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WGVI Summary 

 WG VI: Angles from penguin dominated B(s,d) 
decays

Conveners
T. Gershon, L. Silvestrini, Th. Feldmann

WG VI: Angles from charmless B decays
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The Good and the Bad and Ugly

● Many measurements
● Measure all three angles
● Sensitive to new physics

● Hadronic uncertainties
● Experimental challenges
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Many, many excellent talks

Thanks to all speakers for their tremendous efforts
Apologies for a very selective summary
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Reminder

α + β + γ = π
by definition
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HADRONIC 
UNCERTAINTIES



theory primers  [Bauer, Franco, Pierini, Jäger]

● symmetries  and topological amplitudes
1/N

c
 arguments

● factorization (1/m
b
 expansion -> SCET)

different phenomenological assumptions:
➔ SCET/BPRS
➔ QCDF/BBNS
➔ pQCD
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Comparison

BAUER



hadronic uncertainties 
 [Jäger, Lü, Pierini]

Status of theoretical calculations:

● tree amplitudes:
➔ colour allowed:

only small corrections to naive factorization
➔ colour suppressed: 

NLO vertex corrections almost cancel LO
dominated by spectator effects

➔ annihilation: 
1/m

b
-suppressed

uncertain (non-factorizable effects)
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Tree amplitudes

JÄGER



hadronic uncertainties    
 [Jäger, Lü, Pierini]

Status of theoretical calculations:

● penguin amplitudes:

differing results in BBNS/BPRS/pQCD:
➔ chirally enhanced penguin 
➔ annihilation penguin
➔ charm(ing) penguin  

✗ treatment of non-factorizable 1/m
b
 effects ?
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Non-factorizable penguins

LÜ
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Hadronic Uncertainties

● Need to understand subleading effects in order to 
interpret several interesting measurements
– ΔA

CP
(Kπ)

– φK* polarization
– ΔS(φK

S
, etc.)

– Large BR(B0→π0π0)
● Hoped for breakthrough has not (yet) occurred

– High energy scales of LHC attractive for theorists too
● Need LHCb data to inspire future theory developments
● Focus on theoretically clean &/or data-driven methods
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γ≡φ
3
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ΔA
CP

(Kπ)

K+π–
 

LIN
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ΔA
CP

(Kπ)
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ΔA
CP

(Kπ)

PIERINI, many others

Fit predictions
not very precise

Better ...
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Bs and other results from CDF
Determination of sample composition 

provides
1. Observation of new Bhh mode: 

Bs→Kπ
2. First observation of Λb→ph decays: 

Λb →pπ and Λb→pK

3. Unique sample of Bs→KK

4. B-factories-like samples of Bd →ππ 
and Bd→Kπ

A wealth of measurements is extracted
1. BR(Bs→Kπ) and ACP(Bs→kπ)
2. Improved BR(Bs→KK)
3. BR(Λb→pπ) and ACP(Λb→pπ)
4. BR(Λb→pK) and ACP(Λb→pK)

All BR are measured relative to the reference mode Bd → Kπ to cancel common 
systematic uncertainties 

Constraints on gamma!

VOLPI
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How Will it Look for LHCb?

No PID 
used!

0.5

36k

B/S

yields

< 0.06

36k

0.15

140k

               B → π π               B → Kπ              Bs → KK            Bs → π K

1.9

10k

LHCb Note 2007-059

Latest Monte Carlo 
studies agree with 
these predictions

RODRIGUES
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Kππ Dalitz plot techniques

ZUPAN, LATHAM
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Kππ Dalitz plot results
Kππ0 (BaBar) K

S
ππ (BaBar + Belle)

LATHAM
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Kππ Dalitz plot results
Kππ0 (BaBar) K

S
ππ (BaBar + Belle)

LATHAM, ZUPAN

Constraint does not 
include latest results



13 September 2008 CKM2008 - WG6 summary 23

Prospects for LHCb

● B0 → Kππ0 will be difficult → use a different method
● One nominal year of LHCb data on B+ → Kππ 

– 2 orders of magnitude more events than the B factories!

GUERRER
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γ Summary

● Kπ system remains interesting
– results are tantalizing but hadronic uncertainties 

remain
– need better data on K

S
π0 – Super Flavour Factory

● Kππ based methods provide additional 
information
– can control hadronic uncertainties
– first results available, expect updates from B 

factories
– looking good for LHCb
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β≡φ
1
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ΔS in Hadronic b→s Penguin 
Dominated Decays

SONI

Message: Don't take
theory errors too “literally”
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B0→φK
S

DALSENO

Both experiments now 
using time-dependent 

Dalitz pot analyses
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B0→η'K
S

GAZ

Methods to constrain 
ΔS using SU(3)
related modes

appear to be reaching
limitations
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B0→K
S
K

S
K

S

(preliminary)

BABAR RESULTS 
NEW FOR CKM2008

FUJIKAWA
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B0→K0π0

Fits prefer large values of S(K
S
π0)

SONI, PIERINI
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B0→K
S
π0

FUJIKAWA
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B0→K
L
π0 (!!!)

FUJIKAWA
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HFAG COMPILATION
● Huge effort from B 

factories to clarify hints 
of trends / deviations in 
previous measurements
– eg. Dalitz plot analyses

● Situation today is quite 
different to the past

● (Put your own conclusion here)
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α≡φ
2
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The Gronau-London Method

TELNOV
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Measurements in the ππ System

TELNOV

⇒
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Putting it Together

Very important disclaimer! ... Why?

TELNOV
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The Zero Solution

● GL method does not use any knowledge about 
penguin contribution (except isospin)
– neither magnitude nor phase
– insensitive to isospin conserving new physics

● But, we do know

(using unitarity)
● Non-zero direct CP violation in B→ππ ⇒ α ≠ 0

– (or hadronic parameters → infinity)

A =
2∣P∣∣T∣ sin  sin 

∣P∣
2
∣T∣

2
2∣P∣∣T∣cos cos 
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Bayesian Implementation

● Use priors that enforce 
limitations on the magnitude 
of |P|/|T|

● Even without using S
ππ

 in the 

fit, still exclude α = 0

FRANCO
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The ρρ System

SCHWARTZ
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Measurements in the ρρ System

SCHWARTZ
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Measurements in the ρρ System

● BaBar – evidence for B0 → ρ0ρ0

● Belle – consistent with zero
● Differences in analysis (ππ mass window)

– To be resolved in future updates

SCHWARTZ
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Measurements in the ρπ System
Direct CP violation @ 3σ

MOHANTY



13 September 2008 CKM2008 - WG6 summary 44

α Summary

● SM solution (near 90˚) allowed, uncertainty ~ 8˚
● LHCb can contribute for ρπ, ρ0ρ0

● Focus on theoretically clean methods, but can reduce 
uncertainty with additional assumptions (eg. SU(3))

● |P|/|T| is crucial parameter
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FUTURE



  

b  b    s s: why new physics there?

● b   d much constrained ( see UT determination)

● b   s still allows for a non-negligible amount of new 
physics ( at least at the 15 -20% level), in particular in CP 
violating phenomena

● Large 2 – 3 mixing in the neutrino sector ; 
● correspondence to bR _  sR   in the 5-plet of SU(5) 

● Hints for new physics in b   s transition (SUSY, 4th 
generation, warped extra-dimensions, new Z’, etc.)

MASIERO + NP breakout session
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Hadronic b→s penguins
Golden or Not Golden?

VIRTO
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B
s
→VV 

VIRTO

Also B
s
→φφ



13 September 2008 CKM2008 - WG6 summary 49

B
s
→VV 

VIRTO

Also B
s
→φφ



• Bs→φφ and Bs→ K*0K*0 provide a new window into CP 
violation in hadronic b → s penguins

• Updated study shows LHCb can achieve a resolution of 
Δ(“φs”)  0.125 in B≈ s→φφ with 2 fb-1 (1 nominal year), 
making  it an ideal place to search for the anticipated 
unexpected physics 

• Study of Bs→ K*0K*0 is progressing well in LHCb

• LHCb is about to take over the penguin world! 

Prospects for LHCb

CKM 2008 Yuehong Xie 50

LHCb = penguin party?

XIE

Need to study effects of contributions
from nonresonant or other decays
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Exciting times to be alive

Remarkable
new physics
prediction!
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THE BOOK
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The Book

● All contributors to the WG welcome to contribute
– Including some who could not be in Rome

● We have identified individuals to make the first 
drafts of sections (5 pages per section)
– Theory primers Bauer, Jäger
– α Telnov, Schwartz
– β Soni, (Dalseno)
– γ Zupan, Latham

● Other WG members will serve as reviewers
● First drafts by mid-October please!



13 September 2008 CKM2008 - WG6 summary 54

Congratulations to the organizers (especially 
Riccardo) for a fantastic workshop ... and more!
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