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Inside matter:

Further down:

T2 N
u)@c) sl 7
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» | quarks 8 1
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Y- | leptons ol
QOO risessoson®)

Weak interaction process described by
the V-A theory and is governed by two
free parameters:

VUd and ﬂ,:g—A
9y

Differential decay rate:

(Jackson et al., PR 106, 517, 1957)
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The neutron: Free neutron:

* 1932, discovery * T1,~(880.3x1.1)s
. Mn =939.565 MeV/c?

e qq=(-04%1.1)10%e ¢
*  Jispin

Nn—>p+e +n,+782.3 keV

Within the Standard Model formalism, the B-decay is
the conversion of a down quark into an up quark via

the emission of a W- boson.
@)V v

The Cabbibo-

Kobayashi- vV V V vV

Maskawa matrix: CKM ~ ¢
th Vts th

Both currents occur in neutron decay.

xpf
E E—

dw ocl+
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aSPECT ors 2 ) peyond the Standard Mode

Within the Standard Model:

The coefficients are expressed in term of the
weak coupling constants ratio:

1=9a
Jv
- = . . 1- 22
> e — V, angular correlation coefficient: a = —F
1+34
P+
> e beta asymmetry: A=-2—
14342
— , _ )
> v antineutrino asymmetry: B=+2 — Qg
¢ 1+34
47
> p proton asymmetry: =Xe T35
1+34
» Another measurable parameter: the neutron lifetime, t,= (880.3£1.1) s K.A. Olive et al. (Particle Data Group),

Chin. Phys. C, 38, 090001 (2014)
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Contribution to test the Standard Model: S

< 124 s t 178 g —=&— measurement of «
Determination of the ratio A with different G | el UL
experimental systematics. 1250 Byrne (2002)
H Yerozelimsky (1997)
o I Bopp (1986) Schumann (2008)
Sensitivities towards 1 =—1.2694(28): 126k I {
da dA dB dc : T :
—=0.298, —=0.374, —=0.076, —=-0.124 a2k Liu (2010)
d/ d/ d/ d/ H Liaud (1997) * Mendenhall (2013)
128 - Abele (2002) i * { ‘
B Mund (2012)
The ratio A is used with the neutron lifetime t, to calculate
the first element of Cabbibo-Kobayashi-Maskawa matrix. 1291
|V 2 (49087 i19) S B T B -y 1
— Year
ud| - 2
7. (1+34°)

2 2 2
Unitarity test of the CKM matrix: ’Vud‘ + ’Vus + ’Vub‘ =1 » Non-unitarity could indicate a new quarks generation.

Search for new physics beyond the Standard Model:

1
a= _QLV |2 _|LS|2 +|LT|2 _|LA|2 +|RV |2 _|RS|2 +|RT|2 _|RA|2) » Different sensitivity to new physics,

S

2 5 . ) . ) . ) . > Searches for scalar S and tensor T currents,
A=ZRel-|L,[ Ly Ly +]L [+ Ll +[Ru + R R~ [R, [ ~RR7) S o
& > Possible contribution of right-handed interaction to the weak

process, new gauge boson...
N. Severijns, M. Beck, O. Naviliat-Cuncic,
Reviews of Modern Physics, 2006, 78, 991
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Beyond the theory:

p e~ P Ve Solar cycle
I,v:l: I,v:l: +
Primordial Dt ¢ Dt Ve
nucleosynthesis i Ve W
n Ve n €+
n+v.e—p+e n+et 5 p+1, p+p ptp e

p+p—=>DT+e" v p+pte” - DT 4

Neutron star formation

n Ve
Neutrino detection W
ptp e
'[,V:I:
P e
Pion decay - —
+e” = n+ v
Dt Ve W and Z bosons production pe ¢

Ve + DT 5 p+p+e”

The Universe in anutstret-... neutron !
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Measurement of the electron-antineutrino angular correlation coefficient a:
» Last determination in 2002 by Byrne et al. = Aa/a=5% Byrne et al., J. Phys. G. Nucl. Part. Phys. 28 (2002) 1325-1349
» The aim of the experiment aSPECT = Aa/a=0.3%

» Difficulty: the antineutrino is hard to detect.

Kinematics description:

The coefficient is tied to the shape of the proton recoil spectrum
‘ p which is theoretically described by W(T).

n - 2. W(T) M g1(T) + axg, (T)

@, 3 ¥
8 2
@ : 2
® 1.8
T g 1.6 The actual world average value
8 1af for ais -0.103.
@n  @n 12
1=
0.8F —a=o0 The endpoint of the proton
) ) — 0.6 —a=+ energy is 751.4 eV.
@c ce@® O 4 —a=
e 0. —a=-0.103
0.2
a:-l a:+1 0Llll‘ll\l‘ll\llllll‘ll\I‘II\IlIJII‘
0 100 200 300 400 500 600 700

Proton energy [eV]

= High-precision measurement of the coefficient a can be realised from a high-precision measurement of the proton recoil spectrum.
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Neutron source at the ILL:

aSPECT:

Cryostat (@= 0.76 m ; h = 3.3 m) with a central bore tube
(@= 200 mm):

High-flux reactor (58 MW) delivers a
cold neutron beam in the zone PFlb
(b, =2-101°cm2-s71).

> T=70K, » P =10° mbar.
Inside bore tube proton
(main vacuum cavrty) o 131 detector
Top entrance
Isolating / (detector mechanics) B
vacuum =R analyzing E_ “;ll -
(HVﬂy plane : a
Proton N :
Detector = ¥ |
I AN 2
Analyzing el 8
Plane ryocooler I 33 =
3 4

vacuum tube\

o7
c9 el0 "
el —

cb ¢/

neutron 1 & |
eam i) '
KN I
H \_ [ |
[ RS i ‘ [ ]
3l B
N i ]
1 %L“ | decay
Bottom entrance A_]x L volume

Set of electrodes inside the bore tube surrounded by a
set of superconducting coils.
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Measurement of the proton recoil:

Adiabatic conversion:

The momentum of the
proton is transferred to
its parallel component.

P na 'ag lan By=044T

Pot¢ntipl barrier eU

agnetic field

Adiabatic
conversion

Proton trajectory

B,=22T
Decay volume

p

The transmission function:

In the adiabatic limit the condition for a
proton to overcome the AP depends on
the kinetic energy T,,.

A 103
~=
0,8 p
ar " g
= k3]
2 106 5
sL
=
g 2
g 10,4 2
=13 g
— Proton spectrum for ¢ =+ 0.3 10,2 E
and for a = - 0.103 (BDG 2006) =
— Transmission funcfion @ U =375V =
s . A 0.0
0 200 400 600 ’
Proton Kinetic energy E [eV]
' iftfl <eU
. o
i
F(T)=I otherwise
|
i it >eU/(1- 1)
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Uy &7
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i S |

Silicon Drift Detector:
3 pads of 10x10 mm? each.

rProtons accelerated and
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Ld etected.

_O
Ve Ensure proton transport against
Upper ExB . u 'p . p_ gal
electrode increasing magnetic field.

Proton energy selection by
applying a variable potential
barrier.

Remove trapped positively
charged particles between AP
and EM.

Lower ExB
electrode

Decay volume
electrode

Emitted protons guided by

{magnetic field.

Electrostatic
mirror

Detection in a solid
angle of 4m.
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Pulseheight spectra:

Measurement with different voltages Ua for the potential

barrier at AP.

Mean spectrum, Pad 2, Shutter Open

3

—Ua=50V

Ua=250V
— Ua=400V
—Ua=780V

-
-

Counts [1/s * 1/{ADC channels)]
o

T T TTITIT
p
=
-
-
-

N\

v k
Ve g M
10 £ EN"W ’%‘
Eo e 1 4
ol I \
104 Lol WO T O | I U N T I Ledocidiciad Lol 1 Lol
\ 50 10(‘ 150 200 250 300 350

Proton region

Electron region

e

Integrated proton spectrum:

The fit function is built with the transmission function F,, and
the theoretical proton energy spectrum W:

Count rate

Integrated proton spectrum

*  Proton count rate

s
o
=}
)II

B
o
S

N

(9]
wn
o

N

Fit function
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o

100

‘800
Ua [V]

200 300 400 500 600 700

PeU,n)= No_[OTmaX F, (T)-W(T)-dT

Integration + Analysis, simulations, corrections

Test the systematics effects with different configurations and settings.

uExB scan with AP at 50 V, background subfracted | —s— channel 19

Count rate in proton region, AP at 780 V, shutter open

—— channel 20

—+— channel 21

= + channel 20 = fF
g N channel 21 25-3?
8 t ¥ i 8 sef
.7] scan uExB g
saf-
215~ saf-
210}— . * k3 i ¥ 43;7
& 46
’ scan |ExB
a2

1 1 | | 1 E | |

3 35
UExB_A| [kV]

R. Maisonobe

IExB= -5011000 -1}500 -1-200 -1}50 -50]-1 -200l-1 -50011 -1000}-50
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Free parameters:

» N, count rate with U, at 0V,
» Coefficient a.
» Offset (& constant background)
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aSPECT - :, () ':o ik
Measurement time sequence:
Count rate in proton region evolution for different AP voltage  [— Ua = 50 V
g F Ua=250V
s | bt | i i —ua-400v
8 . WMM !W‘ “ MWWWW ”WM"J{ m WWMWHH(M f[=—Ua=780V E

ramp up AP {#‘

} down AP
i

T g

o, IRy Mdstremarehathi bt atn s ddeatibd

00 . O‘ 100 150 200 2 [~ ISOOJ J
' Time [s]
Closel Open Close2

The background is measured by setting the AP voltage at 780 V.
All protons from the DV are blocked.
Pulseheight region dominated by spontaneous electrons.

But:
= During shutter open: increase of the count rate,

III

= After closing shutter (close2): “residual” count rate.

R. Maisonobe Congres Général SFP 2015
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Mean count rate in proton region evolution, AP at 780 V, Pad 2

- G

Mean count rate in the proton region evolution, Pad 2
Begin, AP at 780 V after second 30

w 08
= L[ Close?2 End, ramp AP to 0 V after second 20
€ o7
3 C
Q C \
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0.4 3 | l |
C T |T|
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B ~ S [/
) C : . . . '
' > D ADDro:g 0 : aracte atic
aSPECT 2 oatiQ Reduction of the background RO
L) O . D
Dependence on the shutter open time:
Count rate in protons region, AP at 780 V, shutter Open . . Count rate difference (Close2-Close1)
. 2 Thdf 55577571 1his evolution can be o
2 F Prob 0.2811 | described by: v =
2 osF po 4.67 £ 0.06 - 2 08F T
32k p1 oeses00s59 | T (L) =P, + 1l-e/t] 5 E B e o7 C
St | 1 5111+ 10.26 ( ) B pl)( © o8 f(t)p) B 1- .
61 I = [ —+—Ua=780V
- NI l:
sk pbb il L] ] E
a LA I = Constant Non-constant  %6& Py
5 _ &L S il | = /]
it r AN A IJ.” background background 05F et
45 ‘* }— u ii H ENE B BEE D . E 0|4§ /{f
% & 03F <
4_ E /
Ao Related to the “residual” count °®*:
F rate after closing the shutter => 015,
30| ! |20| ! |40| ! |60| I \80\ I \100\ I |120| I |140| ! |160| I |180| I |200 0 Ll |4‘0‘ L ,6,0, L Ia‘o‘ ' |12|0| L |14|'0\ | |1é0| L \13\0| L |2c|'0| L \220
Time [s] Open time [s]
Dependence on the AP voltage Ua:
Count rate difference (Close2-Close1) The “residual” count rate which is
— 0.4
27 dependent on the AP voltage Ua.
EOSS: — Linear fit P 8
3 - — Quadratic fit }T Non-constant background
0af Exponential fit o This AP-dependence can be approximated depends on the shutter open
C / o . .
0.25F %/ by different fit: time t,, and the AP voltage U:
= Iy
ok [ v’ Linear b+cU BG(U,,t..)
-} __,,-»—r":ﬁ/ % A A’ "op
015 "’f s v' Quadractic  b+cXJ2
01 v Exponential b+cxexpU,/d)
0‘052
OD_I - ‘100‘ I I200I - ‘300‘ - I4-00I - ISOO‘ - I600I - I7’00I - I&OO
AP voltage [V]
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Technical solution:

The non-constant background is probably related to
trapped charged particles above the AP electrode.

The electrode €15
above the AP was
tested in asymmetric
settings.

Reduction of the time-
dependence:

the fit function tends to a
constant.

Counts [1/s]

Reduction of the AP-
dependence:

the “residual” count rate tends
to be constant

R. Maisonobe
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ew approa 0 s aracterizatio
0 3 ® > Red DN C P D Pra 0
L J

Mean spectrum, AP at 780 V, shutter open

L

= —— el15 symmetric
é 0,14:T —— e15 asymmetric
T
------------------- N
E;j]—é ‘émzﬁ m Hﬂﬁ.% %ﬁﬁﬁ it
et § F ity
(k ® 0.06[— # +]l HH' hi |HJr }
Uyt — AP 0,04: MMHJ[H#
) x o 020 I I 40 T 50 III 8 - I1Oﬁ ‘PUISIEIhL?gE]hl‘[A;JCIc;;gnlels]

Time after Open Shutter
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Mean count rate evolution, shutter open, AP at 780 V, Pad 2 Count rate difference (Close2-Close1), €15 asymmetric| —— Ua = 50 V
101 w F —+— Ua =250V
95F gogj —— Ua=400V
off 8 oaf —+— Ua =500V
: | = —+— Ua=780V
85 | 07
ot I TR N o6F
o el i m{ Wb
7 il THHAH 04F
| [l “ﬂf i M E
6.5F | i 3FE
B | ||| | w|| T Il H| I | | | ||| 03E
B 0.2
551 01F f
:I 11 11 1 111 11 1 11 1 11 | L1 1 11 1 111 111 B L | 111 11 | | 111 111 111 111 111 111 111 111
5 —"20 40 80 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200 220

Open time [s]
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Mathematical description: Subtraction of the non-constant background:

An equation to calculate the amount of the non-constant background

for each AP voltage and each open time for the shutter relative variation on the COEfIONt dyps Wil foper= 2005
8 P ) 21.251 5 5 5 5 e e15 sym., Constant background
top _y S ——— Linear model
BG(UA , tO ) = J‘ pl . (1— e T) dt 2 19 :_ ......... .................. ................... .......... ——— Quadratic model
P 0 2 - : : : : Exponential model
e - IOV C :: 1 15— .................. ................... ..........
— pl(U ) f -t >(1_ e t ) ) C —»—— e15 asym., Constant background
a) o ; | dinearmodel
s : : : : —*—— Quadratic model
= p,(Ua) from the description of shutter Open at 780 V and the 1.05E
description of the AP-dependence of Close2-Closel.
Count rate difference (Close2-Close1) !
o 0.4 : T
g E |— Linear fit 0.95
"1 — Quadratic fit !
g k
03 Exponential fit // 0.9
= " .
| i _IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|III
- T ,_-*:;% 088
= ;lg ,—-‘r”‘? % : Models
C = -t
015_ d i - . . .
g l 9 Mia: count rate difierence (Close2 - Close'), Ped® = Symmatic Shift on a4 from the value without background correction:
0.1 & 0.5 —¥—
= = F —— e15 asymmetric . .
005E go455 Y ; : » with el5 sym., and with quad./exp. models: about 3-4%.
E S naf
RN ] » with el5 asym. and without correction: about 3%.
03;
b
0.2k I T
: [
0‘15:
0.1f T : 1 1
SRR EARE D!
0.055 8
00_ 100 200 ISOU‘ 400 500 ‘ ‘600‘ - I700I - I800

AP voltage, Ua [V]
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ematics.C =

Preliminary results the coefficient a:

The following values are obtained for one pad of the detector and without any corrections.

Coefficient a, ., for different systematics

-0.09

' > BM3& ariatic 0 s -
aSPECT D COE a N O

e15 sym., standard mesaurements

e15 sym., with Mirror
e15 sym., without Mirror

e15 sym., reduced gradient in DV

e15sym., 1o, =50s
el5sym, 1o,,,=100s

el5sym., 1o,,,=200s

Lol T i
elSasym. 1, =508
| | e1Sasym., 1, =100s
042 elSasym., 1, =200s
R l ¥
R Reduced beam, e15 asym., fopen= 50s
0.3 — Reduced beam, e15 asym., {open= 100 s
- Reduced beam, e15 asym., 1, pon= 200s
_0 14 _I 1 | 1 1 1 | 1 1 1 | 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1 | 1 1 | REdUCEd beam' 815 Sym’ rOpen= 50 S
0 5 10 15 20 25 30 35 40 Reduced beam, 815 sym., 15,,,= 100 s
Run

= Encouraging results: (Aayjna/Apjing)star. OF 1% and (Bapyina/ Ayiing)syst. OF about 5%.

= (Adyjing/ Apiing)syst. Should be reduced by considering corrections: background, edge effect, ...

R. Maisonobe Congres Général SFP 2015

Reduced beam, e15 sym., 75,,.=200 s
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Test of the Standard Model at low-energy:

» Weak coupling constants ratio A and 15t element of the CKM matrix
New analysis for the background:

» Contribution to the unitarity test of the CKM matrix, o )
» Characterization of different backgrounds,

» Search for new physics beyond the Standard Model.

J
p \ /.9_
J

» Models for the non-constant background,

» Electrode e15 as a dipole to reduce it.

Encouraging preliminary results: "
> (Aayjina/ Apjing)star, OF 1%
> (Aablind/ablind)syst. of 5% 017C
> Non-constant background correction about 3-4% Reach 1% of accuracy for the coefficient a:
» 0Ongoing data analysis and simulation,
» Quantification of other systematics effects and their correction
Future:

» New beam time with aSPECT: measurement of the coefficient a, measurement of the coefficient C (with polarized neutron beam).

» New neutron source at the European Spallation Source (ESS) at Lund: long pulsed neutron beam. T

SPALLATION
SOURCE

Thanks for your attention

R. Maisonobe Congrés Général SFP 2015 15
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;‘N - Z?M +e +/7e Theory of Fermi (1934): point-like interaction  had (x) = ‘P_(X) ¥ () J Iep(X) - ?(X) ¥ (%)
with hadronic and leptonic currents. H p 7wt H e\ u Ty
Theory by Gamow and Teller (1936): five possible YY Scalar (S) Yg,g'Y Tensor (T)
current-current interaction. Vg Y  Vector (V) V%g Y  Axial-vector (A)

YagY  Pseudo-scalar (P)

Selection rules for the B-transitions:

> Jy-Jy=0andS,,=0  —> Fermidecay —> Scalar and Vector couplings
» Jy—-Jy=0,1and S, =1 =—> Gamow-Teller decay = Tensor and Axial-vector coupling

Parity violation in B-decay found by Wu et al. (1957): only left-handed components of Vector and Axial-vector currents.

Fermi-Decay: & Y f T } \.

& =GV,

AR
. o il

+
@
<
o
%]
I
—
3
o)
I
o

Ve

Gamow-Teller-Decay: ) l %
8a= G Vgh

4

Ve

?— e S=1,mg=1
|

S. Bael3ler, « Neutron beta decay correlations », Summer School on the Fundamentals of Neutron Scattering, NIST Center for Neutron Research, 2009.
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One example concerning new physics : predictions for right-handed W boson.

W, cosg  sing (W,

W, —sing  cosg \ Wy
Current limits Projected future limits
2 B b decavs — _ =" “z Ay C.L. pdecays pr—— 1 =
o [}‘10_ I ﬂx C—L .If.ck):..ij:l.ul(,“r..lff"' — 250 :g; O O.US_ I H . l_‘}"[‘]”lr:. (l"‘; R | %
b= 2.30 68.3% V0 L) /‘ e 0'—0 O = |7 230 68.3% re—_ 0’50 O,
— 461 90% decays | - = 461 90% - I"JL‘L\‘“}'S -
§ 0.08- I g ’ (68% C.L.) £ § 0.044 .6.17 95.4% (68% C.L)4 400 &
' o
= 1300 % = 1 u decays . o =
0.064 , | = 0.03 (68%,C.L) e ] =
* L Aecays : Jo L
(68%,C.L.) 4350 4 500
it ’ | . lepton
0.04- .f'/ lepton = 400 0.024 T f‘liffﬂl_ﬂﬁ"hliil : 600
| r/ scattering ‘plrcscnt ] 450 (90% C.L.) i
v (90% C.L.) limits™ 4500 4 700
0.02— :: 600 0.[“- D [”5-“-_ C.L) E Sl'lﬂ
] [ DA (95% C.L.) . T 31000
00— = 1 00—
-0.2 -0.1 0.0 0.1 -0.10 -0.05 0.00 0.05
Mixing angle ¢ Mixing angle ¢

G. Konrad, W. Heil, S. Baeller, D. Pocanic, F. Gliick , “Impact of neutron decay experiments on non-standard model physics”,
World Scientific, November 2, 2012
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aSPECT o correlatio NE a = RO

Recent results for the coefficients:

e e

-0.11952(110) UCNA (Mendenhall et al., 2013) At LNL with polarized UCN. Detector of electrons by low-pressure
multiwire proportional chamber

-0.11996(58) PERKEO Il (Mund et al., 2012) At ILL with polarized cold neutrons. Detection of electrons by two plastic
scintillator detector.
B 0.9802(50) PERKEO Il (Schumann et al., 2007) At ILL with polarized cold neutrons. Protons and electrons are detected in
coincidence.
C -0.2377(26) PERKEO Il (Schumann et al., 2008) At ILL with polarized cold neutrons. Protons and electrons are detected in
coincidence.
a -0.1054(55) Spectrometer (Byrne et al., 2002)  Proton recoil spectrum using a cryogenic ion trap.

Ongoing experiments with neutron:

=  aCORN for a at NIST by detecting protons and electrons in coincidence,
= gSPECT for a at ILL by measuring the proton recoil spectrum,
=  PERKEO lll for A, a and C at ILL by measuring protons and electrons.

Ongoing experiments with nuclei:

=  WITCH at ISOLDE (CERN): measurement of the coefficient a in the B-decay of 3°Ar,
= LPCTrap at SPIRAL (GANIL): measurement of the coefficient a in the B-decay of ®Hel*, 3°Arl, 1P Ne2*

R. Maisonobe Congrés Général SFP 2015 18
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The Silicon Drift Detector: anode

field strips

Semi-conductor based on the principle of the
sidewards depletion (P. Lechner et al., 1996).

- -V -
AN

X

NASSS

8 NSAMRRR Y

Potential [V]

ANt e e
{\\"«;\‘\}‘\,‘.‘o‘f
e :

Formation of a potential valley where
electrons drift toward the anode.

2

back contact
Radiyg I
m]

0.
o 005

The electronic processing:

Amplitude

event window [\
|

ADC board

Voltage

board e
....... +30V A
to high-voltage power supply -5,
-30V ©
> =
2
D)
T R T *
Coaxial Time
cables A
E
)
[]
=
. > 5
Preamplifie ®
50 pin SUB-D 2 Time
pesssss ' connector fm
3 L [
40 pins connectoi; ________ i > =
2
m Detector SDD g_/\
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Offline measurements in 2012: Analysis of the vacuum with a mass spectrometer.

Variation of the acceleration voltage allowed to identify the peaks.
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The PF1b zone is surrounded by several neutron

Count rate in the proton region with reactor ON and shutters closed
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Example of the edge effect in aSPECT.

This is related to the size difference between the detector and the

Standard beam profile. Reduced beam profile.
width of the neutron beam profile.

Normal aperture, Horizontal projection at =0 ‘small aperture, Horizontal projection at z=0

Detector Detector §

Counts (rormalized)

H 1
2 . . 5 5 :
f '-' Neutron beamprofile  * ?
homl:geneous 1\inhc:mc:genec:us i MO Sl P i
Count rate in proton region with AP at 50 V
Additional parameters participating to the edge effect: Z500r Standard beam profile
»  Settings of the electrodes ukxB and e15, Emj Reduced beam profile
» Position and orientation of the detector. 3 ago gl bt VAN T SV WS M
A
T 42ch
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SPECT]

Perspectives with aSPECT:

The spectrometer would be used with a polarized neutron beam.

Count rate [a.u]
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» 10 days measurements (by alternating the spin orientation),

> Detector with 5

pads to increase the statistics,

Estimation on the coefficient C: ([xy ~ 0.08%
C stat i
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European Spallation Source (ESS) in Lund, Sweden:

* pulsed neutron beam => new systematics,
* long pulses of 2.86 ms at a frequency of 14 Hz.
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