
Predictions for B → Kγγ decays

Gudrun Hiller

CERN and Munich (ASC/LMU)

ETH Lausanne, February 7, 2005

• Introduction flavor changing neutral currents (FCNCs)

• Double radiative b-decays b → (s, d)γγ

• B → Kγγ decays ∗

• Summary

∗ based on works with Salim Safir, hep-ph/0411344, to appear in JHEP

TEX–powered by Dr Kabel Slide 1



FCNC b → s transitions

• probe flavor/CP aspects of the Standard Model (SM), CKM

• sensitivity to New Physics (NP)

• study hadronic physics (“QCD background”)

• rich experimental program: B-factories Belle, BaBar, b-physics at the

Tevatron, LHC

b su, c, t

W±

b su, c, t

H±

b sũ, c̃, t̃

χ±

b sd̃, s̃, b̃

g̃, χ0

≈ 0 in MFV

examples: B → K∗γ, B → Xsγ, B → Kµ+µ−, B → ΦK,...

to date agreement with SM, some 2 − 3σ hints, many couplings (CP

violation, chirality V + A, FCNC couplings to τ ‘s and ν‘s ...) untested
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Double radiative b → sγγ decays

mode # theory papers

Bd,s → γγ O(50)

B → Xsγγ O(20)

B → Kγγ 3+1

B → K∗γγ 1

b → sγγ quite neglected so far w.r.t. b → sγ

• αem suppression of the rate

• correlation with b → sγ (bremsstrahlung)

• hadronic physics more complicated, non-local matrix element

true, but...
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Double radiative b → sγγ decays

• branching ratios of O(10−8) accessible at current (future)

B−experiments; same order in αem as b → s``

• NP in 4-Fermi operators is LO in sγγ, subleading in b → sγ

=0

γ γ γ γ
vs.

• B → (Xs,K,K∗)γγ 3-body decay, design interesting (clean and

sensitive) observables such as AFB(B → K∗µ+µ−)

• interesting hadronic physics; non-perturbative functions related to

other decay modes: B → K(∗) form factors, λB
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Double radiative b → sγγ decays, Heff

Heff(b → sγ) = −4GF√
2

VtbV
∗
ts

∑

i Ci(µ)Oi(µ)

O1,2 ' (s̄γµLc)(c̄γµLb), em dipole operator O7 = e
16π2 mbs̄σ

µνRbFµν

penguins ∼ s̄Γb
∑

q q̄Γ′q, q = u, d, s, c, b

Heff(b → sγγ) = Heff(b → sγ) + O((mb/mW )4)

No gauge invariant dim 6 operator with 2 photons that cannot be related

to the Oi by equations of motion
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Double radiative b → sγγ decays, status

modes BSM 90 % C.L. bounds 2HDM RPV

Bd → γγ 3.1+6.4+1.0+1.0+1.3
−1.6−0.9−0.7−1.0 · 10

−8 1.7 · 10−6 BaBar – –

Bs → γγ 1.2+2.5+0.3+0.3+0.01
−0.6−0.3−0.2−0.02 · 10

−6 1.48 · 10−4 L3 2 16

B → Xsγγ (3.7 − 5.1) · 10−7 – 2-3 5

B → Kγγ (0.5 − 5.6) · 10−7 A,B – – –

B → K∗γγ few ·10−7 C – – –

A: Singer, Zhang ‘97 B: Choudhury et al ‘03 C: Choudhury et al ‘04

Note
∑

H=K,K∗ B(B → Hγγ) < B(B → Xsγγ)

B → γγ errors: λB, fB, µ, γ Bosch, Buchalla ‘02
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Model-independent estimate for exclusive decays

� � �b s b s

propagators of 1PR diagrams with O7:

(Qs
1)

2 = (ps+k2)
2 = m2

b−2mbE1 (Qb
1)

2 = − [(pb − k1)
2 − m2

b ] = 2mbE1

(Qs
2)

2 = (ps+k1)
2 = m2

b−2mbE2 (Qb
2)

2 = − [(pb − k2)
2 − m2

b ] = 2mbE2

choose photon energies E1,2 such that all Qs,b
1,2 large ∼ O(mb)

reference point: E1,2,K ∼ mb/3 “Mercedes Benz”, also q2 = m2
b/3 hard

integrate out O(mb) scales: match onto SCET Stewart etal, Beneke etal

s̄Γb →
∑

i ci(µ)χ̄Γihv

hv heavy, χ collinear quark with light-like n = pK/EK

(leading order) OPE in Q = {mb, EK , Qs,b
1,2,

√

q2}

Gudrun Hiller Predictions for B → Kγγ, ETH Lausanne, February 7, 2005 Slide 7



B → Kγγ matrix element

s̄W
µν
7 bε(k1)

µε(k2)
ν → −

1

2

{(

1

(Qs
1)

2
−

1

(Qb
1)

2

)

Q1 +

(

1

(Qs
2)

2
−

1

(Qb
2)

2

)

Q′
1

+
mbEK

(Qs
1)

2(Qb
2)

2
Q2 +

mbEK

(Qs
2)

2(Qb
1)

2
Q′

2

}

Q1 = mb

4
χ̄σµνσαβRhvF

αβ
1 F µν

2 Q2 = −2imbχ̄σµνRhvF
µν
1 F αβ

2 vαnβ

Q3 = χ̄γµLhvF
αβ
1 DαF̃2 βµ (1PI) Adler-Rosenberg tensor

1PR and 1PI same order in 1/Q ! (in B → γγ 1PR dominates)

〈K(n)|χ̄hv|B(v)〉 = 2EKζ(EK) 〈K(n)|χ̄γµhv|B(v)〉 = 2EKζ(EK)nµ

〈K(n)|χ̄σµνhv|B(v)〉 = −2iEKζ(EK) (vµnν − vνnµ)

only one form factor ζ = f+, known from B → K``
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B → Kγγ distribution

dΓ

dE2dE1
=

α2
emG2

F |VtbV
∗
ts|

2

256mBπ5
|ζ(EK)|2

{

m2
bQ

2
d|C7|

2 (mB − 2(E1 + E2))
2

E2
1E2

2

×

(

24E2
1E2

2 − 4mBE1E2(E1 + E2) + m2
B(E2

1 + E2
2)

)

+ 32mbQdQ
2
uRe(C7κ

∗
c)(C1NC +C2)mB(mB−E1−E2)(mB−2(E1 + E2))

+ 32Q4
u|κc|

2(C1NC + C2)
2m2

B(mB − E1 − E2)
2

}

• Kγγ vanishes for q2 ' −m2
B + 2mB(E1 + E2) → 0 like B → Kγ

• phase space integration is IR finite (as opposed to B → Xsγγ, which

needs cancellation with virtual em corrections)

• valid for fast K and Qs,b
1,2 and di-photon mass hard
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Contributions beyond the OPE

• photon radiation off the spectator

– soft gluons: kinematically forbidden ! ps ' −k1 and pq̄ ' −k2:

K cannot be formed if-as in OPE region-angle between γs is large

– energetic gluons: αs-suppressed; in SCET χ̄hvγ-coll. g operator

• weak annihilation in B± → K±γγ thru Ou
1,2 ' (s̄γµLu)(ūγµLb) CKM

suppressed ∼ VubV
∗
us/(VtbV

∗
ts) but leading power fBfK

mBΛQCDf+
∝ O(1)

AWA/AFF ∼ λ2C2/C7 ∼ O(10%); C7 = −0.3, C2 ' 1 at µ = mb

�

B K

b s

q̄

k1
γ

k2γ

g �

B K

b s

q̄ q̄γ

+
+

+
+

�
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Resonance contributions

B → K(cc̄) → Kγγbackground –similar to b → s(cc̄) → s`+`−

B(B → Kηc) × B(ηc → γγ) ' 4 · 10−7

B(B → Kχc0) × B(χc0 → γγ) ' 2 · 10−7

B(B → Kχc2) × B(χc2 → γγ) < 1 · 10−8

factorization forbidden modes into χc0,c2 sizable !

q2 not large enough to expand charm loop function κc(q
2,m2

c) = κc(q
2, 0)

+O(m2
c/q

2) ' 1/2 for model-independent estimate Grinstein,Pirjol ‘04;

Breit-Wigner parametrization

contributions via B → (K∗ → Kγ)γ with Eγ ' mB/2 and

B → Kη(′) → Kγγ with q2 ' m2
η(′) outside OPE region
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NP in b → sγγ

NP in C7 tightly constrained by B(B → Xsγ)

QCD penguins ∼ s̄γµb
∑

q q̄γµq small coefficients CQCD
SM /C2 ∼ 10−2,

significant enhancements in conflict with hadronic 2-bodies B → Kπ

O`
S(P ) =

αem

4π
s̄Rb¯̀(γ5)` ` = e, µ, τ

γ γ

�����

b s

l

l l

b → sτ+τ− couplings essentially unconstrained B(Bs → τ+τ−) < 5%

model-independently |Cτ
S(P )|

<∼ 700 non-`-universal; Cτ SM
S(P ) ' mbmτ/m

2
W
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B → Kγγ di-photon spectrum
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q2 [GeV2]

SD SM
SD SM 1PI only
NP with Cp=700

NP with Cp=-700
SM with etac,Chi0

B(B → Kγγ)OPE
SM = 1 · 10−9 with 20,50 % uncertainty from FF, µ

B(B → Kγγ)OPE 1PI
SM = 0.5 · 10−9; B(B → Kγγ)OPE

NPτ ' (1 − 2) · 10−8
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Summary

• double radiative B → (Xs,K
(∗))γγ decays are interesting modes

– reasonable experimental signature

– in some NP scenarios b → sγγ is complementary to b → sγ

– exclusive B → K(∗)γγ decays can be systematically studied in

some region of phase space with HQET/SCET: at lowest order in

1/mb only non-perturbative object is the (known) B → K form

factor; di-photon modes way more complex than B → K∗γ

• branching ratios small in SM

B(B → Kγγ) ∼
[

|κcQ2
uC2|2

|C9|2+|C10|2 or
|C7|2

|C9|2+|C10|2
]

×B(B → K`+`−) ' O(10−9)

• factor 10−2 smaller than in previous publications (to be revised)
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Summary

• in SM, charmonium resonances dominate short-distance amplitude in

OPE region, i.e. both photons hard, but not maximally E1,2 < mb/2

• NP in scalar/pseudoscalar FCNC coupling to taus can enhance the

branching ratios by 1 order of magnitude, outside the ηc, χc0 peaks

• similar conclusions for K∗ mode: B(B → K∗γγ)OPE 1PI
SM = few · 10−9
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