . s * * T RN
b Corresponds to the use of a different detector T= T et e ARSI BUPREY, ~t
= Of— ., ®* & :... s u .:' .."‘-- ¢ .~‘ : ..- ¢ e £, . 3 . : ‘o -: -‘:..
E .-.:. ‘ - ‘.1 : .. L4 v .’.‘ . ’. b s ‘.- e ‘.‘ﬁ .8 "c ¢
-1 e » " o e d o & .' . ']
_3; I \ \ I
0 1 2 3 4 5
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Preleminary results

Using suppressed S v .
long halflives data L ;//f—x Fit of Set 3
° X
10° = .
Set 1 Set 2 Set 3 Set 4 5 = Total Correction . - ; R et w“""“'““-!“-’. At 1
- - - - =" _ //// Low T2 pileup gt
bor 2.56e°_|-3.8¢*_||2.192e? |2.899¢ R T R — - =
u(b)sr |1.59e3 [2.06e3 |1.73e® |2.02e3 S TS e, YE s T T
0 0.5 1 1.5 2 2.0 3 3.5 4 4.5 5
Chi2/NDF [1.043  |1.113 [1.025 |1.002 Fneray (ED
pvalue |0.2467 [0.042 [0.337 0478 |: <\
significant discrepancies between Set 1,2 and E 3% | .
Set 3,4: g . - \ S A
— . - F - oY * PO
b Corresponds to the use of a different detector £ =" Coa Y el e . AR PR e e, o
z O:— :'.. % :_.. .o -',..w ..ut.. LR '.-...‘_ ] ) ‘}‘.- . “-*, :- :...
- * .\.o ‘ . .‘. :.‘- ad v. .:.‘ .~ .’. :'.. * ‘.- = ".. .c:.“' .5 [ ."
Corrections still missing : SIS TR S A et
= Quenching 2= o |
= PMT non-linearity B ‘ ‘ ‘ !
= Effect of Cerenkov light 0 ! 2 ’ ¢ °
= Better weak magnetism model
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Conclusion & perspectives

= Sufficient statistics for phase | and almost for phase Il
= Excellent beam purity

= Beam induced contaminants are not a problem

= Fit model with the main systematics included

= Discrepancies between sets

Perspectives
= Systematic study : non-proportionnality, effect of the different corrections

= Estimation of the uncertainties

R.G Workshop ISOL-France VI
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