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take home message

• γ from B→DK is theoretically extremely 
clean

• it is an interesting observable to 
measure precisely
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outline

• brief outline of the B→DK methods

• what is the ultimate theory error?

• electroweak corrections
• “the ultimate test of (MFV) NP”
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• use interference between              and  

obtaining gamma
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many final state choices

• possible choices for final state f in D decay 

• CP- eigenstate (e.g. KSπ0 )  

• flavor state (e.g. K+π−)  

• singly Cabibbo suppressed (e.g. K∗+K−) 

• many-body final state (e.g. KS π+π−)  
• other extensions: 

• many body B final states: B+ → DK+π0 , B0 → Dπ−K+ 

• use D0∗ in addition to D0  

• use self tagging D0∗∗ ,   D 2 ∗−   

• neutral Bd, Bs decays (time dep., time-integr., self-tag) 
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• many methods: GLW, ADS, Dalitz,…
• one has ~NDNB measurements, but ~ND+NB 

unknowns

• ⇒ can determine γ
• does it make sense to split into “methods”?

• we are really interested in γ

• combined analysis wins
• “only” benefit of splitting: compare diff. γ

• check for NP or systematics

why the methods work
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why measure 
gamma?
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why measure gamma?

• now (= in the age of LHCb and upcoming SFF)

• theoretically clean extraction of the CKM weak 
phase

• standard candle of the CKM
• unlikely there is NP in γ (at present precision)

• search for NP by comparing to other 
observables

• can test for consistency in γ extraction in 
B→DK itself
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test for np in decay 
amplitudes

• extraction of γ has a built in test for 
presence of extra NP in decay ampl.
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• there is NP in B→DK amplitude if

• Belle and Babar already
 measure this

• even, if                              still 
possible that γ is shifted 

test of direct CPV NP in 
B→DK
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in the (far) future
• another test:  γ from B± →DK±, B± →DK*± , B± 

→D*K±  ,B0→DK0,... all need to coincide! 

• NP with contributions of different chirality 
could for instance give different shifts in γ

• since the extraction of gamma theoretically clean

• can be used to search for high scale NP when a 
lot of statistics

• next: what is the scale we could in principle 
probe?

• how clean? what is the theory error?
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theory errors on 
extracting gamma
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• assume SM
• several sources that can induce a shift in γ
• most can be avoided 

• with more statistics

• example: Dalitz plot theory error

• by modifiying equations

• example: errors from              mixing
• remain: errors from electroweak corrections 

theory errors
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• in SM                mixing is CP conserving ⇒ the effect is small

• if D decay info. is from flavor tagged D (i.e. from D*→D π)

• then only important changes are in the interf. term

• change in relative phase:   δf → 〈δf〉 

• dilutes the interference:   … → …×e-ε

• the effect on γ is ε~

• applies e.g. to GLW, ADS

• even for doubly Cabibbo supp. D decays the shift ∆γ<1º
• in model indep. Dalitz analysis no changes needed, if 

everything from B→DK

• one already fits for both 〈δf〉 and ε by fitting for ci, si

      mixing
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• the effect potentially larger, if D decay info 
from CLEO (ψ(3770)→      )

• the change since time integr. interv.: t ∈ (-∞,∞)

• the shift in γ is now linear in xD, yD

•  but still small: ∆γ ≤ 2.9º (≤0.2º, if |AD|2 
info. comes from D*→D π )

• most importantly:             mixing effects can 
be incl. exactly if xD, yD precisely measured

      mixing
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• for γ from (untagged) Bs→Dφ  the 
inclusion of ∆Γs depen. important 

•  ∆Γs needs to be well measured
• QED radiative corrections

• CP conserv., in principle no effect on γ 
• the remaining (SM) theory error from

• higher electroweak corrections

other errors

16

Gronau, Grossman, Soffer, Surujon, JZ, 2007



LHCb workshop, CERN, Apr 18, 2012J. Zupan     CKM gamma from tree decays

• irreduc. theory error in SM introduced by ew. 
corrections that change CKM structure

• if only vertex corrections no effect on γ extr.

• no effect from Z exchange

• there is effect from box diagrams

irreducible theory 
error on gamma
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• the shift on γ due to the box diagram
• dominant contrib. effectively due 

to t and b in the loop
• b→usc:̄ 

• tree level ~ VubVcs*

• box diagram~ (VtbVts*) (VubVcb*)

• same week phase, does not induce δγ
• b→csū: 

• tree level ~ VcbVus*

• box diagram~ (VtbVts*) (VcbVub*)

• different week phase ⇒ δγ≠0

irreducible theory 
error on gamma
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• we estimate it in two ways
• integrate both t and b at the same time

• local operator, but large logs
• resum log(mb/mW) but also nonlocal contribs

• keep only local ones
• the precision suffices for our purposes
• irreducible theory error on γ is 

              δγ/γ < O(10-6)

• most likely even δγ/γ ≲ O(10-7)
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ultimate test of MFV

• how high NP scales can we probe using  
γ from B→DK?

• assuming MFV: can probe Λ~102TeV
• assume gen. FV: can probe Λ~103TeV
• this is far future of course

• O(1018)           pairs needed
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PROBE !NP for 
(N)MFV NP !NP for gen. FV NP No. of BB 

pairs 
needed" from B→DK !~103!MFV !~104!MFV 1018-1019

B→τν 1) !~10!MFV !~300!MFV 1013 .

!~!MFV !~103!MFV 1015 .

β from 
B→J/ψKS   2)

!~10!MFV !~30!MFV 1012 .

some numbers for fun
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b! ssd̄

" from B→DK !~O(102 TeV) !~O(103 TeV) ~1018 .

B→τν 1) !~ O(TeV) !~O(30 TeV) ~1013 .

!~O(TeV) !~O(103 TeV) ~1015 .

β from  B→J/ψKS   2) !~O(50 TeV) !~O(200 TeV) ~1012 .

K-K mixing  3) !>0.4TeV(6TeV) !>103TeV(104TeV) now

b! ssd̄

1) assuming no err. on fB, so that ultimate th. error just from ew. corr.
2) assuming pert. error estimates δβ/β~0.1%
3) bounds for ReC1 (Im C1) from UTfitter 0707.0636

JZ, 1101.0134
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conclusions

• γ extraction from B→DK is theoretically 
clean

• irreducible theory error on γ is below 
δγ/γ< 10-6

• measuring γ is important

• standard candle of the SM

• search for NP
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some specific ideas for 
LHCB

• a “method”: a subset of final
states  allowing for extr. of γ 

• multibody B0 → DK+π− 

• contains flavor specific

• interf. with other resonances 
(e.g. B0 → DK*0) gives γ

• many choices for D →f still

• equivalent of GLW does not need CP-odd D →KSπ0 
decays (that is difficult for LHCb)
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more on 
 

• compared to quasi-two-body B0 → DK*0

• at least 50% better sensitivity to γ 
• extension of model indep. method possible

• double Dalitz plot analysis B0 → DK+π− 
→ (KS π+ π-)DK+π−

• B0 → DK+π− Dalitz still poorly known

• estimates using reasonable models: 20 
annual yields of LHCb ⇒ O(1˚)  error
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