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Hadronic parity violation

Manifestation of PV quark interactions at hadronic level
Interplay of weak and nonperturbative strong interactions
Weak interactions short-ranged (~ 0.002 fm)

- Sensitive to quark-quark correlations inside nucleon
- No need to go to high energy
- “Inside-out probe”

Relative strength for NN case: ~ GFm? ~ 10~/
Isolate through pseudoscalar observables (p - &)



Parity-violating NN interactions

- Meson-exchange model

- Single-meson exchange (7, p, w,...)
- One PV, one PC meson-nucleon coupling
- Most common framework: DDH approach

- Effective field theory

- Pionless: 5 PV low-energy couplings at LO
- Chiral:

- 1 PV 7N coupling at LO
- 5 PV low-energy couplings at NLO

- Couplings only very weakly constrained experimentally
- Additional theoretical constraints?

Danilov (1965,71); Desplanques, Donoghue, Holstein (1980); Kaplan, Savage (1993);
Zhu et al. (2005)



Large-N, QCD

QCD in limit N, — oo
- Taken with g N fixed
Simplifications
- Color-singlet physical states
- Mesons, glueballs: Weakly interacting ~ 1/v/N;
Systematic expansion in 1/N;
- Seems to work well phenomenologically
- Baryons
- Baryon mass M ~ N,
- SU(4) spin-flavor symmetry: u t,ul,d 1,d |

't Hooft (1974); Witten (1979); Dashen, Jenkins, Manohar (1994)



NN potential in large-N; expansion

V(ﬁ—:ﬁ-F) - <(161/7 C)7 (162/7 D)‘H‘(ﬁ1 ) A)7 (ﬁ27 B)>
with ,Bi = ﬁ’ + ,6

- Effective Hamiltonian

H=Ne_ Ve (ﬁ) <All>t <I\67>

s,t,u
- Building blocks

TO'T

S—qT q7 R=qtl q, Gé=q q

- Coefficients vgy,

- Momentum dependent
- Constrained by symmetries

Witten (1979); Kaplan, Savage (1996); Kaplan, Manohar (1997); Cohen et al. (2002)



Large-N; scaling

- Nucleon matrix elements

(N'|S'IN) ~ (N'||N) ~ 1,
(N'|GEIN) ~ (N'[1|N) ~ Ne

- Momenta (in t-channel)

B~
Py ~1/My~1/Nc

- Coefficients excluding momenta

Vstu ~1



1/N, expansion of NN potential

Comparison large-N; scaling vs Nijmegen potential

Kaplan, Manohar (1997)



PV operators in 1/N; expansion
- Leading order [O(N¢)]
P- - (G1 X G2) T4 - T2
- Leading order’ [O(N;)sin? ]

p- - (71 x G2) [11 T2]5°

- Next-to-leading order [O(NQ)sin? 6]

- Multiplied by independent functions U;(p2) ~ O(1)

Phillips, Samart, Schat (2015), MRS, Springer, Vanasse (2016)




Comparison with meson exchange potential

+
™, p,W

- Single-meson exchange with strong and weak vertex
- Structure not in DDH:

[(By x P-) - &1 P- - Go+ (By x P_) - G2 P - G1] (71 x 72)°

- Isovector/-tensor currents ~ sin®fy, ~ 0.23 ~ 1/3 at
electroweak scale — running to hadronic scale?



Comparison with meson exchange potential

- Scaling of strong meson-nucleon couplings known
- Large-N; scaling of weak meson-nucleon couplings

hd ~ /Ne e ~ /N [sin® O]
hY < V/Nesin® 0y h], ~ \/Ncsinzéw

<

—_

sin Oy h ~

w

sinfy A

1
1
7 VNe ””F

=

Large-N, suppression of PV =N coupling h!

- hl’ not necessarily small

Desplanques, Donoghue, Holstein (1980)
Phillips, Samart, Schat (2015)



Comparison with DDH best guesses

[no sin? @}y for isotensor coupling]

Phillips, Samart

, Schat (2015)



Large-N; expansion and pionless EFT
- Leading-order parity-conserving EFT( ) interactions
1 FNYNTY — t ol NV (N o
L= —§CS(N N)(N'N) — ECT(N a'N)(N'c'N)
- Large-N; scaling
Cs~Ng, Cr~1/Ng
- In partial-wave basis

c(%) — (Cs—3Cr), €)= (Cs+ Cr)

In large-N; limit
C(130) _ C(331)

Kaplan, Savage (1996)



Parity-conserving S-wave couplings

In field theory LECs renormalization-scale dependent
- In PDS renormalization

C(1SO) _ 3(351) — M
3 - 1
C(3Sy) sy
1
M"O a( 0)
e 4.4

Magnitude # 1
Wrong sign

Kaplan, Savage (1996); Kaplan, Savage, Wise (1998)



Parity-conserving S-wave couplings

- Large-N; + EFT(#) requires suitable renormalization scale
- Agreement with large-N; predicted errors for u = m;

1.0

05

50 100 150 200



Parity violation in pionless EFT

- In ‘Girlanda basis’

mn — Gy (N1GN - NTIVN — NENNTY - 3N)
— GiejxNaiNV;(NT o N)
~ Gaejix [NTT3U,NV,-(NTJKN) + Nfo;NV, (N304 N)
— G5TapejiN' 720NV j(NT 704 N)
+ GeeapsV(NT72N) - NTrpaN

- 5 independent contact terms at LO

Girlanda (2008)



Fierz identities and large-N, scaling

- Minimal form of Lagrangian derived using Fierz identities
Fierz identities

- Relate different (iso-)spin and momentum structures

- Do not change EFT power counting

- Change large-N; counting

Identify large-N, scaling from non-minimal form of £
Example:

APy - (51— 52)
A3 Py - (51 — G2)Ty - T2
.A3_ ,5_ . I(51 X 52)?1 -Fg

After Fierz transformation contribute to

—

—G1Py - (61 — G2) — iG1Pp— - (d1 X 52)



Large-N; scaling of partial-wave LECs

cCS="P) N,

("So—°Po)
C(AIO=0)O ~ Ne

C((ff;;;%) ~ N sin® 0y

Cla ) ~ N2sin? By

cCsi=P1) NOsin? 6y,

C(3S1_1P1) _ BC(AS/O_O;DO [1+O(1 /NZ)]

PV LECs
- Renormalization-scale dependent
- Scale dependence driven by S-wave interactions
- “Wrong” choice of scale can hide large-N; scaling



Application to measurements

Longitudinal asymmetry in pp scattering
- Experimental result

APP(E = 13.6 MeV) = (~0.93+0.21) x 1077
- Constraint on LECs in large-N; limit

(13 _3p ) (13 _3p, ) (18 _3p )
(—1.5+0.3) x 100 MeV~" — 4 [Claro®) + iy + Cly]

c('So)

4 [0(381,1P1)/3 + C((1AS/0:_23)PO)]
C

%

Eversheim et al (1991); Phillips, MRS, Springer (2009)



- Induced circular polarization in np — d¥y

P,=(1.8+1.8)x107"

16MN 1 < 33 _1F> 5 18
- — cCSi="P)(1 _ =, 5'S
C k(1 —~a) ( 9 )

2 1S (18 _3p )
—§’Y OC(AIO:Z) ’ >

- In large-N, limit c((ff:—;fw  cCSi—Py)

- If C((E":_;f") < ¢(81="P) predict P, outside of current bound

- sin §yy suppression for Al = 2 coupling not significant?

Knyaz'kov et al (1983/84); Vanasse, MRS, Springer (2016)



Conclusion & Outlook

Large-N; analysis
- Effects of embedding PV quark interactions in hadrons
- Establishes hierarchy of couplings
- Important constraints in absence of experimental data
- Gives trends, not exact predictions

Parity violation
- Two LECs at LO in combined EFT/large-N, expansion
[sin® Oy for Al = 2]
- Relation between two isoscalar LECs
- Isovector coupling suppressed by sin? 6y /Ng
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1/N; expansion of PV potential

Next-to-next-to-leading order [O(N; )]
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