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Motivation



The Standard Model is great 1/19
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The Standard Model is great 1/19

Top quark

[D0 collaboration, 1995]



The Standard Model is great 1/19

Electroweak force

[Luigi Di Lella and Carlo Rubbia, 2015]
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▶ Can’t describe dark matter

[Bullet Cluster]
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Which b decays? 4/19
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Flavour changing neutral currents
only emerge at 1 loop level
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Why talk about them? 6/19
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Effective Field Theory tangent
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Weak Effective Theory Sectors 9/19

Sector: Complete set of operators so that at leading order in GF

they can only mix into each other

e.g. cbµνµ.

b

c

W−

νµ

µ−



Weak Effective Theory Sectors 9/19

Sector: Complete set of operators so that at leading order in GF

they can only mix into each other

e.g. cbµνµ.

b

c

W−

νµ

µ−



My work



Recall P ′
5 10/19
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What could cause the tension? 11/19

▶ Issues with measurement?

▶ Issues with hadronic form factors (local and non-local )?

▶ New physics in sb{γ, ℓℓ,qq} sector?
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Form Factors 12/19

▶ Non-local iPµ

∫
d4xeiq.x⟨M(k)|T{Jµem(x), Csbcc

i Osbcc
i }|B(k + q) ⟩
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▶ Prevaling assumption is that sbqq operators are SM-like
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Example 16/19

F29 Csbcc
2 [sΓµ9b]

=
2
9(4πe

−γ)ϵ

[
12m2
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q2 +

(
2+

3
ϵ
+ 3 log µ2

m2
c

)
+ 3DiscB(q2,mc,mc)

(2m2
c + q2)

q2

]
× Csbcc

2 (q2gµν − qµqν)[sγνPLb]



Current Status of work: 17/19

▶ I’ve done F1...10,j (all c quarks operators) to 1 loop (LO)

▶ I’m doing F1,j , F2,j to 2 loops (NLO) and comparing to literature

Next tasks:

▶ F1...10,j to 2 loops (NLO)

▶ Fi>10,j at 1 and 2 loop level (u,d;(hopefully) s,b)
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2 loop approach 18/19

▶ Reduce to minimum number of independent propagators (solve
algebraic equations)

▶ Reduce to scalar integrals (Passarino-Veltman)

▶ Reduce to minimum number of master integrals (Integration by
parts identities)∫

ddk1 . . .ddkL
[

∂

∂kµ
i

( Nµ

P1P2 . . .

)]
= 0



Conclusions 19/19

▶ B decays are an important and interesting area of work

▶ There are some interesting challenges involved in the work

▶ I’m looking at 1 and 2 loop calculations (where SM in not
assumed)



Backup Slides



P ′
5

The angular distribution of B0 → K ∗0µ+µ− decay is given by

FL is a fraction of longitudinal polarization of K ∗0;

P ′
5 =

S5√
FL(1− FL)



sb{γ, ℓℓ} basis

J7 = 2imbqν [sσµνPRb]
J9 = (qµqν − q2gµν)[sγνPLb]



sbcc operators

Osbcc
1 = [sγµtaPLc][cγµtaPLb]

Osbcc
2 = [sγµPLc][cγµPLb]

Osbcc
3 = [sγµPLb][cγµc]

Osbcc
4 = [sγµtaPLb][cγµtac]

Osbcc
5 = [sγµνρPLb][cγµνρc]

Osbcc
6 = [sγµνρtaPLb][cγµνρtac]

Osbcc
7 = [sγµPLb]Qc[cγµc]

Osbcc
8 = [sγµtaPLb]Qc[cγµtac]

Osbcc
9 = [sγµνρPLb]Qc[cγµνρc]

Osbcc
10 = [sγµνρtaPLb]Qc[qγµνρtaq].



1 loop diagrams
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2 loop diagrams



VErtex LOcator (VELO)

VELO is extremely close to beams to allow precision measurement of
b quark location (10−5m).

It is mechanically moved into place once the beams have been
stabilsed so that they are not damaged when the beams are
injected



DiscB

DiscB(q2,mc,mc) =

√
q2(q2 − 4m2

c)

q2 log(
2m2

c − q2
√

q2(q−4m2
c)

2m2
c

)
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