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Parity doubling of QCD helps to: 1) control uncertainties
2) allows experimental assessment
= study parity doublers (ratios)
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Bs—®$y (b—s) is only a template also hold B—VIl at large recoil

Anomalies in B-physics are much discussed ..
Concerning right-handed currents (RHC): interesting LHCb-result

on time-dependent CP-asymmetry

Hes—ay = -0.98(50)(20)
Hes—dy = 0.047(25)
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2. |f matrix elements are sufficiently well-known

(V~|Hy|B) can we predict Lorg . T€Re
<VV HV B =149 d with good accuracy?
VILT A
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How to test hierarchy: need linear effect in €g Fﬂ\/rl{RIZ

Bs—dy (b—s) as a template disentangle?

RHC \C{)CD

!A Re'PR Long-Dist

Effect linear in mixing: B. > OvL(Yr) B,

AT AT

B(Bs[Bs] = ¢y) = Bge '<![ch( t) — Hsh(
T+ Ccos(Amgt) £1Ssin(Amyt))

)

... In t-odd quantities
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LD matrix element

SD-form tactor CKM-factor “troublemaker”

ArHc new physics

Indirect argument: ASkx|Lp = 6% (or more) Grinstein, Grossman, Ligeti Pirjol ‘04

INnclusive-case
Our computations: ASkxy

D= 0.0% Ball, RZ’06 - Gratrex, RZ to appear
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This raises Questions:

Q1: Can LD-computation be assessed experimentally?

Q2: Can we understand smallness of LD-computation?

With parity doubling:

A1: Usually only by resonance structure etc
Here: V-A transmutes into R-amplitude by QCD
= Quantum-number change (parity sensitive!)

AZ: Think so but Iintricate ...
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QCD parity-invariant = states definite parity
& global symmetries = degeneracies (e.g. isospin,supersymmetry)

or chiral symmetry restoration limit: mq, <qg>,... =# 0
the flavour-symmetry SU(Ns)v* SU(Ns)ax“U(1)a” is restored

arit dou blin Practice %T‘i,tb:‘j Lattice:
P y g , SU(Nf)A = mp = Mat 1) high=T or
(straightforward version)

2) subtract lowesk Dirac
elgenmodes

(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) -
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Parity Doubling > (+L,+R)— (-L,+R)
B — pvy B — a1y

H%?U + CL’)/5)Pb — WCL T U75

!
1551 = —SWnq /

Pu = Gt Vg (a1), = qt*
L(R) < (U,CL) — (1, ::1)




Parity Doubling > (+L,+R)— (-L,+R)
B — pvy B — a1y

/HE]?U + CL’)/5)P[) — Yq/(a + U75

!
5@ — g, /

JB. Pu = qta’%q al)u qt W,u75q
L(R) < (U,CL) — (1, ::1)

Ergo (up to irrelevant phase) _— crucial sign

AB=r1(C,C") = AP (-0, C)



2n amplitude breakdown

as a consequence of HV+A|, = £HV*A|51 relative sign between
the V-A and V+A structure between doublers!
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Going back to example of B}y
&2 beyond symmetry limit (QCD)
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(12 -
Holpipy = 2(% (O + Ar cos(9an)) — Relegyy,.p))
(‘:},,
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% e
2 9
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1 1 R
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ASk~|Lp = 6% (skeptic) SH.
ASk+/|Lo = 0.6% (computation) Mty besy
ASk+y|Lo = 0.0x% (parity doubling) ‘almost’ O(magnitude)
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Thanks for your attention!






Quick summary: experiment & theory numbers

Experiment: Theory:
Skry and Spy good @ B-factories SKrry = —%Z sin(283) + LD = —2.3(16)%
Sg-k+y = -0.16(22) S, =4 L 1D =0.2(16)%
Se-py = -0.83(65)(18) o
Hy, = 2 + LD = 4.7(25)%
mpy
Hgey feasible @ LHCD
Co SAQM& ?(

Hes—»¢y = -0.98(50)(20) nqﬁ.leé%ar

€55

Bellel1@50ab™ " : ASks+y = 3% ,AS 0, = 6%

30 what's the trouble (hesides statistics)?



2. Parity Doubling™ - Global Symmetries

QCD is parity symmetric - (parity not spontaneously broken Vafa, Witten'g4 )

Parity discrete symmetry: Zowith irreps 1 and 1°
particles parity-eigenstates - either singlet or doublet of parity

* Parity Doubling: 50 years history Afonin’07 motivated by Regge theory, bootstrap models, ..



2. Parity Doubling™ - Global Symmetries

QCD is parity symmetric - (parity not spontaneously broken Vafa, Witten's4 )

Parity discrete symmetry: Zowith irreps 1 and 1°
particles parity-eigenstates - either singlet or doublet of parity

Reality-check: Anisovich 04

M2, GeV? M2, GeV?

Doubling pattern
put Not exact.
Need a little help
from ......

1960

3 eAT00 — 3r

* Parity Doubling: 50 years history Afonin’07 motivated by Regge theory, bootstrap models, ..
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|

(1. 1n) V(1,170
el 0,1+

kY5
(3 2)a b (1,177)

/ T X5 TA
U(1)a
(%‘f—))b P'L('l._]__)
JH,ATA

(1,0) & (0, 1) (1, 1)

A:,-!{. T.':l

SU(2)
e >

<+

SU(2) 4

.

w1{0,177)
Yk
P | S
o o 4—p|et\
UiLa 8-plet?
e /
= 4-plet



Intermezzo: test of Symmetry on the Lattice

T@Sted on |attice: T>T)( Rohrhofer, Aoki, Cossu, Fukaya, Glozman, Hashimoto, Lang. Prelovsek’17
truncate low Dirac eigenmodes oenissenye, Glozman Lang 1415



Intermezzo: test of Symmetry on the Lattice

Tested on lattice: T>T)( Rohrhofer, Aoki, Cossu, Fukaya, Glozman, Hashimoto, Lang. Prelovsek’17
truncate low Dirac eigenmodes oenissenye, Glozman Lang 1415

1 St U(1 )A restores T>T)( (8'p|et) Cossu, Aoki, Fukaya, Hashimoto, Kaneko, Matsufuru, J.-I. Noaki, 1<



Intermezzo: test of Symmetry on the Lattice

T@Sted on |attice: T>T)( Rohrhofer, Aoki, Cossu, Fukaya, Glozman, Hashimoto, Lang. Prelovsek’17
truncate low Dirac eigenmodes oenissenye, Glozman Lang 1415

1 St U(1 )A reS’[OI’eS T>TX (8_p|et) Cossu, Aoki, Fukaya, Hashimoto, Kaneko, Matsufuru, J.-I. Noaki, 13

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



Intermezzo: test of Symmetry on the Lattice

Tested on lattice: T>T)( Rohrhofer, Aoki, Cossu, Fukaya, Glozman, Hashimoto, Lang. Prelovsek’17
truncate low Dirac eigenmodes oenissenye, Glozman Lang 1415

1 St U(1 )A restores T>T)( (8'p|et) Cossu, Aoki, Fukaya, Hashimoto, Kaneko, Matsufuru, J.-I. Noaki, 1<

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

1.2 - ™ T "7 " T " T " T T4 2.0 LI L L N IO B B B e = T
_ . f
i - " i
111 U(1)A T__ L SU(Z)cg SU(4) ~ ",_
—~ -~ J— T 1 . B . 7
T L T 1, 15 VLT -
E | 1.0Ho+3{-§:-&% I—-j—;-&o—&ee—é e & B \-\ //
%|== ' 1.5 F b RAE
Slo [ ! joo | F- T *‘ ]
N :‘,\ B \.n. ] ";'\1, :Ts. ;;’I ' -
E |09 vwv20Mey L | T 1 £ [ Tl z ;Aﬁ
2|~ -\ R - = e . ]
(&) d - 260MeV \ i O> U" 1.0 —o- "\@M $m_m,ﬁ_§-1
B 320MeV - - B . 1
0.8 oo 380MeV 1 F | = B
L --- free \‘3"* . - TSN esenenanae =
0.7 [T T T T . 0.5 [ T TR AT (TN (T R NN .
2 4 6 8 10 12 14 16 0 2 4 € 8 10 12 14 16
n, n,

U(1)arestoration SU(2)cniral spin @mergence!



More concretely.....  SU(2)yx SU(2)axU(1)a

U)o = SU(4) >15-plet

SU(2)4 +— ISV('_-’)('-*'I SU(Z)V SU(4)

0,00 foa) w(0,177) y )
VU = — P = HR |
TeTs Yk d d] '
\(lR )
(%’%]t biL(lw 1+—) -~ wl((), 1_-)
T "."STA T e\
(3, 1) Ypt(1,177) «— h{(0,117)

(1,002 “pI(1,177) e—> 0;(0,177)

(0,1) i o ¥ i

) ’



i tely..... SU(2)vx SU(2)ax U(1
ore concretely (2 SU@A UM SU(4) >15-plet

SU(2)cs
S ][ {5Ves ) SURy  SU4)
/[- \ I\ -+ y I \ (.”l-\
(0. 0) 0.1 Wi 1= )
Y | ’ | A —  w= |
TS Yk d (;], |
\(IR )
(%, %] : biL 5 1+—:] P — CA/"L(O: 1—_) Glozman, Pak’15 ....
5% bk T e\
SU(2)cs generated by
(1,1), Vpi(1,177) «—> hi(0,17) -y YY) k=14
o e CS = chiral spin

SU(2)cs intact if one neglects
(100 Yol ) deees. 5 (0 15F) oL |
e , | g7y - Dq simplified picture of
(DL el oS i confinement?



Weinberg Sum Rules - parity splitting controlled by condensates

combining dispersion relations and group theory vcinvergsr

\
f()oo ds pv(s)—pa(s)

—n2_4
Hab N s—q=<—10
LR —~ TCL )\’L = ,LLTb )\’L
(@Y qr,qv dr)
6 I
q
pA(s)=F5(s —m2)+ F2 (s —m2 )+ ... pv(s) = Fgﬁ(_g - m‘f):) + ...
c0\e%
((\8‘ a(\ﬁs

b 2 o, S 1y L 9 @b s 9
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Weinberg Sum Rules - parity splitting controlled by condensates

combining dispersion relations and group theory vcinvergsr

\
f()oo dgPv(s)—pals)

Ha’b s—q2—10
LR ™~ —~ TCL )\’L = ,LLTb )\’L
(TVu qLay 4r)
6 |
q
pA(s) = F25(s — m2) + Fi()’(:s — m.il) + ... pv(s8) = F};)()(Q - mf)) + ...
6‘55\65;
‘ . ' L - . _— 1\ a(\ﬁ
WEua®) =i [ dlze®™ (@It (@) I8 (@) = (@ua — g ERG) o

Assuming perturbation theory to dominate above as-meson:

2-Weinberg sum rules: F?—F2-F? =0,
2 12 2 2
mpr —m, by =0,

3rd sum rule: mﬁFp2 — milFfl = (cag+...) <67--C]LC]--C]RZ .




