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Reference 

•Physics at Super B Factory [arXiv:1002.5012]
•SuperB Progress Report [arXiv:.10081541]
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•SuperB Progress Report [arXiv:.10081541]



IntroductionIntroductionIntroductionIntroduction
• b→s(d)γ, b→s(d)ℓℓ : FCNC process.
• Sensitive to New Physics.
• In general, inclusive B→Xs/dγ, B→Xs/dℓℓ are theoretically clean but 

experimentally challenging compared to exclusive modes.
• Many observables:

� BF(B→X γ) : limit in charged higgs mass� BF(B→Xsγ) : limit in charged higgs mass
� ACP(B→Xsγ)
� BF(B→Xdγ)/BF(B→Xsγ) : extract |Vtd/Vts|.
� BF(B→Xsℓℓ) 
� AFB(B→Xsℓℓ)
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BF(BBF(BBF(BBF(B→→→→XXXXssssγγγγ))))
Three methods for inclusive analysis for B→Xsγ.

Fully inclusive
• Subtract the on-resonance photon energy spectrum by the continuum spectrum.
• Free from the model uncertainty of hadronic system (Xs).
• Generally, has large backgrounds.• Generally, has large backgrounds.
• Lepton tag is sometimes used for background suppression and flavor tagging.

Sum of exclusive modes (semi-inclusive; pseudo-reconstruction).
• Reconstruct hadronic system (Xs) as a sum of exclusive modes.
• Signal is cleaner than using the fully inclusive method.
• Model uncertainty of hadronic system; missing modes.
• Separation of Xs and Xd.
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• Fully reconstruct the other side B.
• Very low efficiency (<1%), but very clean (continuum bkg becomes negligible).
• Measurement in B frame. Access to flavor information etc.

Recoil tag (full reconstruction).



BF(BBF(BBF(BBF(B→X→X→X→Xssssγγγγ))))

fully 
inclusive

sum of 
exclusive

Status of B(B→Xsγ)

exclusive
recoil 
tag

c.f.) theory B(B→Xsγ) = (3.15 ± 0.23) × 10−4
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At present B factories, fully inclusive method (or sum of exclusive method) has 
given most precise result, but they are already systematic dominant.

In the future B factories (with > 10 ab−1), recoil tag method will be most promising.



BF(BBF(BBF(BBF(B→X→X→X→Xssssγγγγ))))
[Phys. Rev., D77, 051103 (2008)]

BaBar Analysis with 210 fb−1

• 0.68 M tagged BB events with 0.3% full 
recon. efficiency.

• 23% statistical error.• 23% statistical error.
• BB background subtraction using MC.

signal 
+ BB
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1.6<Eγ<1.7 [GeV] charged B

By scaling the stat. error, 3% statistical error at 10 ab−1.



BF(BBF(BBF(BBF(B→X→X→X→Xssssγγγγ))))
• Other B decays will be the main background source.

� Decay of π0, η : largest, but can be calibrated with control sample.
� Other decay (ω, η’, J/ψ)
� Hadronic interactions of neutral particles in the calorimeter..

According to Belle inclusive analysis , 
6-7% systematic error is assigned to 
B background (excluding π0, η decay).

The effect might be less for full 
reconstruction analysis, but still similar level 
(e.g. 5%) of systematic error is expected.

• 3% in “SuperB Progress Report”
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This might be adequate give current theory 
prediction

B(B→Xsγ) = (3.15 ± 0.23) × 10−4

• 3% in “SuperB Progress Report”



AAAACPCPCPCP(B(B(B(B→X→X→X→Xssssγγγγ))))
In the SM:

ACP(B→Xsγ) = 0.0042+0.0017
−0.0012

ACP(B→Xs/dγ) = 0
ACP(B→Xdγ) ~ −0.1

[Nucl. Phys. B704, 56 (2005)] MFV scenario

black: w/ EDM 
constraintACP(B→Xs/dγ) = 0

Some New Physics models predict larger 
asymmetry for B→Xsγ or B→Xs/dγ.

• Signature of New Physics.
• Useful to identify NP models

constraint
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AAAACPCPCPCP(B(B(B(B→X→X→X→Xssssγγγγ))))
Sum of exclusive modes method for B→Xsγ
ACP(B→Xsγ) = 0.002 ± 0.050 ± 0.030        (Belle 140 fb−1)
ACP(B→Xsγ) = −0.011 ± 0.030 ± 0.014      (BaBar 383 M BB)

• Self-tagging (flavor tag is obtained from the reconstruction information).
• Suppression of B→X γ.• Suppression of B→Xdγ.

Most systematic errors are limited by the control sample statistics, and can 
be reduced in the future.

Scaled 140 fb−1 from Belle results:
δACP(B→Xsγ) [@ 5ab−1] = ±0.009 (stat) ± 0.006 (syst),
δACP(B→Xsγ) [@ 50ab−1] = ±0.003 (stat) ± 0.002 (syst) ± 0.003 (model).
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• Sensitivity to O(1%) asymmetry.
• Question: how to estimate the model error due to missing modes?

δACP(B→Xsγ) [@ 50ab ] = ±0.003 (stat) ± 0.002 (syst) ± 0.003 (model).



AAAACPCPCPCP(B(B(B(B→X→X→X→Xssssγγγγ))))
Fully inclusive method for B→Xs+dγ

ACP(B→Xs+dγ) = −0.110 ± 0.115 ± 0.017      (BaBar 89 M BB)

• Lepton tag
� Wrong tag due to mixing (9%), and lepton from non-B (3%).� Wrong tag due to mixing (9%), and lepton from non-B (3%).

• B→Xdγ is included in the signal.
• By simple extrapolation, 1% statistical error @ 10 ab−1

Now 1σ
error @ 
50 ab−1

• < 1% at Belle II.
• Generally speaking, 1% is somewhat 

challenging (e.g. detector bias, fitting 
systematic).
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systematic).
• Recoil tag also useful  for 

ACP(B→Xsγ), ACP(B→Xs+dγ) .



BF(BBF(BBF(BBF(B→→→→XXXXddddγγγγ))))

Challenge: huge backgroud from b→sγ

B→Xdγ : Measurement of |Vtd/Vts|

B→Xdγ

B→Xsγ

B→K*γ
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To suppress b→sγ
• Sum of exclusive methods.
• Strangeness tag (find K in events).



BF(BBF(BBF(BBF(B→X→X→X→Xddddγγγγ))))
MC study for b→dγ (Belle II)

5 ab−1

qq bkg

b→dγ
b→sγ

b→dγ
signal MC
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5% statistical error @ 5 ab−1

20% systematic error In this study, mainly from 
b→sγ normalization.



BF(BBF(BBF(BBF(B→X→X→X→Xddddγγγγ))))
[arXiv:1005.4087]BaBar 471M BB

BF(B→Xdγ, 0.5<MXd<2.0) = (9.2 ± 2.0 ± 2.3) × 10−6,
BF(B→Xsγ, 0.5<MXs<2.0) = (23.0 ± 0.8 ± 3.0) × 10−5,
|Vtd/Vts| = 0.199 ± 0.022(stat) ± 0.024(syst) ± 0.002(th)  
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Key issue in the future: reduction of systematic error



BF(BBF(BBF(BBF(B→X→X→X→Xddddγγγγ))))

A large part of the systematic error 
comes from missing modes or 
fragmentation.

• These will be improved by statistics 
(e.g. more reconstruction modes), 
but only slightly.

• Calibration using B→Xsγ may help ?
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BF(BBF(BBF(BBF(B→X→X→X→Xddddγγγγ))))
Another possibility: full reconstruction + strangeness tag 

Strangeness tag : not so straightforward
• Will fail for KS→π0π0, KL : 33% of K
• Barionic decay (Λ:ok, but Σ ?)

→ γ

wrong tag 
for s→d 
(33% is too • Barionic decay (Λ:ok, but Σ ?)

• ssbar popping (e.g. B→KKγ)

A study at SLAC-R-709 “The 
Discovery Potential of a Super B 
Factory”

• Semi-leptonic tag is assumed.
• 10-20% for |Vtd/Vts| @ 10 ab−1.
• If full reconstruction is necessary, 

(33% is too 
optimistic)
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• If full reconstruction is necessary, 
need one order of magnitude 
more statistics (program @ 50 
ab−1)

10/ab 50/ab

20%



BBBB→X→X→X→Xssss/d /d /d /d ℓℓℓℓℓℓℓℓ

• More challenging than B→Xs/dγ (two orders of magnitudes lower B.F.).
• Branching fraction, forward backward asymmetry etc. (similar to exclusive 

B→K* ℓℓ).
• “theoretically clean” compared to the exclusive mode.

Inclusive B→Xs/d ℓℓ

• “theoretically clean” compared to the exclusive mode.
• Study possible only in e+e− B factories.

So far, all the analyses at BaBar and Belle are based on the sum of exclusive 
modes method.
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q2
0 = 4.2 ± 0.6 GeV2 q2

0 = 3.5 ± 0.1 GeV2



BBBB→X→X→X→Xssss/d /d /d /d ℓℓℓℓℓℓℓℓ
Belle 605 fb−1 result [LP09]

238.3 ± 26.4 ± 2.3 events
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c.f.)



BBBB→X→X→X→Xssss/d /d /d /d ℓℓℓℓℓℓℓℓ

• So far, MXs and q2 dependence for a few bins are obtained.
• Still statistics dominated.

analysis improves with
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• Still statistics dominated.
• Main systematic error sources

� assumed Kℓℓ, K*ℓℓ fraction (6%)
� hadronization + missing mode (5%)

analysis improves with
statistics

comparison with Xsγ



BBBB→X→X→X→Xssss/d /d /d /d ℓℓℓℓℓℓℓℓ
Estimation in arXiv:1008.1541

Sum of exclusive
Recoil MassXsℓℓ

(hadronic uncertainty ~10% not included)
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(hadronic uncertainty ~10% not included)

Measurement with a few % precision possible at 75 ab−1



BBBB→X→X→X→Xssss/d /d /d /d ℓℓℓℓℓℓℓℓ
Next Step: Forward-backward asymmetry

But, results & feasibility study exist only for exclusive modes:

C7=−C7
SMAFB

exclusive K*ℓℓ

SM
50 ab−1

q2 (GeV2/c2)
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LHCb 2 fb−1 : 13%
LHCb 100 fb−1 : 2%
Belle 50 ab−1 : 5% 



BBBB→X→X→X→Xssss/d /d /d /d ℓℓℓℓℓℓℓℓ
• Forward backward asymmetry for inclusive modes

• No estimation of forward backward asymmetry for inclusive mode.
• One order of magnitude more luminosity is necessary compared to 

exclusive modes (?)
• Considering the theoretical precision, not competitive to exclusive modes at • Considering the theoretical precision, not competitive to exclusive modes at 

early stage.
• Xsℓℓ with recoil method
• Xdℓℓ
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SummarySummarySummarySummary
• Recoild tag method is promising for B→Xsγ.

�δBF(B→Xsγ) ~ 6% @ 50 ab−1 (Belle2);   maybe less.
�δBF(B→Xsγ) ~ 3% @ 75 ab−1 (SuperB)
�Theoretical prediction

• Less than 1% precision for ACP(B→Xsγ)• Less than 1% precision for ACP(B→Xsγ)
�δACP(B→Xsγ) ~ 0.005  @ 50 ab−1 (Belle2)
�δACP(B→Xs+dγ) ~ 0.01 (?)

• Sum of exclusive modes for Xdγ, Xsℓℓ .
� Hadronic uncertainty, missing modes are the issue.
� Calibration using B→Xsγ.

• Many of them are quite challenging, but only possible at B factories.
�Need (MC) study.
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Backup
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BaBar BBaBar BBaBar BBaBar B→X→X→X→Xddddγγγγ

[arXiv:1005.4087]
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BBBB→X→X→X→Xssss/d /d /d /d ℓℓℓℓℓℓℓℓ
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BBBB→X→X→X→Xssss/d /d /d /d ℓℓℓℓℓℓℓℓ
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