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Flavor in the SM: Organized but not understood 

Is there a flavor theory that could predict the observed pattern of Yukawas?

Only a handful of parameters 
(flavor symmetric)! Flavor sector is loose!

ℒSM = ℒGauge + ℒHiggs + ℒYuk

•  Many free parameters (fixed by data!), which exhibit a striking hierarchy 
(does not look accidental…):

 Difficult problem to solve (at which NP scale?) — Exp. guidance needed!⇒
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LFU in b → sℓℓ
Experiment

Theory (loop induced)
• Hadronic uncertainties almost fully cancel. 

  Clean observables! 

• However, QED corrections important, 

⇒
<latexit sha1_base64="OUf7tYKjNPXzXzzlLYbT3aTHK40="></latexit>

RSM
K(⇤) = 1.00(1) [Isidori et al. ’20]

[Hiller, Kruger. ’04][working below the narrow  resonances]cc̄

<latexit sha1_base64="8UyO3QmRYJYVi2RUC+jgbe6t1R4="></latexit>

RK(⇤) =
B(B ! K(⇤)µµ)

B(B ! K(⇤)ee)

Needs independent cross-check from Belle-II
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LFU in b → cτν̄

SM

Experiment
<latexit sha1_base64="6ifmocgminU6qwszjCSyxRP7ESM="></latexit>

RD(⇤) =
B(B ! D(⇤)⌧⌫)

B(B ! D(⇤)µ⌫)

•  and  : dominated by BaBar!  
• LHCb confirmed tendency , i.e.  — with large uncertainties.

Rexp
D Rexp

D*

Rexp
J/ψ > RSM

J/ψ Bc → J/ψℓν̄

Needs clarification from Belle-II and LHCb (run-2) data!
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Why leptoquarks?
• EFT interpretations:

• Leptoquarks induce large semileptonic contributions (at tree-level), while remaining 
consistent with purely leptonic and quark-level observables (loop-level):

• Well-motivated theoretically: 
- GUTs; 
- Neutrino masses; 
- …

[Di Luzio et al. ’17]

≫

<latexit sha1_base64="S9BQzn3VnIhwfozQg2CkR0ZULmw="></latexit>

⇤R
D(⇤) . 5 TeV

<latexit sha1_base64="gLvJF1MzosDkdG69J3F0iik9ha0="></latexit>

⇤R
K(⇤) . 30 TeV

see e.g. [Dorsner et al. ’17]
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Which leptoquark? [Angelescu, Becirevic, Faroughy, Jaffredo, OS. '21]  
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Which leptoquark? [Angelescu, Becirevic, Faroughy, Jaffredo, OS. '21]  

<latexit sha1_base64="T0Z5nDXeMfdFW8/AgBSIOS+4hXg="></latexit>�
SU(3)c, SU(2)L, U(1)Y

�

• The  LQ can do the job alone, but UV completion needed. 
-   contains  
- Viable TeV models proposed:       

• This talk: Two scalar LQs are also viable!

U1

%PS = SU(4) × SU(2)L × SU(2)R U1 ∼ (3, 1, 2/3)
U1 + Z′ + g′ [Di Luzio et al. ’17, Bordone et al. ’18, Blanke et al. ’18…]

[Crivellin et al. ’17, Marzocca ’18] [Becirevic et al. ’18]
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See talk by D. Faroughy!

[Buchmuller, Wyler. ’88]
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S3 = (3̄, 3, 1/3)
<latexit sha1_base64="UDapflwpZ6S9YdZHvUy8NNh2aBQ="></latexit>
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• Purely left-handed operator 
preferred : [4.6σ]

<latexit sha1_base64="ty9pQYwZiDlXUwJ1Gyb7+PPBp/s="></latexit>
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10

= �0.41± 0.09

Scalar LQs for b → sμμ
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<latexit sha1_base64="UDapflwpZ6S9YdZHvUy8NNh2aBQ="></latexit>

Le↵ =
4GFp

2
VtbV

⇤
ts

↵em

4⇡

⇥
s̄L�

µbL
⇤⇥
¯̀(C9 + C10�5)`

⇤
+ . . .
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preferred : [4.6σ]
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• Tree-level prediction:
<latexit sha1_base64="/FaSVnmHfMbYe0lpfnDY+JJAmt0="></latexit>

LS3 = yijL QCi⌧2(~⌧ · ~S3)Lj + h.c.

<latexit sha1_base64="T//RIfjOImNxe+QvUT0lR4YYYBw="></latexit>
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S3

ysµL ybµ ⇤
L

NB. Consistent with other constraints: , ΔmBs
B → Kνν̄, …

S3 = (3̄, 3, 1/3)Scalar LQs for b → sμμ
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LFU in charged currents
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Viable solutions: 
-   

-   

-  

gVL
> 0

gSL
= − 4gT > 0

gSL
= + 4gT ∈ i ℝ

NB. More information is needed to distinguish 
among the viable solutions.

⇒ e.g.,  angular observables.B → D(*)τν

<latexit sha1_base64="m+n1YZaxmgGuoL9QZFJtT/toI8I="></latexit>

R2 = (3,2, 7/6)

<latexit sha1_base64="f7nqisg/609/ZtB81zwHd7JTIn4="></latexit>

S1 = (3̄,1, 1/3)} ⇒

⇒

[Angelescu, Becirevic, Faroughy, Jaffredo, OS. '21]  

See talk by Damir Becirevic 



Combined explanation: R2 & S3

This talk!

*See Gherardi et al. ‘20*
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Combined explanation: R2 & S3

Flavor ansatz motivated by a  GUT scenario:SU(5)

8

[Becirevic et al. ’18]  

<latexit sha1_base64="HSqZu9zGQu/qeE5lWu1lRIire58="></latexit>
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yR = yTR
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Results and predictions

Suitable couplings:

Allowed by (numerous) 
low-energy observables!

[Becirevic et al. ’22]

See back-up!

 9

<latexit sha1_base64="9W7krO9JXqzd5m8MjZJkRxEKCmc="></latexit>

NB. gSL(⇤) = 4gT (⇤)
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LHC constraints

<latexit sha1_base64="eUCgQgRjrmp8Lew28UGCnH32n9Q=">AAACRHicdVDLTsJAFJ3iC+sLdOmmSkhckZYQdUl04xITeSS0IdNhgAnTdpy5JZKG73CrP+M/+A/ujFvjFLpA0Jvc5OSce2/OPb7gTIFtvxu5jc2t7Z38rrm3f3B4VCget1QUS0KbJOKR7PhYUc5C2gQGnHaEpDjwOW3749tUb0+oVCwKH2AqqBfgYcgGjGDQlCeEC5ELOE67VyjZFXte1jpwMlBCWTV6RePM7UckDmgIhGOluk5VgJdgCYxwOjPdWFGByRgPaVfDEAdUecnc9cwqa6ZvDSKpOwRrzi5vJDhQqaL0aIBhpFZFNQ38/7SU/FtbtQWDay9hoYiBhmThahBzCyIrzcvqM0kJ8KkGmEimH7PICEtMQKdqlpdP9SdMqOzHp8WTpqlDdVYjXAetasW5rNTua6X6TRZvHp2ic3SBHHSF6ugONVATEfSIntELejXejA/j0/hajOaMbOcE/Srj+wdowLID</latexit>pp ! ⌧⌧

[ATLAS, 2002.12223]

<latexit sha1_base64="hL+gypt6s+VhUNvyLOR+xSrl6gg=">AAACQ3icdVDLSgMxFM3UVx1fVZduokVwVWbaWu2u6MZlBasFp0gmTdvQTCYkd8RS+htu9Wf8CL/BnbgVzLQjaNEDgcM594Z7TqgEN+B5r05uYXFpeSW/6q6tb2xuFbZ3rk2caMpaNBaxbofEMMElawEHwdpKMxKFgt2Ew/PUv7ln2vBYXsFIsU5E+pL3OCVgpUCpAOIASBLI5K5Q9Eq1Sr1eqWCv5E2REr9aPq5jP1OKKEPzbtvZD7oxTSImgQpizK1fVtAZEw2cCjZxg8QwReiQ9NmtpZJEzHTG06Mn+NAqXdyLtX0S8FT9uTEmkUkdY0cjAgMzb5pRFP7npeLf3vxZ0DvtjLlUCTBJZ1f1EoEhxmlduMs1oyBGlhCquQ2G6YBoQsGW6h7+/Kp7z5XJMj7MQrquLfW7Ofw/uS6X/FqpelktNs6yevNoDx2gI+SjE9RAF6iJWogihR7RE3p2Xpw35935mI3mnGxnF/2C8/kF4X6xyA==</latexit>pp ! ⌧⌫
[ATLAS-CONF-2021-025]

See also [Greljo et al’ 18] 

See also [Faroughy et al. ’16]

See talks by Lukas Allwicher and 
Florentin Jaffredo this afternoon! 

            [F. Jaffredo ’21]

First considered by [Eboli, ‘88] 
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Lepton Flavor Violation

LFV B- and -decays are bounded 
from above and below!

τ

[Angelescu, Becirevic, Faroughy, Jaffredo, OS. '21]  

• LFUV ↔ LFV: Predictions for 
<latexit sha1_base64="t4hddVpYk7ZvVb6tG7zelhmJlkc="></latexit>

Bs ! µ⌧
<latexit sha1_base64="Tbb0S+DTgv4Yf8947sYb72rIKRc="></latexit>

B ! K(⇤)µ⌧

New searches (95% CL): 
<latexit sha1_base64="NCu78TTQ10PdqhzfE3GP4FTnNtE="></latexit>

B(Bs ! µ⌧)exp < 4.2⇥ 10�5

<latexit sha1_base64="VDPws/D0TtgnpYOzmjhD6RhqyPU="></latexit>

B(B ! K(⇤)µ⌧)exp < 4.5⇥ 10�5

[LHCb]

NB. Similar conclusions for other minimalistic 
solutions of B-anomalies:

See e.g. [Cornella et al. ‘21] 
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B(⌧ ! µ�)⇥ 107



Olcyr Sumensari (IJCLab, Orsay) ICHEP 2022 12

B-decays with missing energy
• Relatively clean observable in the SM: 

• Models for the B-anomalies predict sizable 
deviations from SM predictions.

<latexit sha1_base64="k1QLUBjM/fEkL2t5bXHeb9LTIF4="></latexit>

B(B+ ! K+⌫⌫̄)SM = 4.6(5)⇥ 10�6

[Buras et al. ’14, Blake et al. ’16]

e.g. [Becirevic et al. ’22] 

Promising results from 
early Belle-II data!

[Belle-II, EW Moriond ’21]
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What about loop-level solutions?

*
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• Tree-level prediction strongly disfavored by current data:

• LFU violation can also be generated via loops! First attempt in [Bauer, Neubert, ’15]. 
A compelling scenario can be obtained with  R2 :

[Becirevic, OS., ’17]

<latexit sha1_base64="OJEMCOsO5loHyD8iS/xsXCd0Se4="></latexit>

LR2 = �yijL ūRiR2i⌧2Lj + yijR Q̄iR2`Rj + h.c.
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• Tree-level prediction strongly disfavored by current data:

• For , leading contributions are loop-induced (with the correct pattern!):  yR = 0

• LFU violation can also be generated via loops! First attempt in [Bauer, Neubert, ’15]. 
A compelling scenario can be obtained with  R2 :

[Becirevic, OS., ’17]
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R2 = (3, 2, 7/6)
Predictions:  contoursRK(*)

• Current deviations (  15%) are too large to be explained by R2. 
• If the deviations turn out to be smaller, this scenario would be interesting again!

≈

[Angelescu, Becirevic, Faroughy, Jaffredo, OS., ’21]

[Arnan, Becirevic, Mescia, OS, ’19]



Perspectives / Beyond LFU anomalies
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Perspectives / Beyond LFU anomalies
• Experimental situation remains unclear! 

• We identified the mediators that can explain  and/or  . 

• Upcoming low- and high-energy measurements will be fundamental to refute or 
confirm the remaining viable models. 

• Even if the LFU anomalies disappear, we definitely have learned a lot:

RK(*) RD(*)

- Wait for Belle-II for an independent cross-check! 

- The vector  is viable. Two scalar LQs can do the job too. 
- Interesting phenomenology of  (at one-loop!). 

U1
R2
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RK(⇤),�,...
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B ! K(⇤)µ⌧
<latexit sha1_base64="XjpJV26eCQCJFnPFVLSjdb77yXw="></latexit>

B ! K(⇤)⌫⌫̄
<latexit sha1_base64="zDu5F66I/a9mOJUSRBkHumNi2Jc="></latexit>

pp ! ``0

- We need theoretically clean observables! 
- Flavor physics at high-pT .  

- New attempts to address the flavor problem at the TeV scale! 
- …



Thank you!



Back-up
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[Intermezzo] - Lesson from LFU anomalies!

See talk by B. Capdevilla, M. Fedele, S. Neshatpour, P. Stangl at LHCb Implications ’21 

vs.

Global  fitb → sℓℓ LFU + ℬ(Bs → μμ)

We need observables that are mildly sensitive to hadronic uncertainties!
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EFT for b → sℓℓ
<latexit sha1_base64="o+9RWx5rwlI2YndtQC9wsQPkC1o="></latexit>

Le↵ =
4GF
p
2
VtbV

⇤
ts

"
6X

i=1

Ci(µ)Oi +
X

7,8,9,10,P,S

⇣
Ci(µ)Oi + C

0
i(µ)O

0
i

⌘#
+ h.c.

• Semileptonic operators: 

• Dimension-6 tensor operator is not allowed by  

• (Pseudo)scalar operators are tightly constrained by 

SU(2)L × U(1)Y

<latexit sha1_base64="nk4gO2f9VXmU0yGd0Ybjg81dfiQ="></latexit>

B(Bs ! µµ)exp = (2.85± 0.22)⇥ 10�9

B(Bs ! µµ)SM = (3.66± 0.14)⇥ 10�9

[Our exp. average: CMS, ATLAS, LHCb]

[Beneke et al. ’19]

[Buchmuller, Wyler. ’85]
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[Intermezzo] Bs → μμ

• Good agreement between LHCb results and the SM predictions; 
• Small deficit in the exp. average — due to ATLAS measurement. 

[Our exp. average: CMS, ATLAS, LHCb]
[Angelescu, Becirevic, Faroughy, Jaffredo, OS. '21]  

[LHCb ’21]
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[MILC/Fermilab, 2105.14019]Warning!
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SM predictions
Form-factors: RD

• Lattice QCD at  (  available for both leading (vector) and subleading 
(scalar) form-factors: 

    with  

q2 ≠ q2
max w ≠ 1)

[FLAG’ 21] average:

<latexit sha1_base64="UbiSPW556RY0kuhObQLOPHXfjOk="></latexit>

RSM
D = 0.300(10)

[MILC/Fermilab ’15, HPQCD ’15]
<latexit sha1_base64="ahZ/Pvcv7BotoIC1QMki9/XK4ys=">AAACVXicdVDLSsNAFJ3EWmt8tNWlLkZLoSKUpBR1IxTduKxgH9CGMJlM6tDJg5lJsYRu/Bq3+jPixwhO2yxqqxcuHM6593LucWNGhTTNL03fym3ndwq7xt7+wWGxVD7qiijhmHRwxCLed5EgjIakI6lkpB9zggKXkZ47vp/rvQnhgkbhk5zGxA7QKKQ+xUgqyimdDhc3UpclZOY7lzXzAt5C3zGhQk6pYtbNRcFNYGWgArJqO2XtbOhFOAlIKDFDQgysRiztFHFJMSMzY5gIEiM8RiMyUDBEARF2urAwg1XFeNCPuOpQwgW7upGiQMwVoUYDJJ/FuiimgfufNif/1tZtSf/GTmkYJ5KEeOnKTxiUEZwHCD3KCZZsqgDCnKrHIH5GHGGpYjaqq6e8CY1F9uPL8knDUKFa6xFugm6jbl3Vm4/NSusui7cATsA5qAELXIMWeABt0AEYvII38A4+tE/tW8/p+eWormU7x+BX6cUfHAOzAQ==</latexit>

f+(0) = f0(0)

<latexit sha1_base64="ACwY/VlA8OI3g9cV22LcfkFU2YI="></latexit>

hD(k)|c̄�µb|B(p)i=

(p+ k)µ � m2

B �m2
D

q2
q2
�
f+(q

2)+qµ
m2

B �m2
D

q2
f0(q

2)



Olcyr Sumensari (IJCLab, Orsay) ICHEP 2022

[Isidori, OS. ’20]  

[Intermezzo] How to improve the SM prediction for  ?RD*

• Theory uncertainties are related to , i.e the only source of LFU breaking in the SM: 

• A simple redefinition can reduce these uncertainties: 

mτ

<latexit sha1_base64="BgB2LFYxP2THkKjrb/KkqwboQJA="></latexit>

R(⌧/µ)
D⇤ =

Z q2max

m2
⌧

dq2
dB
dq2

(B ! D⇤⌧ ⌫̄)

Z q2max

m2
µ

dq2
dB
dq2

(B ! D⇤µ⌫̄)

<latexit sha1_base64="Y55Pw6ZiC3czy/HTYqk4STvqk1I="></latexit>

R(⌧/µ)
D⇤ [q2min] =

Z q2max

q2min

dq2
dB
dq2

(B ! D⇤⌧ ⌫̄)

Z q2max

q2min

dq2
dB
dq2

(B ! D⇤µ⌫̄)

NB. Re-weighting of the muon rate by  can further reduce the theory uncertainties. ωτ(q2)/ωμ(q2)

(see back-up)
<latexit sha1_base64="JSpFeKOA+5CQ+pZ/JlRN/5X5ucY=">AAACC3icdVDLSsNAFJ34rPUVdelmaBEqSEiKVJetblxWsA9oY5hMJ+3QycOZiVBCXbvxV9y4UMStP+DOv3GSRvB5YLiHc+7lzj1uxKiQpvmuzc0vLC4tF1aKq2vrG5v61nZbhDHHpIVDFvKuiwRhNCAtSSUj3YgT5LuMdNzxaep3rgkXNAwu5CQito+GAfUoRlJJjl7qRzyMZAgbjlW5uqzuH9w0nGrO2ll19LJp1MwU8DexjKyaZZCj6ehv/UGIY58EEjMkRM8yI2kniEuKGZkW+7EgEcJjNCQ9RQPkE2En2S1TuKeUAfRCrl4gYaZ+nUiQL8TEd1Wnj+RI/PRS8S+vF0vv2E5oEMWSBHi2yIsZVLenwcAB5QRLNlEEYU7VXyEeIY6wVPEVVQifl8L/SbtqWDXDOj8s10/yOApgF5RABVjgCNTBGWiCFsDgFtyDR/Ck3WkP2rP2Mmud0/KZHfAN2usHAzSYeg==</latexit>

/ A1(q
2), A2(q

2), V (q2)
<latexit sha1_base64="mlvtRUFzxntvnkYk4WuVNIsGJF0=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWom2GmSHVZdeOygn1AOw6ZNNOGZjIxyRTK0D9x40IRt/6JO//GTFvB54GQwzn3cu89oWBUadd9twpLyyura8X10sbm1vaOvbvXUkkqMWnihCWyEyJFGOWkqalmpCMkQXHISDscXeZ+e0ykogm/0RNB/BgNOI0oRtpIgW33hEyETuB54FbubqvHgV12nZqbA/4mnjP73TJYoBHYb71+gtOYcI0ZUqrruUL7GZKaYkampV6qiEB4hAakayhHMVF+Ntt8Co+M0odRIs3jGs7Urx0ZipWaxKGpjJEeqp9eLv7ldVMdnfkZ5SLVhOP5oChl0FyaxwD7VBKs2cQQhCU1u0I8RBJhbcIqmRA+L4X/k1bV8WqOd31Srl8s4iiCA3AIKsADp6AOrkADNAEGY3APHsGTlVkP1rP1Mi8tWIueffAN1usHE82SpQ==</latexit>

/ A0(q
2)

<latexit sha1_base64="pLIza+kRtNV15RC7TfrLfLTzLuc="></latexit>

dB
dq2

(B ! D
⇤
`⌫̄) = �(q2)!`(q

2)


HV (q

2)2 +
m`

2

m`
2 + 2q2

HS(q
2)2

�
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From EFTs to concrete models 
•  : 

•  :

b → cτν̄

b → sℓℓ

⟷

⟷

( -meson lifetime)Bc ( , …)ΔF = 2 pp → ττ

Challenging task because of the numerous exp. constraints: flavor, LHC, EWPT…

(    )

Many papers in the literature…
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LHC constraints
i. LQ pair-production

Production dominated by QCD:

see [Dorsner et al. ’18] for a recent review

+ …

ATLAS and CMS results for

[Angelescu, Becirevic, Faroughy, Jaffredo, OS. '21]  

See talk by K. Yong Sheng!
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ii. Di-lepton production at high-pT

[Angelescu, Becirevic, Faroughy, Jaffredo, OS. '21]  

First considered by [Eboli, ‘88] 

Useful upper limits on LQ couplings:

Example:  S3 ∼ (3̄, 3, 1/3)
<latexit sha1_base64="/FaSVnmHfMbYe0lpfnDY+JJAmt0="></latexit>

LS3 = yijL QCi⌧2(~⌧ · ~S3)Lj + h.c.

LHC constraints
See talks by Lukas Allwicher and 
Florentin Jaffredo this afternoon! 
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High-  packagepT

Recast of LHC searches for the 
SMEFT and simplified scenarios

[arXiv:2002.12223]  
CMS-PAS-EXO-19-019  
ATLAS-CONF-2021-025  
[arXiv:1906.05609]  
CMS-PAS-EXO-19-014

[Allwicher, Faroughy, Jaffredo, OS, Wilsch. 2204.XXXXX]  

<latexit sha1_base64="0LZvpwIa9xvUjOl0h+dV2ghlhis=">AAACRXicdVDLTsJAFJ3BF9YX6NJNlZC4Ii0h6pLoxiUm8khoJdPpFCZM28nMlEga/sOt/ozf4Ee4M251Cl0g6E1ucnLOvTfnHo8zKpVlvcPCxubW9k5x19jbPzg8KpWPOzJOBCZtHLNY9DwkCaMRaSuqGOlxQVDoMdL1xreZ3p0QIWkcPagpJ26IhhENKEZKU4+cOyo2HYWSrAelilWz5mWuAzsHFZBXa1CGZ44f4yQkkcIMSdm361y5KRKKYkZmhpNIwhEeoyHpaxihkEg3nduemVXN+GYQC92RMufs8kaKQpkpUo+GSI3kqiinofeflpF/a6u2VHDtpjTiiSIRXrgKEmbqXLLATJ8KghWbaoCwoPoxE4+QQFjpWI3q8il/QrnMf3xaPGkYOlR7NcJ10KnX7Mta475Rad7k8RbBKTgHF8AGV6AJ7kALtAEGAjyDF/AK3+AH/IRfi9ECzHdOwK+C3z/Lq7It</latexit>pp ! ⌧⌧
<latexit sha1_base64="D+k1ctsQWjXMn5jeiURDA9iILX4=">AAACSnicdVDLTsJAFJ0iKtYX6NJNlZC4IIQSoi6JblxiIo+EEjIdbmHCtJ3MTFHS8Clu9Wf8AX/DnXHjFLpA0JuZ5OSce2/uOS5nVKpq9cPIbGW3d3Zze+b+weHRcb5w0pZhJAi0SMhC0XWxBEYDaCmqGHS5AOy7DDru5C7RO1MQkobBo5px6Pt4FFCPEqw0NcgXOHdUaAGUnbLjR/oN8sVqpbooaxPYKSiitJqDgnHuDEMS+RAowrCUPbvGVT/GQlHCYG46kQSOyQSPoKdhgH2Q/Xhx+9wqaWZoeaHQP1DWgl2diLEvE0XqVh+rsVwX5cx3/9MS8m9t/Szl3fRjGvBIQUCWV3kRs3Q0SWrWkAogis00wERQbcwiYywwUTpbs7S6ajilXKYen5cmTVOHaq9HuAnatYp9Vak/1IuN2zTeHDpDF+gS2egaNdA9aqIWIugJvaBX9Ga8G5/Gl/G9bM0Y6cwp+lWZ7A8IX7Ir</latexit>pp ! ee, µµ

<latexit sha1_base64="2/LtXa+njH7eMdpL7NpWG3Ilh9A=">AAACRXicdVDLTgIxFO3gC8cX6NJNlZC4IjOEqEuiG5eYyCNhRtIpHWjodJq2QySE/3CrP+M3+BHujFvtwCwQ9CRNTs65t7nnBIJRpR3n3cptbG5t7+R37b39g8OjQvG4peJEYtLEMYtlJ0CKMMpJU1PNSEdIgqKAkXYwuk399phIRWP+oCeC+BEacBpSjLSRHoXwdAw9jRLo8aRXKDkVZw64TtyMlECGRq9onXn9GCcR4RozpFTXrQrtT5HUFDMys71EEYHwCA1I11COIqL86fzsGSwbpQ/DWJrHNZyryxtTFKnUUWY0QnqoVk01iYL/vFT821s9S4fX/pRykWjC8eKqMGHQ9JIWBvtUEqzZxBCEJTXBIB4iibA2tdrl5a/6YypUlvFpEdK2TanuaoXrpFWtuJeV2n2tVL/J6s2DU3AOLoALrkAd3IEGaAIMJHgGL+DVerM+rE/razGas7KdE/AL1vcPSQix5g==</latexit>pp ! ⌧⌫
<latexit sha1_base64="1kE6m4bDpgO3EtNNRRgTYb+iVi4=">AAACTXicdVDLTgIxFO3gAxxfoO7cVAmJC0IYQtQl0Y1LTOSRMBPSKQUaO52m7RBxwr+41Z9x7Ye4M8YOzAJBT9Lk5Jx7m3uOLxhVulr9sDIbm1vb2dyOvbu3f3CYLxy1VRhJTFo4ZKHs+kgRRjlpaaoZ6QpJUOAz0vEfbxO/MyFS0ZA/6KkgXoBGnA4pRtpI/fyJEK4OIYEuj8pu2Q0iQ/r5YrVSnQOuEyclRZCi2S9YZ+4gxFFAuMYMKdVzakJ7MZKaYkZmthspIhB+RCPSM5SjgCgvnp8/gyWjDOAwlOZxDefq8kaMApU4yowGSI/Vqqmmgf+fl4h/e6tn6eG1F1MuIk04Xlw1jBg07STFwQGVBGs2NQRhSU0wiMdIIqxNvXZp+avBhAqVZnxahLRtU6qzWuE6adcqzmWlfl8vNm7SenPgFJyDC+CAK9AAd6AJWgCDZ/ACXsGb9W59Wl/W92I0Y6U7x+AXMtkfVfWzRA==</latexit>pp ! e⌫, µ⌫

<latexit sha1_base64="5XLLqK5loPYkKlkAIJ0klAmr3xg=">AAACVnicdVBdS8MwFE2r01m/On0UIToGPshYh6iPQ198nOBUWMtIszsXlrYhSYej7Mlf46v+Gf0zYrr1QTe9EHJyzr3hnhMKzpRuND4te2W1tLZe3nA2t7Z3dt3K3r1KUkmhQxOeyMeQKOAsho5mmsOjkECikMNDOLrO9YcxSMWS+E5PBAQReYrZgFGiDdVzD4XwdYIB+1F66p+Cr0l+m1eOem61UW/MCi8DrwBVVFS7V7GO/H5C0whiTTlRqus1hQ4yIjWjHKaOnyoQhI7IE3QNjEkEKshmPqa4Zpg+HiTSnFjjGftzIiORyhVlWiOih2pRVJMo/E/Lyb+1xbX04DLIWCxSDTGdbzVIOTYx5QniPpNANZ8YQKhkxhimQyIJ1SZnp/bzq/6YCVV4fJ6bdBwTqrcY4TK4b9a98/rZ7Vm1dVXEW0YH6BidIA9doBa6QW3UQRS9oFf0ht6tD+vLLtnr81bbKmb20a+y3W9uobTF</latexit>pp ! eµ, e⌧, µ⌧
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Nejc Kosnik slides at Invisibles’22


