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Motivation et

<+
nucleus
6 -V

- Fi""=" & correlations (a, A, ...)in B decay Y Ve

— scalar/tensor current searches
(sensitivity limited by induced teris; weak magnetism)

1. induced terms (by strong interaction)

- existing information
- theoretical study (in coll. with I.S. Towner and F. Gliick)

2. (new) experimental observable: [(-spectrum shape
- mInIBETA spectrometer and Si detector based spectrometer

(in coll. with K.Bodek et al., Jag. Univ. Krakow)
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correlations and Ft-values
In B decay
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Ft value of O* - 0* superallowed pure Fermi transitions
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F19 =0 =3071.81(83) s Re(Cy/Cp)

38mK: Gorelov, Behr et al.,
PRL 94 (2005) 142501

Towner & Hardy, Rep. Prog Phys. 73 (2010) 046301
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2. PB-v correlation to probe scalar/tensor weak currents
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(assuming maximal P-violation and T-invariance for V and A interactions)
I for pure transitions weak interaction info independent of nuclear matrix elements !!!

recoil corr. (induced form factors) ~ 103 ; radiative corrections ~ 104
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Overview of B-v correlation projects

Parent Technique Team, laboratory Remarks

—0.3308(30)
0.9989(52)(39)

‘He Spectrometer ORNL a
2Ar Foil: p recoil UW-Seattle, ISOLDE a

K MOT SFU, TRIUMF a = 0.9981(30)(34)
2INa MOT Berkeley, BNL a = 0.5502(38)(46)
“He Paul trap LPC-Caen, GANIL a = —0.3335(73)(75)
"He Paul trap LPC-Caen, GANIL Analysis under way
SLi Paul trap; B ANL a =—0.3307(60)(67)
“SAr _ Paultrap  LPC-Caen, GANIL  First data June 2011
P Ar Penning trap  Leuven, ISOLDE First data June 2011
"“Ne Paul trap LPC-Caen, GANIL Ready to take data
‘He EIBT Weizmann, SOREQ In progress

*He MOT ANL, CENPA In progress

Ne MOT Weizmann, SOREQ In progress

’INa MOT KVI-Groningen In progress

ZAr Penning trap  Texas A&M In preparation

"He Foil; By NSCL In preparation

N.S. & O. Naviliat-Cuncic, Physica Scripta T152 (2013) 014018
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3. B-asymmetry parameter in nuclear beta decay
(KU Leuven, NICOLE-ISOLDE, NPI Rez-Prague, Uni Bonn)
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Analysis:
67CuFe, B, =21T {A , VQ e}
— U COS 5
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| C Geant
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Counts (arb. units)
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F. Wauters et al., Phys. Rev. C 82 (2010) 055502

F. Wauters et al., Nucl. Instr. Meth. A 604 (2009) 563
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746 mK (13 T)

Aexp (°°C0) = -1.014 (12)star (16)sys: : 60Co
(Asm = -0.987(9) ) r

F. Wauters et al., Phys. Rev. C 82 (2010) 055502

Aexp/Asi
o
T T

A -

-.r|r|r|r1'|1r 1|[|'l| T
-
—il—
e

0.9
» no energy dependence left
Aexp ( In) = -0.990 (1O)stat (1O)syst 0.8 = corrections OK
(Asm = -0.996(3) ) 07780 200 220 240 260 280

F. Wauters et al., Phys. Rev. C 80 (2009) 062501(R) Energy (keV)
major systematic errors:
Aexp (67Cu) = 0.584 (6)stat (11)3yst - performance of GEANT code (scattering)
(Asy = 0.5993(2)) - determination of nuclear polarization
G. Soti et al., submitted - induced (recoil) terms
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Constraints on tensor type weak couplings
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C/Ch

a(®He)
C. Johnston et al.,
PR 132 (1963) 1149

A(®°Co)
F. Wauters, N.S. et al.,
PR C 82 (2010) 055502

o - WeLi)
G.Li, G.Savard et al.,
PRL 110 (2013) 082502

A(®’Cu)
G. Soti, N.S. et al., (2013) submitted

black band: Pr/Pgs;
A.S. Carnoy et al.

PR C 43 (1991) 2825
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Precision measurements in nuclear/neutron  decay in the LHC era

0.02 I % 0.02 |
_ Pp/Pgr 1Bl <0.
—_LHC7,5fb!
0.01- 0.01 N
| LHC8,20fb""
'_._:_;:‘ L . l“'. .. I
£ 0.00 by+=—0.0022+0.0043 7 000 _:LPI%CH.SI"J_' fb
ot
.--"'/
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| 90 % CL
-0.02 y o Blmddd -0.02 |
-0.004 -0.002 0.000 0002 0.004 -0.004 -0.002 0.000 0002 0.004
Re(ep) €7
nuclear and neutron decay, pion decay limits on scalar/tensor couplings
— _ obtained by CMS collaboration in
O. Naviliat-Cuncic and M. Gonzalez-Alonso pp > e + MET + X channel

Annalen der Physik 525 (2013) 72.

L - S. Chatrchyan et al. (CMS Collab.)
- V.Cirigliano, et al, J. High. Energ. Phys. 1208 (2012) 023:
J. High. Energ. Phys. 1302 (2013) 046 - CERN Rep. nr. CMS-PAS-EX0-12-060 (2013
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iInduced / recoll terms

vo  beta decay: H = Gp(yf|Vu(0) + Au(0)]es)*

with  [F = E(p)"‘;,-”(l + "‘}-‘5)'1)(/!{-)

Vi(q®) = algv (q®)uld .
free quark:
Au(q®) = algal(q®)yusld
}d\d but: decaying quark is not free but bound in a nucleon

- extraterms induced by strong interaction

neutron decay:

weak magnetism

rr 2 _ 2 2 Qv : 2y Qo
Vila®) = plov (@) v Hom (a7) o 537 1+ igs(a7) =In
_ B q
Au(q®) = plga(@®)vuvys + QT(Q‘?}C’W"}J onf T agP{qzj—nf V5N
L e
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weak magnetism (CVC)

T=12 J=->J* mirror B transitions

F 0 F
b(ﬂ ) =A M e U e.g. FP. Calaprice and B.R. Holstein
J+1 Nucl. Phys. A 273 (1976) 301

- L 9 0" =07
Ft™rmer = fyt(1465)(1+ dys — 06) =
(1 + jf-—"*pz)
W

P gaMpr =c

N. Severijns, |.S. Towner et al.,
Phys. Rev. C 78 (2008) 055501
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weak magnetism (CVC)

GT B decays of triplet states

TJ

I

i
3
Yy
/

P\

M]
b = 6—— T=T1
EZa
+ +
CQ _ QFt[] —0
ft e.g. F.P. Calaprice and B.R. Holstein

Nucl. Phys. A 273 (1976) 301
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weak magnetism (CVC) -

experimental data

mirror B transitions

X X P decays of triplet states
4 D
y . b
.t — | =5.6+3.0
4 ° e ° * . AC avg
®* o °* . . . J
i xﬁ. % ‘ ° y * l
o dN 4 b
0 1ID Z;D 3'0 ﬁi{J 5I{J 60 dE 3Mn AC

mass number A

= 0.8(4)% MeV ™

V. De Leebeeck, I.S. Towner, N.S., et al., to be published
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weak magnetism (CVC) - mirror B transitions

‘}\Lavg =0.97(10)

10 15 20 25 30 35 40 45
mass number A

|

15 F

/ -0.9
/

avg = 0.92(38) |,

] 1 15 20 25 20 35 480 45
mass number A

(b/Ac)**" [ (b/Ac)™"*

mirror 1.20(49)
(A = 3-45)

V. De Leebeeck, I.S. Towner, N.S., et al., to be published
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weak magnetism (CVC) - Bdecays of triplet states

e experiment &
X shell model theory
L (blja;lcjerpf(blf.-;lﬂjthecl
. L T e
% - triplet 1.01(15)
. o (A = 6-30)
XXX
- . . ** S
0 5 10 15 20 25 30

mass humber A

V. De Leebeeck, I.S. Towner, N.S., et al., to be published
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TABLE . Gamow-Teller decays and the associated parameters needed for a computation of the weak-magnetism slope parameter using

the CVChypothesis.  p Hyber, Phys. Rev. C 84, 024617 (2011) and Phys. Rev. C 85, 029901(E) (2012)
[dN/dE|
Decay li= 1T  E, (keV) [y (eV) b, ft(s) C b,/Ac (% MeV™')  Ref.
. ——
*He — °Li 0" =17 3563 8.2 71.8 805.2 2.76 433 0.646 [28]
2p _, 120 I+ = 0* 11640 0.726 4.35 0.62 [38]
NS C [0 dN 4 b 13120 068 462 |[os [29]
5Ne s BF 0t s 1+ - 1233 2.23 6.02 0.8 [30]
“F — *Ne 2F =07 de 3M n Ac 11.23 [31]
"Mg—*Na 0" 17 dN 0.757 [55]
BALS BMe 4t o 4t 9 0.85 [36]
- - — 0
RS IS 0.7(3)% MeV 0503 || 1321
BAl- B8 352t 0.362 [57]
FpoBsi 327 | dN _ 0.331 [57]
=5(11)% MeV ™ <
“C— N 0" =17 E 1.096 x 10° | 0.00237 276 37.6 [38]
“0 - BN 0t = 1% 1.901 x 10" [ 0.018 36.4 4.92 [26]
P8 [t =07 7002 0.3 266 (7943 10") 000879 944 12.9 [39]
Note: shift of dN/JE by +0.5% MeV c

causes a shift of the
reactor anti-neutrino rate by -1%

because of the hindrance of the decays.

Could indicate breakdown of impulse approx.
if log ft is large, or be due to electromagnetic
interaction which is then very much amplified




The Reactor Antineutrino Anomaly

* Observed/predicted averaged event ratio: R=0.92710.023 (3.0 0)

' . , -yl Solar Neutrino
-*r'“m--oﬁp ------ G------D.o.gs-qlla.tan---C Amma'y
&l " 3Vt (1968-2001)
] - v-oscillation

09

08

Ratio of Observed To Predicted Reactor-v's

0.7 it 57 ) Atmospheric
| -y Bs 48 Neutrino Anomaly
oal— Terra Incognita Reactor (1986-1998)
: 10 be explored Antineutrino - v-oscillation
> 20 projects.... Anomaly (2011-)
0.5 -)_vgggllgngn ?
0 10 100 1000 10000 100000

Reactor — Detector Distance (m) £ Th. L
rom . LAdsSserre

The effect mostly comes from the detailed physics involved in
the nuclear beta-decay of fission fragments in the reactor



B spectrum shape measurements

N(p)dp = H;_JZ(I-F — Uh)z

F(Z,p)-Lo-C - Ry - RC - S(E)dp

- phase space factor x constants

- F(Z.p):
- R,

- RC:
- S(BE):

Fermi function

finite size of nucleus
finite mass of nucleus
radiative corrections
spectrum shape factor

(

3M

n

S(E) z1+i(5iz—j E, oc 1% MeV™

\

b

AC

(for a pure GT transition and neglecting terms o« 1/M? and o« m_?/E )

> dl'« G, F(Z,E)

1+ k'[hNM EﬁJ vk [P
Eﬁ

Fierz
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B spectrum shape measurements with the miniBETA spectrometer

Univ. Krakow — Univ. Leuven dlrc G F(Z,E) |1+ k _|_k

B |1.high ﬁ-endpoirvft energies
(140’ 32P’ 68Cu’ 114|n, s .

= weak magnetism

A

2. low B-endpoint energies
¢ (#°Ca, %°Co, ’Cu ... ) :
A - scalar / tensor type

weak interactions

B | 3. improve current knowledge
on electron scattering

- improve precision of Geant4

signal wires

o _ scintillator
multi-wire drift chamber
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MINIBE TA spectrometer

Detector

- 80 hexagonal cells

(10 planes with 8 signal wires
[¢ = 25um, NiCr 8020] )

- X-Y space resolution 0.5mm

B ek / ,
commissioning ongoing

- Z position from charge division

- energy resolution <10keV. W



Test of the electronics

ADC1 ADC2
n2 h3
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- 20001
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B spectrum shape measurements with the miniBETA spectrometer

principle:

Scintillator
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electron scattering / transmission studies with miniBETA

transmission scattering

Scintillator

Entrance window
scatterer

Electron accelerator

* measure the angular distribution of electrons Detector
after transmission through thin foils

= provide high precision data for the Geant4

collaboration to tune the electron multiple _ _ o
scattering models = conversion electrons for high precision

measurement of the backscattering probability

» initial electron energy from detector + track
curvature

* conversion electrons or electron accelerator
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B spectrum shape measurements with Si detectors spectrometer

central shaft

_ detector
detector mount platform
B X 7
s0urce
1.5
Y :
detector mount platform
- : .-
: 190




B spectrum shape measurements with Si detectors spectrometer

N)
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B spectrum shape measurements with Si detectors spectrometer

— — — —
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Counts (N)

(Exp/Sim)

B spectrum shape measurements with Si detectors spectrometer
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next step:
digital DAQ;
FASTER system
> << pile-up
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nuclear B decay:

Induced / recoll terms

form factor formula Imp. App. remark
Vector type
a a = gy Mp gy =1 (CVC)
NA:a=0
e e = gv(Mr £+ Ags) =0 (CVC, scc) [37]
b b= AlguyMear + gv ML) g = 4.706
f f=gvy/3M=2Mg A: f =0 (scc) [37]
g g= —iM2gy 9 9= /5% f [37]
A: g =0 [37]

Axial vector type

J2
Ja

c=gaMer
d= A(gaMor + gitMer)

1!11,

h = 2“112 — A’gpMer

jg = _24'111'}-2 -14'111'}-2y

Ja = _2 M? gaMa,

ga — gaers =1 [63]

A: grr ~ gr =20 (scc) [37]

Op =

A: d =0 (scc)
—(2myp/max)?ga = —220

A: jo =0 (scc) [37]




for a pure GT transition,
and neglecting terms oc 1/M? and o« m ?/E :

2 E 2 E
H(E)=c°—=—"c¢c(c+d+b)+=—c(5c+2b
o(E) 3 M ( ) 3 M ( )

> H,(E)=1+1,E

_Hy(E)
> S(E):HO(E:O)
r N
S(E)z1+i(5i29jEe
3M C

\— _/




ISAC lon ! beam

search for scalar couplings

MK - FAr+e” +v

superallowed 0* - 0%

pure Fermi transition
(t,, =0.9559)

' Neutralizer

A. Gorelov, J. Behr et al.,
Phys. Rev. Lett. 94 (2005) 142501

3 T 258 E?SMEV 101’ 16 bins — MC

Bdetector

Detection chamber

a= o =0.9981(30)(35)
+—=D

ICs [P +IC [
G [

(90% C.L.)




LPCTrap @ GANIL - °He /3°Ar - tensor / scalar

2006 (6He) aBV _0 3335(73)stat(75)syst
X. Fléchard et al., J. Phys. G 38 (2011) 055101

10000 £ I

1000

experiment

" 6He 2010

plastic
scintillator

Counts

Aala~0.5%

(analysis in progress)

100

Li3+

charge state distribution:

- 10 -
C. Couratin et al.

-

: PRL 108 (2012) 243201 74.6 (1.0) % *CI
jon cloud c 300r  Aa/a~ 0.3% BAr
monitor P | (analysis in progress)
: £
’ = 2000}
MCP @ 17.3 (0.4) % *CI*
c L
>
S 1op0) O7O2%TC | 2011-2012
1.7 (0.2) % *cI* \
o 1un 0 J]Ix_ﬂ n:]:‘mo{gm Cl \\ N 1 L 1 L 1 L
recoil ion detector -_ 0 5 1 6 5 10 12

Time of flight (us)



)

,/;,;«\“’é

WITCH @ ISOLDE - 35Ar - scalar (

(KU Leuven, Univ. Munster, ISOLDE, NPI Rez-Prague, LPC-Caen)

Goal : determine Bv correlation for 35Ar with (Aa/a)sis < 0.5 %
- Mmeasure energy spectrum of recoiling ions with a retardation spectrometer

Detector

7 vector: a=+1

L

Retardation
spectrometer

1500 |

count difference

decay trap
~ 6000 counts | data ——

a=-1 e
a=1 ----peee-
| | | fit: a=1.12(33) -
gootertkap 0 100 200 300 400 500 600
retardation voltage (V)
vertical
beamline
M. Beck et al., Eur. Phys. J. A47 (2011) 45
J M. Tandecki et al., NIM A629 (2011) 396
-l S. Van Gorp et al., NIM A638 (2011) 192
horizontal

beamline



iInduced / recoll terms

weak magnetism

. _ A .y q
Vi(q®) = plav () Ham (¢°) o 577 il igs(q”)—

|n

‘e

A.u{'-’i‘z) = plga(q” )5 + 97(q E)J“”F}““HI tigr(a )?qf



Induced / recoll terms

nuclear B decay:

form factor

formula Imp. App.

Vector type

a n = g]_,' ﬂIF
e e = gv(Mr £ Ags)
b b= A(guMar + gv My)
( f f=gv Véﬂf%ﬂf@ h
MM
q 9= _%ﬂ-fzgy &CCZ-?
\

Matrix element

Operator form

Axial vector type

o c=Z gaMear
d d= A(gaMs1 = girtMar)
h h= ZM?ga5% — A’gpMer

Mp
Mer
My,
M, 2
M,z
Mo
My,

(BT o)
(BISTE i)
(BISTET i)

(BI|ETET ir?||o)
(-fa| SrEids % 1)
Er2Ya (7))

(wTr} (’i H ETi:to-z( -‘{LG};: kazn ' (Tﬂ@

)llev)

B. R. Holstein, Rev. Mod. Phys. 46 (1974) 789
F.P. Calaprice et al.

, Phys. Rev. C 15 (1977) 2178




Udu

Induced / recoll terms

due to strong interaction;
decaying quark is not free but bound in a nucleon

- effects of few per mille typically
- dominant = ‘weak magnetism’

theoretical study:

induced terms for mirror decays and
T =1triplet decays, up to A = 45:

(V. De Leebeeck, I.S. Towner, N.S., to be published )

experimental study:

new spectrometer for B spectrum shape
measurements (MWDC + E-detectors)

Leuven-Krakow collaboration




effect on e.g. °°Co asymmetry parameter (log ft = 7.5)

F. Wauters et al., Phys. Rev. C 82 (2010) 055502

18T _ar
B asymmetry parameter: Asycr = F n 1[
2
Form factor Effect on Agy (%) 1 E +2m /E]
b 1033 3 M,
' 2
d ~0.05 —”? e/ E
fand g +1.27 - 311'
h 0.00 - 2/
i 013 d EerefE]
c 0.00 Jhl 3M,,
. _ ] g SE |+
ASM ( CO) - _0987(9) Acy YJJ M,
Interaction lc1expl b/Ac, d/Ac, f/Ac Ja/ Acy g/Ac Asm
KB3 0.0138 —7.6 4.4 —5.0 —4.4 x 10° 5.6 x 10° —0.9779
FPMI3 0.0138 —6.8 34 —5.0 —4.6 x 109 5.6 x 10° —0.9767
GXPF1A 0.0138 —6.4 —4.3 —3.1 —3.0x 109 3.5 x 10° —0.9868

with experimental precisions ~ 0.5 to 1%
-> precision has reached the level where the induced terms have to be
Included and quite well known, to further gain sensitivity to new physics




B spectrum shape measurements with a Si detector

1.4

Divided

13— ratio of two 1-day measurements

- slope = -0.3(30) % MeV
L SN
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