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Motivation

m Interpolating field O for particle p
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Outline

Chiral Perturbation Theory for heavy mesons
B meson 2-point function

BB*m coupling constant g,

B — 7 form factors

B® — B° mixing
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Chiral Symmetry
@00

Chiral Symmetry

Massless QCD Lagrangian:
Lterm = Z GrPqr = Z (Gr,.Pqr.L + Gr,rDar R)
f

f

Global symmetry SU(Nf), x SU(Nf)g

Define Qy = Qr+ QL and Qa = Qr — Q¢

No parity doubling observed — spontaneous symmetry breaking
with order parameter (0|gq|0) = (0|GLgr + GrqL|0) # 0

SU(Nf)L X SU(Nf)R — SU(Nf)V
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Chiral Symmetry
oeo

Chiral Symmetry

m N2 — 1 massless Goldstone bosons, SU(3): 7, K, 7

(0] A2|xP) = 6%ifr py ™

m Soft explicit symmetry breaking by small quark masses — massive
pseudo-Goldstone bosons
m Low energy effective theory with chiral symmetry

m Chiral Ward identities; can be derived by demanding local chiral
symmetry, external fields

WQCD[au, vy, s, p] = (0,0ut|0, in) = WChPT[a#, Vy, S, Pl

AusVu,S,P

m QCD mass term: s = M,
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Chiral Symmetry
ooe

Chiral Perturbation Theory

Low Energy Effective Theory for QCD with light quarks
m Chiral symmetry SU(Nf), x SU(NF)r
m Infinite number of interactions between Pions, Kaons and Eta
m Expansion parameters: p and mq

m CCWZ construction: nonlinear realisation of symmetry

Y=er"T 5 LR

Valid in regime < A, = 4nf ~ 1 GeV

LO (p?) Lagrangian

2 o Bf? :
£= 5T [0,59,51] - Z-Tr [EMg + M,X]

Baryon Chiral Perturbation Theory
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Heavy Meson ChPT
@00

Heavy Mesons

Mesons with light valence quarks = Chiral Perturbation Theory
m What about heavy mesons (D, B)?

m Bound states of heavy and light quark Qg
mmpy > A,

m Lattice simulations with b quarks? = Heavy Quark Effective Theory
m Expansion in 1/m,
m Eliminates antiquarks
= Heavy quark spin symmetry (HQSS) (£ = @DsQ)

m Heavy Meson Chiral Perturbation Theory
m Expansion in 1/mg
m Heavy quark spin symmetry and chiral symmetry
m Removes on-shell momentum mgv, and antiparticles

= Bound states: (B—, B° BY) & (B*~, B*?, BX?)
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Heavy Meson ChPT
oeo

HM ChPT Lagrangian

m Operators P, P} destroy B mesons
m Form a doublet under HQS transformations

1+ V4 1. ok . *
Ha = 2 [IPa”uleL + 1’75Pa] ) P4 =0
m Transformation under chiral symmetry (— coupling to NGBs) and

HQS
T =€8,€ > LEUT(x) = Ux)ERT
H= SHUY, 6 = (60,6~ €0,6T) > Ug,U!
m LO (p) Lagrangian (Euclidean Space)
L = —Tr[HaDabaHs] — ig Tr[HaHp¥57,:Epas]
= 2(P;TDyP;; + PTD4P) + 2igP;a”T7rPT + o
(BIAK|B™) ~ gr =g+ ..., AP = gyisq’
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Heavy Meson ChPT
ooe

Interpolating Fields

[
m Form dictated by symmetries and quantum numbers

Interpolating fields B and B; < gvsQ and g, Q

Heavy Quark Spin Symmetry relates coefficients of B and E;ﬁ!
0 a= ? = fB\/mB

_ 1 '
B=aP (1 - f27r2> + I’%P,fakﬂ + %P&mﬂr +0(p?, 73, mgh)

_ 1 i3
B;: = OLP;: (1 — f271'2> — l‘f_l (é‘k/mP,T.,a/ﬂ' + Pakﬁ)
B2

+ 5 Pidam + O(p?, 7%, )

m A, 5,- for smeared fields
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B Meson 2-point function
[ JeJelele]

Excited States of 2-Point Function

Go(t) = / @x (B(.%)B'(0.0)) ~ (0[BIB) -+ £(B)|(01B18"m) P+

13 P

Parametrisation of 2-point function

B Br B CEm(t)
G(t) = GO+ GO+ = GO {1+ Ly +
2
= G ()1 +0G(1)
-B ’ E-B Leading order: C2 = %

Bs(x) = 250)(3)
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B Meson 2-point function
(o] lele]e]

Excited States of 2-Point Function

m Excited states

3 P> By —tE, ;
= 7E = t TP
140 = L pE D E2, (64 35s) ¢
m Effective mass and decay constant
merr(t) = mp—0; log(Ca(t)),  F(t) = 2Gy(r)emer(t)t
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B Meson 2-point function
[e]e] Tele]

Numerical Evaluation

Parameters at physical point: m, = 140MeV, f =93MeV, g =0.5

Value for Bl/d not known, depends on smearing procedure

m Dimensional analysis

t
= C(/)\ns ) const = O(]‘) = -1 < const < L
X

QZ\,_.Q‘

m ChPT works only for small energies — high energy pions must be
suppressed in excited states — t 2> 1.3fm

m Infinite volume limit
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B Meson 2-point function
[e]ele] o]

030
025
0.20

3 045F
o, -
< :
o010}
0.05
000t

08

Alexander Broll cited States in B Meson Correlation Functiol



B Meson 2-point function

[e]e]ee] }

How to determine (3;
(X, ) + ...

m Light axial current A
(55(au,vl“p, )

Au(X,t) =
w(%:1) 3a,(%. 1)
m Consider the 3-point function with t4 >t > 0
/d3 Py % { Au(ta, 2)B(2. 2B, (0.0))
)

ap,vu,p=0,s=Mq

Gs(t, ta, g

(s (o) st

&gk
8E; 5
N /’ \\>< ’

—>—a X
m Eliminate prefactors by taking ratio with A, and B 2-point functions
m Compute ratio for several G's and fit to the analytic result
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BB* 7 Coupling
000

Computation of g,

L= Lckin ¢ 2igP;ja"T7TPT + ...

(BIAKIB") ~gn =g+ ...,  AZP =Gwsq

m 3-point function

Cit.ta) = [ @R ¢7 (BE A )5} (0,0))
13
m Light axial current

d5(ay, v, p, 5)

A0 = o)

~gPiPT+ ..

au,Vu,p=0,5=M,
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BB* 7 Coupling
oeo

® Summed ratio

m Excited states

— 1 P 51 0 B
e () = 2 SARE O £, 2 (s (5 45) &)

m v: linear combination of NLO LECs of A,
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BB* 7 Coupling
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B — m Form Factors
®000000

Semileptonic Decay
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B — m Form Factors
O@00000

Form Factors

m Definition in QCD:
(m(Pr)I Vi B(ps))
= ((ps + Pr)u — quQBq_zmr) fr(q?) + qun%qzm’%(f)
q=ps—Pr

m For my =0:

dr(B — wlig)  G2|Vu|®

3

}2

m In Heavy Quark Effective Theory

(2mg) % (x(p)|Vo|B(0)) = hy(Ex)
(2mg) ™ (m(p)|Vi|B(0)) = pihy (Ex)

(NI
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B — m Form Factors
[e]e] lele]e]e)

Correlators

m 3-point function with momentum of final state pion p

Cou(t,tv, B) = / @ 2 7D (N(R, 1)V, (2, £,)B7(0,0) )
13

m Sample Diagrams (only (7|V,|B*m) excited states)

0 t, RN
AN X Ay X AS>—e—3>—A X
m Results

o= (1 _ ﬂﬁmﬁ) R <1 B /315#,,;>
” \/if a ) \/ifEﬂ.’ﬁ Oég

1 - 7 > _
Ohy =73 ZAl(p, T, By, B, Bo)e " Ex

1 + 61E7r 5/(ag) et

Shi —
R - v

Eyp+7ZA2 p,/ﬂlaﬁl’ ) i
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B — m Form Factors
[e]e]e] le]ele)

(5h|| as Function of Time
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B — m Form Factors
0000e00

0h, as Function of Time

t,/[fm]

0.8
0.0 —

-0.2
3 -04[
=
o
N
9 -
S 06 -7
= 7’
- 7
§ e

7’
-08 e
7’
7’
4
-1.0

1 + 3 E7'r 5/ (& R 1 47 ~ _ o
5hl = — ﬁl ’p/(ag) eitVE”'P + — ZAZ(pa I, ﬂla ﬂla 7)6 tVEW’I
T

= BriErp/(cg) E

Alexander Broll Excited States in B Meson Correlation Functions



B — m Form Factors
0000080

0h, as Function of Pion Momentum

p/[MeV]
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B — m Form Factors
000000e

How to determine (3,7

m Consider the 3-point function with t > t4 > 0

G, 0a.9) = [ dxcy 6 (Alle. DAY (20, DB (0.0))
L3
ef(iﬁ'*l’,q)E.ﬂ.,;7

= const X Tﬁ (1 — ﬂCjEﬂ—@‘> + ) (eitAE‘")

m Form ratio with 2-point functions and compute it for various G's
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B — B Mixing
[ Jeleleleleele)

B® — B® Mixing

u,c,t
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B — B Mixing
[e] Ieleleleele)

B® — B® Mixing

Hamiltonian for time-evolution
H H
H— 11 12
Hy1  Hap

Hamiltonian is not diagonal = non-degenerate mass-eigenstates
possible

Mass Eigenstates
1B.) = G |B%) + G| B°)
|Bu) = G |B%) — ;| BY)
Time-dependent B® — B® mixing probability

M+
_Tt

e r[_ - I'H
— {cosh (2 t) - cos(Amt)}

p(t) ~
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B — B Mixing
[e]e] lelele]ele)

Effective Theory

0= [57"(1 - 75)d] [5%(1 - ’Vs)d]

(B°[0]B°) = S fm s,

GEm?msmgB m? y
Amr — Wn6B7T2B Bd S (m ] ) ( td th)2
w
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B — B Mixing
[e]e]e] lelelele)

Mixing Operators in HQET

m O matched to two operators in HQET:

Or = [Q"u(1 — 5)d] [Qy,u(1 = 75)d]
Os = [QT(l - 75) } [@(1 - 75) ]

m Matching:
O(my) = ~2((1+ O(e=))Ou(ms) + O(cx:)Os(m))
m Transformation under chiral symmetry (flavour index a)
Oij2a = LacLapOi e

m O, invariant under heavy quark spin transformations — restricts
number of LECs of HMChPT operator, e.g.

O = p(BB' - B;B;")
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B — B Mixing
[e]e]e]e] lelele)

Mixing Operators in HMChPT

O;: one LO and one NLO LEC
Os: two LO and two NLO LECs

Summed Correlator, ratio with 2-point function

Gi(t, t1) = /d37d3}7 <B(ta z)oi(tlay)BT(076)>

R — 2%/&1 C3C§(tt)“) — (B°|0;|B%) (1 + SRi(1))

m Result for O;:

3 B2 s PiErp wiBes\ e -
(5R t) = 2 2 L) tEr 5
=2 2(fLY?(Er L) EZ (g teL ot €

P
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B — B Mixing
[e]e]e]e]e] lele)
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B — B Mixing
000000e0

Mixing Operators in HMChPT I

m Two LECs at LO, parametrise <B°|(95|BO> and <B*0|(95|B*°>
m No cancellation of §Cy(t)

3 p? e, 5 [ 27 BlflEﬂﬁ dA)Ewp
() — — , ,
ORs(1) ;S(fL)2(E,T,,;L) £ ( ¢ &8 TE

18
N———

B Ui m
5 g 2
- ("2 + 1> (1 tEq ) <g 1 Dirs f’ﬁ> e s
m Q
L 3mtn
=7

Alexander Broll Excited States in B Meson Correlation Functions



B — B Mixing
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Plot of 6Og
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Conclusions

Conclusions

m Excited states can severely affect lattice calculations
m Chiral Perturbation Theory is an analytic tool to estimate them

m We have derived
m Interpolating Fields for B*) and B™*) mesons
m Axial Current
m Operator for B’ — B® mixing

and computed the excited states contamination for

m f and Mefr
g
m Vector Form Factors h and h
m B° — B® mixing amplitudes

m Strategies to determine LECs of interpolating fields
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