- i &3
i W = L i [ S R
b M b o i LBk
2 17177 TN L EELEEE W
= o o ; L Aan L E
: - Hww i rEEEEERE EtiE CEEE 3
LL L i d o Ll ki i T S n
A — . = | oo be
Ly e £l ™ 1
i LLLERLL L Bl v
E Ll LLEE g )
E Ll L TR L | | L b b e e e e e s T 4 - .
N AR AR AT AT A A A RN felal | b g }
T . T S
N NN Ll NN N NENSNS S
W W o LLLLLERL L i o 1
T L_‘.L_L_q.;.t e LLLLL L E B t - 'L Ee
LLERRLL e LLLLRREL L BLE
L LLLERL L Ll LLLLLERL LB INHAT N TN L &
L a LRbkel LLLLL i 5 17 LLLtht T
I NS LR e i LLLLL IR = 1 42 o e
R INERWW® I L LELLy L 1 3 a LLEbpg
i BRARN S [N SR . L Jo I LLLER
man LELL Lkl _w LLLL [ .b
jm L ) LERRuEEE Ll LEkERi
= W LEREL LLLLE B L B L
S99 A ———— FEEEL-EEREREE EEEEE , £
LEbLle T T LLLLE L] LE 2 g R
L B LI LR e W ki EEE 7 i
LLLLLE L L L LLEL L i LLL) 2 b o g L Bk
ALl LLERRL | BREk I Eppnpal A
LLL R LR L e IS I
- Ll LLE L Ll L LLLLEEL
L Bl SYSIEN & N S Ll
Ll Lt LLEREL | e LLLLEL :
LLLbEl e i i
LER L LLEL ok
28 Bl 1
i EEEkl = LRkl T .
1 Lk L Li o 1 1 B TN I L
LE |5 ' SRR ; ! 3 i 1 It
! sl ppEEy tL] s - L ! } I’ E 1
Bkl Lkl B2
e e R L
9 Lol
L LLELE
# a e ational Labos a 0 '
fm
Ll A
B e B, i e e e i £ L o L Ll s b 3
LE
i LR
N L&
= L&
] B L ERuEL
J TR B0y =1 of o
It Bl
. B ta D ay a a PI‘ b f N Ph 1 B
_ e ec V as obe o ew sics
o 8! (% .
Jo i } P 3t =
B L Bl il o 4
i November 1-3, 2018 “aftainid :
L !!'._1. = I
- Lt] t“.: Lol -
L -
| I
Lk L
iversi y ot Massachusetts erst -
g B
L sl B
T T I B
Im
an
L L el
1
&
]
(-1 -
14
o
L =
L& - L
= L
T o | =




A probe for new physics

* CKM unitarity

* Competitive with LHC limits!
* LQCD calc g, now 1%?
 New A} calc shifts from unitarity?

nuclear neutron nuclear pion
o+t 0t mirrors
003 F 3 F 3 F 3 E -
o
£ .002 | 4 L 4 L 4 L i
1]
=
"I Y N D D (e ——
g —————
5 001} - —( 4 F 4 F -
| | . e | m—

Experiment

d’ Vud Vus Vub d
s’ — Vcd Vcs Vcb S
b’ Via Vis Vuw b
Vaal? + [Vis|? + |V L 0.9994(5) (PDG 18)
— 0.9984(4)

* Beyond Standard Model &

* Scalar, Tensor, Right-handed currents

* Improved LQCD calcs of g,, g5, g¢*

'Gonzalez-Alonso, Naviliat-Cuncic, and Sevetijns, arXiv:1803.08732

2Chang et al, Nature 558 (2018) 91-94

Seng, Gorchtein, Patel, Ramsey-Musolf, arXiv:1807.10197

*Gupta et a/, PRD 98 (2018) 034503

0.004f ~ "~ T T T T T T

0.002

- Radiative correction

- Nuclear correction
Hardy and Towner, CIPANP2018

-0.002}

-0.004}

Current B decays
Current LHC
Future B decays
Future LHC

-0.002  -0.001

0.000 0.001 0.002

ET
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Neutron (3-decay observables

pe Dy Pe Dy Pe X Dy
dW x 1+ a +b—+ A +B—+D
E.E, ' E, <")<Ee E, EE)
A:— AZ+A a = 1_12 A:ﬂ
- Perkeo Il (hidden) 14342 1+342 w(E.) 9v
J— aSPECT (prelim.) Asymmetties: @meas(Ee) = 1+me TE
UCNA (2017)
aCORN (2017) = .
PERKEO Il 2013) = e CKM unitarity:
owmn b USSR e = W (1,024 30
Byrne (2002) Goal: dA/A orda/a — 0.1% and dt — 0.1 s

—~

— ) PERKEO II (2002)
Mostovoi (2001)

. B (b,), b linear sensitivity to BSM S, T

Yerozolimskii (1997)

PERKEO II (1997) ( =} BSM _ 2
Liaud (1997) b - 1432 [gSES - 12)'gTET]
PERKEO 1 (1986) BSM 2
Stratowa (1978) b = [A €Ec — 4‘ € (1 + 2).)]
TET
| | | | v 1+ 3,2 Js€s g
—.30 —1.28 —1.26 —1.24

A= Not yet measured in neutron decay, until...
=84/ 8y
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UCNA collaboration g

M. A.-P. Brown,! E. B. Dees,?? E. Adamek,* B. Allgeier,! M. Blatnik,® T. J. Bowles,® L. J. Broussard.®
R. Carr,” S. Clayton,® C. Cude-Woods,? S. Currie,® X. Ding,” B. W. Filippone,® A. Garcia,* P. Geltenbort.”
S. Hasan,! K. P. Hickerson,” J. Hoagland,”? R. Hong,® G. E. Hogan.® A. T. Holley,!" T. M. Ito,% A.
Knecht,® C.-Y. Lin,* J. Liu,'* M. Makela,® J. W. Martin,> '? D. Melconian,'® M. P. Mendenhall,”

S. D. Moore,? C. L. Morris,® S. Nepal,! N. Nouri,! R. W. Pattie, Jr..?:3 A. Pérez-Galvan,® D. G. Phillips IL?
R. Picker,” M. L. Pitt,” B. Plaster,! J. C. Ramsey.® R. Rios,% 1* D. Salvat,® A. Saunders,®
W. Sondheim,® S. J. Seestrom.® S. Sjue,’ S. Slutsky.® X. Sun,® C. Swank,” E. Tatar,'* R. B. Vogelaar,”
B. VornDick,? Z. Wang,® J. Wexler,? T. Womack,® C. Wrede,® '® A. R. Young,>? and B. A. Zeck®
(UCNA Collaboration)

! Department of Physics and Astronomy, University of Kentucky, Lerington, Kentucky 40506, USA
% Department of Physics, North Carolina State University, Raleigh, North Carolina 27695, USA
* Triangle Universities Nuclear Laboratory, Durham, North Carolina 27708, USA
i Department of Physics, Indiana University, Bloomington, Indiana 47408, USA
*W. K. Kellogg Radiation Laboratory, California Institute of Technology. Pasadena, California 91125, USA
®Los Alamos National Laboratory, Los Alamos, New Mezico 87545, USA
"Department of Physics, Virginia Tech, Blacksburg, Virginia 24061, USA
® Department of Physics, University of Washington, Seattle, Washington 98195, USA
9 Institut Laue-Langevin, 38042 Grenoble Cedex 9, France
1 Department of Physics, Tennessee Technological University, Cookeville, Tennessee 38505, USA
Y Department of Physics, Shanghai Jiao Tong University, Shanghai, 200240, China
2 Department of Physics, University of Winnipeg, Winnipeg, MB R3B 2E9, Canada
13 Cyclotron Institute, Teras AEM University, College Station, Teras 77843, USA
" Department of Physics, Idaho State University. Pocatello, Idaho 83209, USA
15 Department of Physics and Astronomy and National Superconducting Cyclotron Laboratory,
Michigan State University, Fast Lansing, Michigan 48824, USA
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UCNA experiment

More from Andy
Saunders, next

Hall Probe  Calibration Source DLC-coated
Array Insertion Copper Decay
Volume
MWPC

o 7S"[;)wi;n-ﬂipper

Polarimetry
Shutter

Scintillator

Thin Foil
2010: 700 nm Mylar
2011-12: 500 nm Mylar

Polarizer-AFP
Magnet

UCN Detector

, ¥ 5B Switcher
2012-13: 130/180 nm 6FGF iron Foil UCN p ™
Superconducting Detector UCN flow
Spectrometer (SCS) during
1 T Central Field depolarization UCN flow during

measurement beta-decay

measurement

1Brown et al, PRC 97 035505 (2018)

Leah Broussard Beta Decay as a Probe of New Physics, November 1-3, 2018



Fierz term from UCNA

Detector 1 B field Detector 2

—a |

Polarized neutron  Decay electron

* UCNA: 4= [ acceptance,
low neutron/ambient
backgrounds, energy
reconstruction — direct ol Geants

YYYY Y

- --—-- theory
. L 20 1
spectral extraction of b g data
* “Super-sum” removes =
distortion from A I TR T
1 n _ 1 _ + 5 0.02} & 4 |
= NOINE; +3 NENE] T
g—omf * N Fog
* 2010 data set dominant oot O30
error: energy calibration e

b, = 0.067 £ 0.005¢4 3927 sys
~0.041 <b,,< 0.225 (90% CL)

'Hickerson ez al, PRC 96 (2017) 042501
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Complementary approaches for b

* 2 new datasets: 2011-12, 2012-13

* 2012 improved E reconstruction: b vs octet —

* 2 techniques: spectrum X' vs asymmetry

A

m
+bf

* X limited by E calibration, A,,, by statistics
* Preliminary: b,, = x.xx + 0.03 (blinded)

b for 2011-2012 octets |

0.1

Hlﬁ M' 1]ffmﬂw:

ik i

0.1

1 il
it
'”iii L

e I I ! [ [}
MAEETIE AR TR ATRRACRRET AR T TREET I

0 10 20 30 40 50 60

Initial Beta Electron Spectrum with Different b Octet Number
-0.08
- s AD with b=0
-0.09 :— — Energy fit window
- bllnded —— Fitted AD
@—0.1_—
< F
g -
Lo
Q -
5 -
Q0.12—
> F
I =
- 0.13—
=013
e E
£ F
M. 14—
—-0.15—
oqeb b1 NN Y I U I | P
100 200 300 400 500 600 700 800 900 1000 0 200 400 800 1000 1200

Kinetic Energy (keV)

Thanks X. Sun (Caltech) for slide content

TLeah Broussard

Reconstructed Energy (keV)
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Fundamental Neutron Physics at the
Spallation Neutron Source

T

FNPB program:
np - dy
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Nab Collaboration

Active and recent collaborators:

R. Alarcon?, S. Baessler®® (Project Manager), S. Balascuta?, L. Barron Palos®, T. Bailey™, K. Bass!, N. Birge!, A.
Blosef, D. Borissenko®, J.D. Bowman® (Co-Spokesperson), L. J. Broussard®, A.T. Bryant®, ]. Byrned, J.R.
Calarco®, J. Caylor!, K. Chang®, T. Chupp®, T.V. Cianciolo®, C. Crawfordf, X. Ding®, M. Doyleb, W. Fan®, W.
Farrar®, N. Fomin', E. Frlez", J. Fry?, M.T. Gerickeg, M. Gervais’, F. Gliick?, G.L. Greene®, R.K. Grzywacz!, V.
Gudkovl, J. Hamblen®, C. Hayes™, C. Hendrus®, T. ItoX, A. Jezghanif, H. Li®>, M. Makelak, N. Macseys, J.
Mammei¢, R. Mammei!, M. Martinez?, D.G. Matthews!, M. McCreaf, P. McGaughey*, C.D. McLaughlin®, P.
Muellere, D. van Petten®, S.I. Penttila® (On-site Manager), D. E. Perryman’, R. PicketP, J. Pierce, D. Poc¢anice
(Co-Spokesperson), Y. QianP, J. Ramsey, G. Randall?, G. Riley!, K.P. Rykaczewskic, A. Salas-Bacci, S. SamieiP,
E.M. Scott,, T. Sheltonf, SK. Sjuek, A. SmithP, E. Smith*, E. StevensP, ]. Wexler™, R. Whitehead!, W.S. Wilburnk,
AYoung™, B.Zeck™

2 Department of Physics, Arizona State University, Tempe, AZ 85287-1504 i Department of Physics and Astronomy, University of Tennessee, Knoxuville,
b Department of Physics, University of Virginia, Charlottesville, VA 22904-4714 TN 37996

¢ Physics Division, Oak Ridge National Laboratory, Oak Ridge, TN 37831 I Department of Physics and Astronomy, University of South Carolina,

d Department of Physics and Astronomy, University of Sussex, Brighton BN19RH,  Columbia, SC 29208

UK kLos Alamos National Laboratory, Los Alamos, NM 87545

¢ Department of Chemistry and Physics, University of Tennessee at Chattanooga, I Department of Physics, University of Winnipeg, Winnipeg, Manitoba
Chattanooga, TN 37403 R3B2E9, Canada

fDepartment of Physics and Astronomy, University of Kentucky, Lexington, KY ™ Department of Physics, North Carolina State University, Raleigh, NC
40506 27695-8202

9 Department of Physics, University of Manitoba, Winnipeg, Manitoba, R3T 2N2, " Universidad Nacional Auténoma de México, México, D.F. 04510, México
Canada ° University of Michigan, Ann Arbor, MI 48109

hKIT, Universitat Karlsruhe (TH), Kaiserstrae 12, 76131 Karlsruhe, Germany P TRIUMF, Vancouver, Canada, V6T 2A3

Main project funding:
| @ ENERGY OAK il

RIDGE UNIVERSITY
Offlce Of SCIence National Laboratory g IRGINIA
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Nab measurement principles

* Goal: Aa/a~107 and Ab~3%107

* 47 B acceptance : “tear-drop”

2— 2 2 . . &
* Pp=De T 2PeDy COS Oy, + Dy Yield: < 1 + aEe cos 0,,
15 —[l)I'OItOII] phalse Isplacé L 7 1 Yield (arb. units) R
i ;.
&> 1 N 100 keV
o =
3 300 keV
% e
= i 500 keV
ND.0-5 |
) i 700 keV
0L \

Bowman, ] Res NIST 110 40 (2005)
Pocanic ez a/, NIMA 611 211 (2009)
Baessler ez a/, ] Phys G 41 114003 (2014)

Leah Broussard Beta Decay as a Probe of New Physics, November 1-3, 2018



Nab measurement principles

mmetric spectrometer with long
Farm: proton TOF =
momentum

e As
T

my,  f(cos6)
Py Dy
* Adiabatic field expansion

t, =1L

_my dz

L
=5
pppzo\/

1-— Msin2 0 + q(V(z) = Vo)

By Eq

~7m

10000}--1

* For each E_ 5
fit central 75%
to obtain a :

6000 "

* Edges verify
spectrometer
response soonf-5]

4000 %--

H i i i H
0.001 0002 0003 0004 0005

Ut B2 § Fry, UVA

TLeah Broussard
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upper detector
[-30 kV] / "
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(s
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()
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TOF
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(=}
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magnetic ]
/ filter
N
neutron beam j

o
[ 12

lower detector g
[-1kV] S
L [ | [ s

< o (o] i (=]

B, [T]

z [cm]

J. Phys: Conf Ser. 876 012005 (2017)




Nab spectrometer installation

Installation crew nominated for ORNL “Significant Event Award”
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Expected statistical uncertainty

1.4 MW routine at SNS

Statistical uncertainties o, for a SM fit [b = 0]

varied Ee min: 0 100 keV 100 keV 100 keV 300 keV
I tp,max: - - 40 us 30 pus 40 s
* Expect 1600 decays/s = N, 2 24/, 24/VN, 26/VN, 28/\VN, 31V,
. + Ealib, L 2.6/VN, 2.6/vN, 28/vVN, 31/VN, 35/VNy
200 P/S 1n top detector T use 75%8 33/VN, 3.4/VN, 3.6/V/N, 40/yN, 46/VN,
3 + 10% bgd.  4.3/VN, 4.4/VN, 45//N, 49/VN, 55/VN,
@ ~ -
Up to Aa'/a' 2 >< 1 O eaCh § fits for a use only the inner 75% of ps data.
N, ...number of d di d .
run_cycle [ number of protons detected in upper detector
Statistical uncertainties o, for a BSM fit [variable b]
° Require 2 YCZIIS SNS vaLied rtEm. E 100_keV 12?) T;ZV 128 ZZV 33(()) l;iv
' ot No o b 24/ N, 25/VN, 27/VN. 30/VN. 36/VN,
running for statistics goal ek 24V 25V 21V SOV 36V
: 0 + use 75%*  3.4/V/N, 35/v/N, 3.8/v/N. 4.4/VN, 51/V/N,
* Indudlng 50 /O duty + 10% bgd.  4.4/VN, 4.6/VN, 4.7/v/Ns 52/vVN, 6.3/vVN,

factor, 10% background,

several systematic runs

Aa/a~T7x10*

Projected statistical uncertainties o, (for completeness)

Ee.min

0

100 keV

200 keV

300 keV

Obp
O'bT

75/v/N 101/VN 156/VN 263/V/N
7.7/¥YN 103/VN 163/VN 27.7/vN

T with Eaip, variable.

[ N ... number of n-decay electrons detected in either detector. |
D. Pocanic

TLeah Broussard
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Nab expected systematics for a

Experimental parameter Principal specification (comment) (Aa/a)syst
Magnetic field:
curvature at pinch A~y /v = 2% with v = (d°B,(z)/dz*)/B,(0) 5.3 x 10~*
ratio re = Bror/Bo (Arg)/rg = 1% 2.2x10¢
ratio rapy = Bov/Bo (Arspv)/reov = 1% 1.8 x 10~*
Ltor, length of TOF region (*)
U inhomogeneity:
in decay / filter region |Us — Upy| < 10mV 5x 10~*
in TOF region |Us — Uror| < 200mV 22 x10°*
Neutron beam:
position A{zpy) < 2mm 1.7 x 10~*
profile (incl. edge effect) slope at edges < 10%/cm 25 x 107"
Doppler effect (analytical correction) small
unwanted beam polarization A(P,) < 2-107° (with spin flipper) 1x10™*
Adiabaticity of proton motion 1x10™°
Detector effects:
E. calibration AE. < 200eV 2.107°
shape of E. response AN /N < 1% 4.4 x 10~*
proton trigger efficiency €, < 100 ppm/keV 3.4x10¢
TOF shift (det./electronics) At, < 0.3ns 3x10*
TOF in accel. region Arcrounp e, < 0.5mm (preliminary) 3.4 x10™*
BGD/accid. coinc’s (will subtract out of time coinc) small
Residual gas P <2-10 " torr 3.8 x 107"
Overall sum 1.2 x107°

TLeah Broussard

(*) Free fit parameter
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Systematics for Fierz term b

* Full § energy collected, except:
* Bounce history (deadlayer), bremsstrahlung, detector response...
* Also backgrounds, edge etfects, timing cutoff, proton etficiency...

* Statistical uncertainty ~3 x 1074
* if gain free parameter - 5 X 107*

* Initial (partial) parametric study of systematics:

Systematic Requirement
Gain Free parameter
Offset +0.06 keV
Max. nonlinearity ~ *£0.05 keV
Resolution T2 keV
Energy tail +10%

H. Li, UVA
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Magnetic tield

* Precise (relative) field mapping

* Locate electron/proton flux tubes

Y (< 2%)
\ Bfilter
eelcay iiter
olume
IBlvsz
ZTOF (19) T T T e
B Bfilter 4l ;
DV\‘ 35 f
I 1
BTOF 8 l*
B EZ.S 3 f{'
DV (1%) g L J.+
Bfilter ol |
. | ]
K ‘ K 1 fﬁ‘ '*. _.-"n
20 -10 0 10 20 30 05| *,." j }
“em J Teeaes e
S. Penttila, ORNL 0— ‘ ‘ ‘

TLeah Broussard
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Detector effects

* Linearity to ~10* — radioactive
sources; need high precision
calibrated pulser

* Temperature stability to 0.5 K —
sensors, leakage current, pulser
oaine

* Detector response vs. event
energy/hit location; uniformity —
collimated radioactive soutrces;
electron-gun studies

* Cross-talk = radioactive sources,
proton beam (physical); pulsers
(electronic)

Si detector: 2 mm thick, 11
cm diameter active area, 100
nm deadlayer, 127 hex pixels
40-50 ns rise times

3 keV @ 30 keV FWHM

Leah Broussard Beta Decay as a Probe of New Physics, November 1-3, 2018



Detector eftects

* Energy loss (dN_ /N, < 1% for a) : /’s\
. Il GEANT4.10.3+EmPenelope ' 3

* Backscattering = sum both detectors ] -

| 107 300keV e R and No B

(.
but' ° Event Fraction: 14.149% 1
* Bounce history of electrons — | Fom 00kt
radioactive source studies to i
benchmark simulations I e

* Detector deadlayer uniformity — GEA}qm_m.aEmpénempe'

measure with proton and electron gun £ | 107300keV & Brehmsstralung

Tail Fraction: (1.138+0.004)%

* Bremsstrahlung needs X10
improvement — characterize in situ
with radioactive sources; electron-gun
and gamma detector

1 1 1 L L 3
0 50 100 150 200 250 300

* Rate-dependent effects:
backgrounds, accidentals, deadtime E. Friez, UVA
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Detector eftects

* Proton trigger etficiency < 100
ppm/keV (efficiency slope 50%) —

proton gun

* TOF bias <0.3 ns on average
between electrons and protons (from
detector response) — collimated fast
timing source, electron-gun

Weighting potential

Particle Interaction in Silicon

rg\ 0.35
& 0.3
__________________ o 0.25
o
9 0.2
w
o 0.15
o
o S 0.1
V, V, 0.05
B00V e e o 0V
16 '1§ 20 22 24
Graphic by A. Jezghani, UKY X position [mm]

10°F " ]
L 3
i av"h{fige energy -
10°F Threshold? rr'I - lossiillkeV 3
=B I h ]
zlo H;' ! ;
= 1 3
10°F | [
i -"I_Iﬂ'r" r
o e HL ;

0 5 10 15 20 25

detected £, [keV] (w/o electronic noise)
S. Baessler

Signal amplitude [a.u]

»  Center electron | |
« Edge electron | |
+ Corner electron |
*  Center proton

* Edge proton B
s Corner proton |

20 80
Time [ns]
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45Ca Fierz term

"Fit of B energy spectrum —
. . . . . 10-2 - -‘
* Learn high precision calibration
* Also nice BSM target 5
* Source on thin 6F6F foil 8 J
* UCNA spectrometer with UCNB/Nab
detectors B e s e mme o)
1072 107 10° 10"
* 108 events collected End-point energy. £, (MeV)
] 207Bj 139Ce. 113gn
) ’ K o
#Ca source source insert ot — b0
T B 87— oo
: - m E@] f X, K i ||'=w:7 m ; ozi—
" . oal |b]~107
NN e — L] o: T e T e e o
UCNB S| Energy [MeV}
detectors L. Hayen, KU Leuven

1Gonzalez-Alonso and Naviliat-Cuncic, PRC 94 (2016) 035503
2Hayen et al, RMP 90 (2018) 015008
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Polarized Nab (abBA/PANDA)

Only major modification: Addition of

a neutron beam polarizer Multipixel Si

detectors for
. .. . . - decay electrons

Main uncertainties in previous best 1./ and protons

experiments: statistics, detector,

background, polarization

* Statistics @ SNS or NIST is sufficient
for a competitive measurement of 4,

but could be better

SEICIIRY

* Superior detector energy resolution,
good enough time resolution

Cold Neutro

* Keep coincidence detection
Beam from left

(electrons and protons) to improve

background
Goal: AA/A <1073, AB/B <1073

* Polarization measurement seems
manageable (Crossed supermirrors or

He-3)

Thanks S. Baessler for slide
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Summary

* UCNA has produced first spectral determination of
—0.041 <b,,< 0.225 (90% CL), Ab~0.03 in analysis

* Nab is now commissioning, aiming for Aa/a~107

and Ab~3x10

* Key systematics for a include relative magnetic field
determination and electron energy reconstruction

* Detection systematics both challenging and an
opportunity for other physics targets

This research was sponsored by the LDRD program [project 8215] of ORNL, managed by UT-Battelle, LLC, and the U.S. Department of Energy, Office of Science, Office of Nuclear Physics, contract DE-AC05-000R2272.

Leah Broussard Beta Decay as a Probe of New Physics, November 1-3, 2018



Nab uncertainty analysis

* Simple model for parametric studies

(= [t dz
p z . V(z)-V
pp %0 Jl‘B(Z) <in? 92 1V@-V0)
By Eg
* Piecewise quadratic
¢ q] N Magnetic field B(z) By(1 - (az)?)
approximation
° Compute analytically neutron beam Linear transition
* Neglect V(z) term <
widt
for speed, then apply =
. - T,
correction factor 0By By - 1p
—
} — } i S
N enter Z2l 24 {1 %) L ¢
S. Baessler
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UCNA measurement principles

. v U ‘.
Woc1+C(P)A(E)COSH T n}/
' 1
Magnetic spectrometer: {(cos ) = +- \

* Measure asymmetry: 2 detectors, 2 spin directions ¢

* Spin-dependent and detector-dependent etficiencies?

* Cancel systematics with Super-Ratio

_ N (E)-1I-N (E)E Detector 1 . Detector 2
S(E) = N NE)E H B field H
1-VR :
SR = Trjn = %(P)A(E) cos 6 :

Polarized neutron  Decay electron
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