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Parityyvialatngprocessesdietvaere aucleenscale tsed/iasé as a

teal/tostutyathe he hadremic: weak interaction (HIMNAS wellwell

as haw itisimaditietiy the strongmieractiensdmoonihérom the
simple Standarddotelyredictian.ion.

Twe ((common) ways tossttaylt\WIWVI :

1. Flavor changing DS=1 hyperam and meson déeayy
U Decay amplitioess asyymmeltgses, . . .

2. Flavor conservimg DS=0 PV inteeactionsar lowienetgyrqgy

U Mestlyasymmetifes: analyzing povewyotationation
angles



Flaver changing aéeayyof fnesonsanthllyperensns :

A Much theevetical progress:fromreRTEF T, ¢PT, Heawyyquadkk
EFT

A Structure ofoperators fromieffectiféective Lagramgians
incorparatednehsymmetiesiet QELICD

Noetisepjnin hyperam decay::
A Unresolived! DIE-YZ ruldpuzziele

A Anemalously large=PWasymmetriesan in hyperam radiaties
decays

AEte.



Do thezuinexpeeted dbservatian®ne the the DS=1

sectarcomedrona aynamiealstiangequarkuark or
some othietproecesss? ?

) [ 00k alithéie DS=0s66to0r

Standard Model: LINT — 7 J”TII JEW A
" 2\/_( T ) LcosB, N

Charged currents:
J& = M1 = 5)tby cos e + i A (L — 75) iy sin b,

— b M1 — 5)1he sin b, + 0 A (1 — 45)1), cos b,

Neutral currents:
8 _ 8 .

A « 92 ; . 2 ,
Iy = v, M (1 — 5 sin O — 5 )y + 0 A (1 — 5 sin O — V5 )10
1 1
' s 2 -9 ,
— (1 — 3 sin O — V5)10g — 0 A (1 — 7 sin O — V5) s



Do thezuinexpeeted dbservatian®ne the the DS=1

sectarcomedrona aynamiealstiangequarkuark or
some othietrproecesss? ?

) [ 00k alithéie DS=0s66to0r

Standard Model: LINT — 7 J”TII JEW A
" 2\/_( T ) LcosB, N

Charged currents:

JE = 0" (L= y5)thy cos O + Py (1 — 75) 1)y, sin b,
— b (1 — 5)1he sin b, + 0 A (1 — ~5)1), cos 6’1& As= 41

Neutral currents:

v 8 . 8 . |
Iy = v, M (1 — 3 sin? 0y, — 75)thu + VA" (1 — 3 sin® 6, — 5 )1,
—p (1l -5 sin® 0, — 5 )1ha — U, (1 — = sin? 6, — V5) s Weql

3 3 .



Goals off DS=0 HWIstmies:s :

1. Answer oywthés)spmetvesof QCICHaracterizedhee the
HWIlinisteanghginteraeting Systemstems

The WIS jusha tesidualéffect of the @f the g-¢q weak
interactioinfof swhiehitite tangeaisgset by titelmasse mass
ofthé 1V bosansns which issmuchismaliéethahdhethe
Size affnucleenssasxdeterminedhby Qe ayhamiesmics

) W/ ]Dr0bES: ShObrangeige qq cormelationss
at'lomnweneegyy

2. Shedlight brothe/puzzies/arthe the DS=1 seatovofdhethe
HWIT



Applicationssobf DS=0 HWIIstmies:s :

1. Atarme-RantyrViolationén (anapole momernt)
2. ParitpyVidiatioroin INutlet/ei

3. Pariy\VididtingElestron-Scatiering ring



DPS=0 HWIstamies:s :

The DS=0 HWlicanmonly/bedsolatéafexpermentaliyidayPVia PV
observables; (o'(sofate thetweakdnteractiondroom theom the
much langerrEMNanohstrongmateraetionsions.

2
gWZ °© 10" Weak ez~ N/ scalé:
am?
M2
gW G2-° 10" Weak N\~ N scalé:

W g PINN

VerychaliGagigd !



DS=0 HWIisamies:s :

So people stantettto leokotor muelearmanymany-bedy (latgee
A) systemssfofavhichidheré existsxsemestortaitonstuifous
enhancement affthehsizezof thé obserrableiable :

— coming oemmeadly/degenenate:oppositesite
pariy\stateimixiigianchinteffererteeence
witththre enuclr largegpantyalfowstbwed
tramsitivinnninuelear exeited statesates.

e.q9:. TRIRFECalldbarationion :

paritywiolatianoin compeapoarmlielel feommettnentron-nucleus
resaemant' seatteringnayithilongiuainat eross sectiorc fion
asymmetriéssobpraedd® 1010 (up too 10 ° enhancement)

G.E. Mitchell etal. Phys. Rep. 354, 157 (2001)



You can getitheweakaspreadingimwjothdwedkauxingixing
amplituade) frororsiatsticalianalysis efithisfdatas data:

) G, =18743107 eV ay, wly.), (G 8
ge DE 20D

0

Can alse haveldtge@)rasymmetaes/fommetneniron radiatee
capturez(lieeere C[): MT. Gericke etal. Phys. Rev. C 74, 065503 (2006)

A, =(—19+2)x 107 %and Ap g =(—1£2) x 107°
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Detector angles (averaged over four rings) [radians]



DS=0 HWIistmjes:s :
However, mamyy-bedy systemssare-banartd dealiwuthwiherwhen
itfcomessta intenanetationiofthefrasultsixatom a non-
statisticaldasiomon.
ThereziSnadransparenteonneetionfon fo theSHA.
- S50 faCkKId devehobySystemsms
A No nueléarstracturephysicsics

A Low nucleon mamenttum ((¢ ~4Q MeV)
alloews 1ov/E EF Mmamentummexpapsiaion

A But nwenhancement bbdsymmetiesies

) \eed letterexpermentsnts



DDH Madél| 6 Benchmark

B. Desplanques, J.F. Donoghue, B.R. Holstein, Annals of Physics 124:449 - 495 (1980)
Amivesati7 \Weak anesarzron-nucleon couplings:: I,
later b
01,2 . s
L'I I/' ) L,Dﬂ L' 1 HOQS/lClM
7Ty P ) L ) r = 1.2 5~
PV coupling DDH range DDH best value DZ FCDH
h! 0— 30 +12 +3 +7
;’?g 30 — —8I —30 —22 —10
h) —1-0 —0.5 +1 —1
h’ —20— —29 —25 —18  —18
h® 15— =27 -5 —10  —13
h! —5—> =2 -3 —6 —6

(e}

All values are quoted in units of g = 3.8 x 1075,

DZ: Dubovik VM, Zenkin SV. Ann. Phys. 172:100 (1986)
FCDH: Feldman GB, Crawford GA, Dubach J, Holstein BR. Phys. Rev. C 43:863 (1991)



The Nucleon - Nucleon Weak /nteraction
Messno-nchdx=c hraxngre/ o:Tura d

— Hpe = igoun P77, (6 )Py, () (x))

Solutions to the Lippmann - Schwinger equation: -
Essentially the first.order term in.a Born series:

1
E,- H,+/e

F Vond ) = (N N [Hlpe Hond NiN;) ———> lgpNN 2 [ld [d] [5 +52]Cép J
e

Weak p- Nucleon Coupling
(r,w not shown)



Meson exchange: picture-cont.

1
E, - H,+ie Hend N,

<Nfo ‘HPC

=8 i (M ISI, ., (k) -, (ST

k



Meson exchange:picture-cont.

1
E, - H,+ie Hend N,

<Nf N ‘Hpc

—an(— ‘S‘N :0/ )>Wik<Nf,p,(k)‘5‘N,>

Relationship to quark degrees of freedom:

y
S =2 it it it o{F ()A40 ) )
/| — m~y3 ? g m g m g
H, = X%( W+J”Wm)+4COSqWJ ZmH

HL =- fX iy it U of ()b, - ¢,



Meson exchange:picture-cort.
1
Honc NN,
E, - H, +ie nc NV, )

1
an(— /(SN )y (N

Relationship to quark degrees of freedom: /
y

S = - VAP 2|7T#3{Hml/(f1)Hml/(t2)Hl 3

<Nfo ‘HPC

2
.3 € g . g mo 9
H = frex a9 B ow )+ J oz
W S m m 4COWNmH

DDH use SU(6), quark model, and measured hyperon decay amplitudes
/nstead !



DDH Madaél/ 6 Benchmark

Imgenerabla measuredd2VANN obselvablexdn be
expanded imtenns of dheses

— ~141 040 1.1 2 |42 040 1.1
OPV_ap/&? +ar hr +arhr +arhr +aWhW +am/7w

E. G. Adelberger and W. C. Haxton, Ann. Rev. Nucl. Part. Sci. 35, 501 (1985).

DDH Weak (A)np- dg | (A)nd- tg| (fp) n-p | (fp) n-a feifp-p | 4=Wgp-a (AP,) n3He - to

Coupling (mad/m) | (nrad/m) CW = CW =
a,’ -0.107 | -0.92 |-312 | -097 0 |-0340 | -0.189
a,’ 0 -0.50 | -023 | -032 | 0.079 | 0140 | -0.036
a,’ -0.001 | 0103 0 011 | 0.079 | 0.047 0.019
a,’ 0 0.053 | -0.25 0 0.032 0 0.0006
a,’ 0 -0.160 | -023 | -022 |-0073 | 0.059 | -0.033
a, 0.003 | 0.002 0 0.22 | 0.073 | 0.059 0.041

Viviani et al.
PRC 044001




Experimentat fesuitsigeperalhundgreemuthwihenDIDH rabgés,dout:s, but:

U Uncertamties arerlarge-ge

U Seme expenmentabrestits brogueecentifeting valuesifoes for
coupling eanstants{(g.g.d/aliesder for h;' foom 18F andl *3Cs
difféiebyiseveratral 8)

DDH "reasonable range"

DDH '"reasonable range"

c:é 2 cﬂé =2
S VS
S S
= <
7 2 . .
0.5 0.0 05 10 1.5x10° 0.5 0.0 0.5 10 1.5x10°
h,!

h,

p- p scat. 15, 45 MeV A PP
p- p scat. 221 MeV A PP
p- a scat. 46 MeV A PP

133Cs, 205T| anapole moments
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Effective Hadronic Vector
Weak Force Coupling Constant

T

10 1.5x10°

Hadronic Isovector Weak IForce Coupling Constant
- d
n+p- d+g Aq
n-a spinrot. df"/dz =[+1.7 £9.1(stat.) +1.4(sys.)] x10-7 rad/m

W. M. Snow efal Phys. Rev. C 83, 022501(R) (2011)



n' He SpyimRatatioin

MNIETEXperimentnt:

+y room-temperature cryogenic motion-control

magnetic shields i-coil magnetic shield system “He ionization
| x /‘\ p"c.im / ™~ chamber
. ) T
v input coil : | | Aﬁ output \

\ ] \ X f,J’ ' coll \

\ \/ i = ‘
cryostat , X
. SUpEermirror
supermirror \\\ l|II OI_.ItpUt g uicle: pe

. ) . larization
larizer input guides po
Po g N analyzer

liquid helium targets

A Verticallyl polatizédentutronsons

A Enterrliguiddhélicimntargetyaithwiour chambérsnbers

A Neutronssrotate fia heliuphiimaispin gepetidentdiayt way

A Neutronssare totatedtinithie Xhe x-y plane:aftéracquipingithe PV dtationation
A Neutronssare-analyzedtid anathether supermimrosr polarizetr

A Transmittedd neutranssare«letected dn/ the ion chambernber

ﬁi;ﬁ: = (P A sin )




EFT Calculations<(Upshot)

The DS=0 HWI can/be parameterized-interms-of5 (8
with: pions) low energy phenomenological.constants.

Atveryloww momenta (¢ ~50 MeV) the-constants
essentially.reduce to the's5 Danilov parameters:

’ 0 1 2
/s’/s’/s’/z"rz‘
originally. determinea-from NN

scattering theory (Barn-approximation)
write-down simplest-S - P amplitudes

with PV ana - CP-cons: amplitudesin
adddintia oncrtael Tsden giloet

At'higher momentuminclude-explicit pions.



EFT Calculations

Wiritecdown 12 possible general P:violating and CPR-conserving-current
current terms-with all ISospin changes up tos DI=2":

et ceée

Wtentials are expressed interms of12:-parameters,

Shi- Lin Zhu, et al. , Nuclear Physics A 748 (2005) 435 98



