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Introduction

* Nucleon is composite particle which is made of 3 valence quarks.

* Nucleon-nucleon (NN) scattering is used to study the strong-nuclear
and electromagnetic forces between the nucleons.
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Introduction

* There are parity-violating (PV) NN interactions which manifest the presence of
weak interactions between the quarks inside each nucleon.

* The weak force is smaller than the strong force in order ~ 10”7.

 The analyzing power for the p+ p scattering experiments from

Bonn Ar(pp: 13.6 MeV) = (=0.93+£0.20+0.05) x 1077
PSI Ap(pp:45 MeV) = (=1.574+0.23) x 10"
TRIUMF A7 (pp: 221 MeV = (+0.84 £0.34) x 10°°

#

demonstrate that PV NN forces exist.



Introduction

* The most popular framework to study the PV NN force is
Desplanques, Donoghue, and Holstein (DDH) model which is based on

single meson exchange picture.
- 7 meson-nucleon coupling constants: range + isospin
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DDH potential
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Introduction

(Haxton and Holstein, 2013)

DDH DDH
Coupling | Reasonable Range | “Best” Value
hl 0— 114 +4.5
h) —30.8 =+ 114 —114
h, —0.4—0.1 —0.2
hf,, —11 —- —7.6 —9.5 CE
hy — 0 ~
ho ~10.3 = 5.7 ~1.9 ¥ N bestvalue
hl —1.9 — 0.76 —1.1 s

with unit of 107/

Coupling values are given by
SU(6),, quark model calculation

DDH range

h,-0.12h'-0.18 b



Introduction

This work is to show that Standard Model
coupling sin? B,,, and the 1/N_expansion of
QCD predict the operators, and the sizes of the
associated DDH coupling constants, which
appear in the PV NN potential.




SM effectwe Lagrangian for PV

G e , 2
EEf,f = \/g cos? O E (1’ )+A(?)) + \/g (CC]HQQH I’f(3) A‘E”g) 2 sin? Oy I'”’)
GF 2 7(i) AK BoAK 2 p
= 5 {0 9(;} j1 Al + cos 20y Vi) Aty — 2 sin Oy | A(g)}

u , _ i _ i ~
q = (d) Vi =20V, Al = 3a9t sV M = 09

Importantly, the factor sin? 6,, (= 1/5) is the suppression factor only
for Al = 1 operators.

I'?-}T ~ h-; ~ h}; ~ h.i, ~ sin® Oy
(MNP N) )
’ hy ~ hy ~ hoy ~ 1

P



Baryon in large-N_

vy

]‘ N. quarks

* bound state of N_ quarks completely anti-symmetric in color

* QCD can be expanded number of color in N_

* Ordering of effects in powers of 1/N_
* Hadrons in N_scaling M, ~ N Mipeon ~ N, (Witten, 1979)

(>

/] A VT2
f T ™ *"VC 9nrNN *"VC

» Systematic expanding baryon-matrix elements of QCD quark currents
in powers of 1/N_

* For baryons: dynamical spin-flavor symmetry in large N_limit
(Luty and March-Russell, 1994; Dashen, Jenkins and Manohar, 1995)



Effective operators in 1/Nc expansion

Building blocks

Ne Ta Ne *.i ’ Ne O.?_'. Ta
§ :_cx E : Oc G*a,a. _ E , o«

2 2 4
: : CE:1

< N|IIN >~ N?, < N|SIN>~N?, <N|GIN >~ N,

. . i Only valid for the N = N piece of the Hilbert space
Effective Hamiltonian

S S [ t G m
H — Nc Z Ustm (Fc) (E) (E)

s,t.m

(Carone et al.,1994; Luty and March-Russell, 1994; Phillips and Schat, 2013)



Operators N_ scaling and its transformations

O Order (@ Order S T
1 1 1 -T2 1/:\? 0 +
a1 - 09 1/:\? 01-09 T1*T9 1 0 -+
ot 1/N. ot T - To 1/N. 1 -
ob 1/N. o5 T - To 1/N. 1 -
[0'1 X (Tg)k 1/:\? (0'1 X (Tg)k T1 - T2 1 1 -+
oiod], 1/N? (giod], 1 - T 1 2+
T P Pi2 Order-N. PLr=p p
b — - 1/N
p-|+ - — 1 p+-p- =0
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PV potential in 1/N_ operator expansion

Uy = Ne (Ub(02) [p- - (01 X 02) 71 - 7]

+UR(P2) [p- - (01 x 02) [ m2]7] ).

0
Upi = N (UB(2) [Py - (0175 = 0275)] + Up(p2) [P - (01 +02) (11 x 72)°]

+Uj55(l)2_) [P— - (01 X 02) (11 +’?‘2)z} T U,%;(PQ_) “(P+ X P—)ip”i]g - [0} '7%]2 (11 % Tﬁ)z})

Ugc_l =Nt (Ug(pz_) [p_ - (01 x09)] + UL(p?) [P p— - (01 x 02) 71 - 2] + US(p?) [ps - (01 — 02)]

+Up(P2) [Py - (01 —02) 71 - 2] + U (p2) [P+ - (01 — 02) [ m3*] + Up'(p2) [pL p— - (01 x 02) [11 Tz]’;z])



Strong couplings N_scaling

Xv.s = my &vis/ Ay (Kaplan and Manohar, 1997)

1 ~y
L—s|

grs o~ N

VX, N

. 1

Joo = G ~ /N o1 = Gués ~ —=., &g~ —,
1 .

g10 = Gp Nk g11 — gpﬁv' ~ ‘\/i?\"'c: &f ~ Nc:

AT3/2 N\ O
genn ~ N2 Ay~ N,



Matching 1/N_PV and DDH

Genn hE ~ O(sin* Oy N,) . 9, hg ~ O(N?), 9p h; ~ O(sin® Oy N1,
Yp h"?o ~ O(N;), 9p &V h’g ~ O(N), 9p Sv h’}) ~ O(sin® 6w N.) .

g, &v hg ~ O(N,), G hY ~ O(N?), G hl ~ O(sin® Oy N,.)

GuéshY ~ O(NY). Gw g Wl ~ O(sin® Oy N?) | g, h.i_, ~ O(sin® Oy N1,
g hl, ~ O(sin® Oy N,) 9y hg ~ O(sin® Oy N?) .



PV couplings N_ scalings




The p+p scattering: the plane-wave Born approximation

The couplings in A, and Ay are
occurred in PWBA by including ISI and
FSI corrections (Carlson et al., 2002)

—400

—600 -

Asp = gl (24 xv) + g bl (2 + X5),

App = gl xv + guhllxs,

{hO,hy 12 he Bl ey {—1.0,—0.077,-1.0, -0.33, =0.23} x 107°

(Gur Gpr €5, Ev )y {12.,4.0,-0.33,3.0} | Grfaly ~ 1.0 x107°
G ~ 4w (Frunstahl, Serot and Tang, 1997)



Summary

* We apply the 1/N_ expansion of QCD to the PV NN potential
* We find 2 operators at O(N_), 4 operators at O(N_° sin? 6,,) and 6 at O(1/N )

* The PV observed in P+ P scattering data is compatible with natural values for
the strong and weak coupling constants

* The large-N_ hierarchy of other PV NN force mechanisms is close to estimates
of the couplings in DDH models for Delta | =0,2.

* Pion exchange in the PV NN force is suppressed by sin? 6,,,and 1/N_(= 1/15)

i.e. DDH best value = 4.5 X107 VS 1/N_= 0.77 X 10". This will be tested by
NPDGamma experiment.
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