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Parity doubling of QCD helps to: 1) control uncertainties !
2) allows experimental assessment
<z study parity doublers (ratios)
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Anomalies in B-physics are much discussed .. !
Concerning right-handed currents ( RHC): interesting LHCb-result!
on time-dependent CP-asymmetry

Hess 4 = -0.98(50)(20)
Hess 4 = 0.047(25)
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1.The case when there are two helicity amplitudes !
ok photon (for B" VIl at low g2), light-cone regime K m/
(w,c,b)

Hefmeb(mS)gL(R)! - Fb+ ... VI

L7
br" SLyL » b." Sryr
2. If matrix elements are sufpciently wellknown
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Bs"# vy (b" s) as atemplate disentangle?

\C?CD

+ JAge"” R i+ Long-Dist

— A(gs — ¢7R) _ s

6 — —
" A(gs — ¢7L) mg
Effect linear in mixing: B, - 1" ("R) - Bs
mb(ms) mS(mb)
_ AT AT
B(Bs[Bs] = ¢y) = Bge '<![ch( t) — Hsh( t)

F+ Ccos(Amgt) =S sin(Amyt))

E in t-odd quantities



Theoretical Status/activity in RHC-searches

New phySiCS aspects $ RHC Matias, Lunghi, Hiller, Becirevic, Kou E !
More COmplicated modes Becirevic, Taganouev , Kou, Gershon



Theoretical Status/activity in RHC-searches

New phySiCS aspects $ RHC Matias, Lunghi, Hiller, Becirevic, Kou E !
More COmplicated modes Becirevic, Taganouev , Kou, Gershon

1st Breakdown : NB. 00s because of FF-relation T1(0) = T»(0)

e

- = =/

1BV
‘AX ASD,X ALD,X ASD,X

S
1 )\‘tEV,L 0

0 Nebp | Dds 4 Apei®ar

LD matrix element!

Qroublemaker O $ric new physics

SD-form factor CKM-factor



Theoretical Status/activity in RHC-searches

New phySiCS aspects $ RHC Matias, Lunghi, Hiller, Becirevic, Kou E !
More COmplicated modes Becirevic, Taganouev , Kou, Gershon

1st Breakdown : NB. 00s because of FF-relation T1(0) = T»(0)

e

- = =/

1BV
‘AX ASD,X ALD,X ASD,X

S
1 )\‘tEV,L 0

0 Nebp | Dds 4 Apei®ar

LD matrix element!

SD-form factor CKM-factor Aroublemaker O

$ rHc New physics

Indirect argument: IS k+|.p = 6% (0or more)! Grinstein, Grossman, Ligeti,Pirjol O04
Inclusive-case

Our Computati()n3: 1S K*ylLD = 0.6% Ball, RZO06 - Gratrex, RZ to appea



This raises Questions:

Q1: Can LD-computation be assessed experimentally?

Q2: Can we understand smallness of LD-computation?



This raises Questions:

Q1: Can LD-computation be assessed experimentally?

Q2: Can we understand smallness of LD-computation?

With parity doubling:

Al: Usually only by resonance structure etc !
Here: V-A transmutes into R-amplitude by QCD!
<z Quantum-number change (parity sensitive!)

A2: Think so but intricate E
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Use of Parity-doubling : p-meson (JP¢= 1—) and aj-meson (JP¢= 1++)

QCD parity-invariant <zstates debPnite parity!
& global symmetries <zdegeneracies (e.g. iIsospin,supersymmetry)

or chiral symmetry restoration limit : mgq, <qq>E " 0!
the Ravour-symmetry SU(Ni)v* SU(Nf)axU(1)aOis restored

arit dOUinn & Practice tr@ky |lattice:
barry J = SU(Ni)a = Mo = Mas brighTor
(straightforward version) ) sublract lowest Dirac
eigenmodes
(history)

We advocate to study Parity Doubling beyond mass
e.g. for form factors & long-distance effects
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Consider: 3-pt function in Path-integral representation !
(physical matrix element via LSZ-formalism) —~l_-—
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Parity Doubling ! (+L,+R)— (-L,+R)
B! I" B — a1y

HW\;]?”U +ays)I'b — —q(a~+vys)l

!
71559 = —5 W

pu = qt*v,0 = gt*! ! 50
L(R) ! (v,a):(l,_ 1)



Parity Doubling ! (+L,+R)— (-L,+R)
B! I" B — a1y

HE/Q?U +Hays)I'b — —q(a+vrys)I'b

J5 P = qt*y,0 I (a1)y = g1 4! 50
L(R)! (v,@)=(1,%1)

Ergo (up to irrelevant phase) | - crucial sign
HviasHyia ! —Hyv_a,+Hvia

AT (c,c)= A (1 c,C



2n amplitude breakdown

as a consequence of HV¥A|l. <ztHV#A|5; relative sign between!
the V-A and V+A structure between doublers!
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Going back to example of Bz >y
&2 beyond symmetry limit (QCD)
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Hence we can either: E measure LD-charm (doubler-sum) R
S
3

2
. . . . © R
Hg + Hp oy ~ —2Re[€f p + €7, gl = —2Re[ef gl(L+ R}, 5) 5%
> 3

E RHC ! rwith reduced LD-charm (doubler difference)

1 1 , .
AR cos(Pa,) = Z(Hm — Hy ) + §Re[e;,R — €7 Rl — M
work on prediction Relc ]
controlled by | ; B 6_634,3 _
y-meson DA ! AV = Rard | =1+ 0(my, (qq)) = 1.3(1)
€V.R

work in progress
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1) sum of LD-contribution (accidentally clean form factor relation) !
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3) combination of 1) & 2) data-driven/theory program !
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e.g. compute doubler-rat Ra,v  to 20%, allows to extract !
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IS k+|Lp = 6% (skeptic) !
IS k+|Lp = 0.6% (computation) !
IS k+y|Lp = 0.0x% (parity doubling) OalmostO O(magnitude)

Sihy.
/\/L/// les,
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using parity doubling will continue to hold for B—=2VIl &
(powerful low g2 (large recoll) where nearly null-test)

Measuring just one parity doubler provides invaluable info on !
LD-contamination. (Deserves more attention from experiment)!
Also useful to cross-check predictions going into PGs.

Should be useful elsewhere e.g. D-physics (K-physics less obvious)

Thanks for your attention!






Quick summary: experiment & theory numbers

Experiment: Theory: &
! S
Sk+ and S+, good @ B-factories! Skry = —%Z sin(28) + LD = —2.3(16)%
!
Sg" kry = -0.16(22) S = 29 4 1D=0 .2(16)%
Sg' », =-0.83(65)(18)! M
Hy, = —2 + LD = 4.7(25)%

my
Hx, feasible @ LHCDb'!

! Sh

Hesw , = -0.98(50)(20) 1! Ml

Bellell@5G@b 1 : ! Sk =3% ,! S0y =6%

30 what's the trouble (hesides statistics)?
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2. Parity Doubling™ - Global Symmetries

QCD Is parity symmetric - (parity not spontaneously broken Vafa, Witten©8)

Parity discrete symmetry: Z, with irreps 1 and 10 &
particles parity-eigenstates - either singlet or doublet of parity

Reality-check: Anisovichdos

M2, GeV? M2, GeV?

Doubling pattern!
but not exact. !
Need a little help!
from EE

1960

3 eAT00 — 3r

* Parity Doubling: 50 years history AfoninO07motivated by Regge theory, bootstrap models, ..



Need continuous Global Symmetries to see Parity Doubling

Global symmetries degeneracies: e.g. isospin SU(N v, supersymmetry



Need continuous Global Symmetries to see Parity Doubling

Global symmetries degeneracies: e.g. isospin SU(N v, supersymmetry

Chiral symmetry restoration  limit: mq, <qgq>E " O

SU(N)v" SU(Ni)v* SU(Nf)ax U(1)aOrestoration of Bavour-symmetry&
= Left and right I1sospin guantum numbers




Need continuous Global Symmetries to see Parity Doubling

G

Chiral symmetry restoration
SU(N)v" SU(Ni)v* SU(Nf)ax U(1)aOrestoration of Bavour-symmetry&

limit: mq, <qq>,E "

obal symmetries degeneracies: e.g. isospin SU(N f)v , supersymmetry

0!

= Left and right I1sospin guantum numbers

|
(I, 1e) VL 27
(0,0) f{l (0,1+4)
kY5
(3 2)a ek bas]
/ T X5 TA
U(1)a
(530 ot(1,1-7)
UH.A.:[‘A
(1,0) b (0, 1) (1, 1--)
A:,-!{. T.':l

SU(2)
e >

<+

SU(2) 4

.

w1{0,177)
Yk
Bhe L S

( 4-plet\
T\ .

> Uila 8-plet?

e L0 e /
= 4-plet
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Intermezzo: test of Symmetry on the Lattice

Tested on lattice: T>T)( Rohrhofer, Aoki, Cossu, Fukaya, Glozman, Hashimoto, Lang. PrelovsekO17
truncate low Dirac eigenmodes oenissenya, Glozman,Lang 01415

1st U(1)arestores T>T, (8-plet) |

2nd Even higher (emergent) symmetry a 15-plet!

ler L L L L L B
b um, T3

KN A T ]
E c"1_0v-o--o-ri§:_-& ;-19-9—&9-6—@:
SIE | +¥ ﬁ ]
| i .‘.., 7
(2 0° ww220Mev ] |, -
SNty - © 260MeV \\ 7
- 320MeV Yl }

08} = o 380MeV 1 h N

L. --- free \'A -

PP I N O B B N

0 2 4 6 8 10 12 14 186

n,

U(1)a restoration

Cossu, Aoki, Fukaya, Hashimoto, Kaneko, Matsufuru, J.-I. Noaki,O!

2.0

0.5 ——
0

Ill]lllllll_v_l_'_'{
f
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suU(2).c SU(4) )

RIS pep———

SU(2)cniral spin €mergence!



More concretely.....  SU2)w SU(2)axU(1)a

SU(2)cs

SU(2)y «—

0,00 flo.11)

/

e
K=
-

, 5:’a biL (Ll ) s wl(ot =)

(2,2)s Ypt(1.177) «— h{(0,117)
s TrAY5
(Lo Ypl(11 ) — af(0,1 )

(0,1) i Tiye T4

) v

<z SU(4) o>15-plet

SU(2)v

-

SU(4)
(1)

w o | YR

P = 4|
\(lR )




More concretely.....

SU(2)y +—s (sr(z)(-g)

0,00 0.1
TeT5

(%’%]5 b-lL(lv 1+_) —>
Y

(%*%]b /)—(11—_] B R

A
O.I'\', A 'l

1,008 Ypl(L,177) —

(0,1) v T4

) ¢

SU(2v* SU(2)axU(1)a

SU()es <z SU(4) >15-plet

SU(2)v SU(4)

(1)
w I (U, 1 ) u )
' | = | we ||
= d dh.
\(lR )
OO B —_—) . .
ool L0 o ) Glozman, PakO15 E.
T\

SU(2)cs generated by !
hi(0.117) V=i Yy’ k=1...40

CS = chiral spin!

|

SU(2)cs Intact if one neglects'!
|

,‘ g abqg simpliped picture of !
it conbnement?



Weinberg Sum Rules - parity splitting controlled by condensates

combining dispersion relations and group theory  weinbergosy

\

Yoo 4ty ()= a(S)

—
[ ab 0 s—qg<—10
R H @ T a g T ) |
q6 I
pA(s) = F25(s — m2) + Fg'l&(_s — 77131) + . pv(s) = Fsﬁ(s — m%:) + ...
62e%
("\a a(\ks

b - F D . . ‘ S £y . 9 __ b, 9.
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Weinberg Sum Rules - parity splitting controlled by condensates

combining dispersion relations and group theory  weinbergosy

\

Yoo 4ty ()= a(S)

— 02 —j
[ ab 0 s—g-—10
R H @ T a g T ) |
q6 | | [ | |
pa(s) = F25(s —m2) + F28(s —m2) + ... pv(s) = FJ(s —m3) + ...
ma‘f’s\f
a,o - ¢ 20 . . : vg-x prp ja, L D \11, 6—(
(HL?{)N“(qz) =1 / d'ze I Ju'L(I}J:’/'K(I),’ = (quqr — qz.quu)llj_lb{(qz) : oM

Assuming perturbation theory to dominate above a 1-meson: |

2-Weinberg sum rules: FZ! F21 F2 =0,
mfF?! m; FZ =0,

3rd sum rule: myF2! my FZ =(cls+ )n_‘lﬂﬁff



