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10 years ago!
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SM – quest for high precision  
(theory, experiment) 

New Physics 
Mo<va<ons

Flavour puzzles
LFU tests

Neutrino masses
Dark MaFer

Axions 
Gravita<onal 

waves

SMEFT 

New approches
Asympto<c safe 

unifica<on
Modular symmetry

New Models
SM Extended by New Higgses

LeN -Right Model

Outline

Testable                  
Predic<ons
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What SM cannot explain?

• Neutrino masses and mixings 
• The presence of non-baryonic, cold dark maFer
• Dark maFer is neutral, colourless, non-baryonic, and 

massive. The only such par<cles in the SM are neutrinos, 
(these are too light, warm dark maFer)

• The observed abundance of maFer over an<-maFer

“I would rather have ques<ons that 
can't be answered than answers that 
can't be ques<oned.” 
― Richard Feynman

Unexplained features of the SM 

• The inability to describe physics at Plankian scale
• The structure of fermion masses and mixing
• The smallness of measured electric dipole moments
• The comparable size of 3 gauge couplings
• The quan<za<on of electric charge 
• The number of fermion families

Do we understand this 
mass range?
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Beyond  Standard Model

We do not know what the rules of the game are; all we are allowed to do is to watch the playing. Of 
course, if we watch long enough, we may eventually catch on to a few of the rules. The rules of the game 
are what we mean by fundamental physics. 
                                                                                                                             Richard Feynman 5



ATLAS, Nature, 607, 52–59 (2022)

A great test of the SM

This linear dependence tells us that masses of SM fermions
 (no neutrinos) originate from SM vev. 

Evidence that the Higgs mechanism is  responsible for the 
masses of weak bosons and the third genera<on of fermions!
 

6



Asympto5c UV safe unifica5on of gauge and Yukawa couplings 
Aldo Deandrea

1. Asymptotically Safe (AS) theories with large Nf 
2. AS via perturbative fixed points and Susy 
3. AS via extra compact dimensions

Fixed point

Asympto<c unifica<on is flow towards  UV fixed point

E6: the UV fixed point ↵̃UV = 2/3

<latexit sha1_base64="zTuVTemT5RR8g6A+mA/0eBCdFys=">AAACAXicbVBNS8NAEN34WetX1IvgZbEInmpSK3oRCl48VjBtoQlhs5m2Szcf7G6EEurFv+LFgyJe/Rfe/Ddu2xy09cHA470ZZuYFKWdSWda3sbS8srq2Xtoob25t7+yae/stmWSCgkMTnohOQCRwFoOjmOLQSQWQKODQDoY3E7/9AEKyJL5XoxS8iPRj1mOUKC355qGrGA8Bu4SnA+LnTmuMr3Ht7Nw3K1bVmgIvErsgFVSg6ZtfbpjQLIJYUU6k7NpWqrycCMUoh3HZzSSkhA5JH7qaxiQC6eXTD8b4RCsh7iVCV6zwVP09kZNIylEU6M6IqIGc9ybif143U70rL2dxmimI6WxRL+NYJXgSBw6ZAKr4SBNCBdO3YjogglClQyvrEOz5lxdJq1a169WLu3qlUSviKKEjdIxOkY0uUQPdoiZyEEWP6Bm9ojfjyXgx3o2PWeuSUcwcoD8wPn8AhWCVlg==</latexit>

Only 1 genera<on allowed in the bulk 

• New paradigm for (asympto<c) 
unifica<on (aGUT) 
• A dark MaFer candidate (the 
lightest -field S) 
• Baryogenesis can be reproduced 
(SU(5) model) 
• E6 model allows to unify gauge 
and Yukawa couplings (for one 
genera<on) 
• Lower scale allowed (Model 1) 
from PS breaking (~103 TeV) 
• Two light genera<on predicted 
by gauge anomalies on the SO(10) 
boundary (Model 2, high KK scale 
~1016 GeV)
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Status of Models with Extended Higgs Sectors

Giorgio Arcadi

• Good compromise between theore<cal 
consistency and predic<vity (s<ll limited 
number of free parameters);

• Benchmark for a large variety of collider 
studies;

• Interes<ng Dark MaFer phenomenology.
• Possibility of triggering First Order Phase 

Transi<on (FOPT).

The 2HDM+s and 2HDM+a are very interes<ng BSM benchmarks which can be used to
interpret very different experimental signals. 
Arcadi & collaborators have considered the capability of such models of interpre<ng the 95 GeV excess at LHC.
In 2HDM+a , there is a possibility to reproduce g-2.

8



Direct bounds on Left-Right gauge boson masses
Luiz Vale Silva 

Fermionic sector 

Scalar sector

- Yukawa interactions: Dirac masses for (QL,Φ QR) and (LL,Φ LR)
-(Eff) Non-ren. dim.-5 interactions with SU(2)L and SU(2)R doublets.
- RH neutrinos are introduced (B-L is anomaly free);
- no additional fermion in the simplest version
- In (D), Dirac masses only; in (T), also Majorana masses, see-saw mechanism
- Extension of the PMNS matrix; RH unitary counterpart VRof the 
CKM-like matrix VL in the quark sector
- P: VR ~ VL (manifest); C: VR ~ VL* (pseudo-manifest)

triplet doublet
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New Higgses at the Electroweak Scale and Differen<al Top-Quark Distribu<ons

Andreas  Crivellin

ATLAS analysis normalized to the total cross sec<on
• only sensi<ve to the shape of NP
• NP at small angels can explain deficit at large angles
• Associated produc<on of new scalars decaying to WW and bb has a top-
like signature

Related to the 95 GeV and 151.5 GeV hints?

• S’(95): Singlet decays dominantly to bb
• S(151.5): decays dominantly to WW

Is the 151.5 GeV Boson a Triplet?

Model 
Δ2HDMS
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SM
SMEFT
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pp → ℓ+ℓ−X via γγ and γZ

S. I. Godunov

• It is possible to detect protons in forward 
detectors to reconstruct full kinema<cs.

• Accessible analy<cally with equivalent photons 
approxima<on (EPA).

• Formulae can be easily adopted for new par<cles 
(γ couples to electric charge).

S.

-For ultraperipheral collisions weak interac[on correc[on is negligible.
-Weak interac[on correc[on to the lepton pair produc[on in semi-
exclusive  process gives few percent increase of the produc[on cross 
sec[on.
-When the lower limit on the net transverse momentum of the produced 
pair is set, the correc[on goes up and can reach 20 %.
-Numerical calcula[ons were performed with the help of libepa
(h`ps://github.com/jini-zh/libepa) — a library for calcula[ons of cross 
sec[ons of ultraperipheral collisions (and beyond!) under the equivalent 
photonsapproxima[on.



Bell inequality with top quark pairs

Claudio Severi
Tes<ng QM!

Top spin correla<ons
The weak decays t → Wb, W → ℓν
transfer the spin state to the decay products
Spin is an observable
Tops decay before hadronizing,
behaving like free, spinning par<cles

Entalgment                    Bell viola<on

QM is exactly linear. Usually linear models are 
some “LO” approximation (eg. Maxwell eqns)

“Quantum” observables provide
complementary informa<on to classical ones

A series of studies have suggested a Bell beasurement
is doable at the HL-L
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g-2

Despite officially re[ring from Cornell in 1995, Kinoshita (born 
in Tokyo 1925) remained ac[ve in physics. In 2018, aged 93, 
he published a paper in Physical Review 
D (97 036001) refining his calcula[on of g-2 .His final paper – 
on the general theory of g-2 calcula[ons to all orders –
appeared the following year in Atoms
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Status of muon g-2

15

Christoph Lehner

Experimental status (PRL 131 (2023) 16, 161802)

Status of hadronic light-by-light contribu[on

Systema(cally improvable methods are maturing; uncertainty to aμ  controlled at 0.15ppm; cross-
checks detailed in Theory Ini(a(ve
whitepape

-Short distance window (up to t0 = 0.4 fm) dominated by pQCD; consistency between 
LQCD and LQCD/pQCD
-Intermediate window (t0 = 0.4 fm, t1 = 1.0 fm);consistencybetween different LQCD results 
established
-The long-distance window is at this point not yet independently checked! Only BMW20 
result at sub-percent  precision. This is expected to change in 2024!

The CMD-3, KLOE, 
BaBar  data in e+e- → 
ππ disagree among 
themsels



Electroweak precision physics (mixing angle using laNce input) at 
low energies, running of alpha

theoretically driven prediction for the hadronic contribution to the electromagnetic running 
coupling at the Z scale using lattice QCD and perturbative QCD

Rodolfo Ferro-Hernandez

Mainz Collabora<on

BMW Collabora<on

- Using lattice QCD as input                     is  computed.
- They found a 3𝜎	tension when compared to the result 
using cross section data from e+e−. 
-  As expected the tension is in the same direction as the 
tension in 𝛼. 
- Tension smaller than the precision expected in future PV 
experiments. 
- We computed the correlation of         with both                 
and     . 
- There is consistency between the SM prediction and the 
experimental average of MW2

sin2✓̂W (0)

<latexit sha1_base64="5/L8609GOxTMr4c4Nb3RFCQwDn8=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IR6qUkpaLHghePFewHNDFsttt26WYTdidCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRcmgmtwnG+rsLa+sblV3C7t7O7tH9iHR20dp4qyFo1FrLoh0UxwyVrAQbBuohiJQsE64fhm5ncemdI8lvcwSZgfkaHkA04JGCmwTzSXDzVvRAB7MGJAgk7FuQjsslN15sCrxM1JGeVoBvaX149pGjEJVBCte66TgJ8RBZwKNi15qWYJoWMyZD1DJYmY9rP5+VN8bpQ+HsTKlAQ8V39PZCTSehKFpjMiMNLL3kz8z+ulMLj2My6TFJiki0WDVGCI8SwL3OeKURATQwhV3NyK6YgoQsEkVjIhuMsvr5J2rerWq5d39XKjlsdRRKfoDFWQi65QA92iJmohijL0jF7Rm/VkvVjv1seitWDlM8foD6zPH8+dlLE=</latexit>

ahpvµ
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sin2✓̂W (0)
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↵̂

<latexit sha1_base64="UQkz7qR5cNSQXStkONN6KcXpS/o=">AAACGHicbVDLSgNBEJz1GeNr1aOXwRDQS9wNET0GvHiMYBIhiUvvZOIOzs4uM72BsOQzvPgrXjwo4jU3/8bJ4+CroKGo6p7prjCVwqDnfTpLyyura+uFjeLm1vbOrru33zJJphlvskQm+jYEw6VQvIkCJb9NNYc4lLwdPlxO/faQayMSdYOjlPdiuFdiIBiglQL3tGyEuqt2I0DaxYgjBO1j76RYhqAbZ3d5lA7HxbkLMo0gcEtexZuB/iX+gpTIAo3AnXT7CctirpBJMKbjeyn2ctAomOT27czwFNgD3POOpQpibnr57LAxLVulTweJtqWQztTvEznExozi0HbGgJH57U3F/7xOhoOLXi5UmiFXbP7RIJMUEzpNifaF5gzlyBJgWthdKYtAA0ObZdGG4P8++S9pVSt+rXJ2XSvVq4s4CuSQHJFj4pNzUidXpEGahJFH8kxeyZvz5Lw4787HvHXJWcwckB9wJl+Ic57Q</latexit>
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SMEFT role towards a theory of NP 

Ø New ver5ces: interac[on ver[ces in the SMEFT Lagrangian that do not occur in the SM 
Lagrangian, due to symmetries or accidental reasons. 

Ø New Lorentz structures: interac[on ver[ces that do occur in the SM Lagrangian, but which 
appear in the SMEFT with a different number of deriva[ves, different contrac[ons of Lorentz or 
spinor indices, etc. 

Ø Modified couplings: correc[ons to the coupling strengths of the interac[on terms present in the 
SM Lagrangian. 

There are many ways in which higher-dimensional operators can affect observables. 

Falkowski, 
Eur.Phys.J.C 83 (2023) 7,
656

new heavy par<cle

integrate out 
heavy field

17
SMEFT papers: Manohar et al., 1308.2627, 1309.0819, 1310,4838, 1312.2014

Gauge fields, Higgs

<latexit sha1_base64="f1p5RWkd5N7XhgridqG/x90eWaY="></latexit>

Leff = LSM +
X

d�5

C(d)
k

⇤d�4
O

(d)
k

Warsaw basis, Grzadkowski  et al,  1008.4884 



N = 2499 dim-6 operators that conserve B and L — rich flavor structure! 
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From SMEFT to low energies (LEFT)

How to connect this set-up to low energy observables?

1.   Renormalisa<on group evolu<on  (RGE) running of Wilson coefficents from the 
      matching scale down to electroweak scale; 

2. Below the weak scale                EFT that is an SU(3)c⊗U(1)em gauge theory and contains
     the SM fermions, but not the top quark (H, W, Z, t are integrated out (1908.05295, Dekens&Stoffer)  
 
3. The LEFT Lagrangian consists of QCD and QED  and a tower of addi<onal higher-dimension  effec<ve operators

4.   The matching condi<on at the electroweak scale requires that the LEFT and SMEFT S-matrix                
elements for the light-par<cle processes agree:
                                                     
                                                                 MLEFT =MSMEFT

| | | E
LEFT SMEFT UV

mτ, mb mt
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Flavour Physics
Beauty, Charm, CP violation
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RD(*) puzzle

• RD
exp and RD*

exp : dominated by BaBar!
• In RJ/𝜓exp  and R Λc	

exp limited precision.

-Solu<on for the puzzle  - New Physics (?!)
-Precise knowledge of form factors needed!

<latexit sha1_base64="tRCO7753VOyIf/0KcEQAJaI1/LI="></latexit>

RD(⇤) =
B(B ! D(⇤)⌧ ⌫̄)

B(B ! D(⇤)l⌫̄)

����
l2{e,µ}

0.2 0.4
R(D)

BaBar, had. tag
 0.042± 0.058 ±0.440 

, had. tagaBelle
 0.026± 0.064 ±0.375 

, sl. tagcBelle
 0.016± 0.037 ±0.307 

aLHCb
 0.066± 0.060 ±0.441 

cLHCb
 0.047± 0.043 ±0.249 

Average 
 0.026±0.344 

SM average 
 0.004±0.298 

PRD 94 (2016) 094008 
 0.003±0.299 

PRD 95 (2017) 115008 
 0.003±0.299 

JHEP 1712 (2017) 060 
 0.004±0.299 

EPJC 80 (2020) 2, 74  
 0.003±0.297 

PRD 105 (2022) 034503  
 0.008±0.296 

FNAL/MILC (2015) 
 0.011±0.299 

HPQCD (2015) 
 0.008±0.300 HFLAV

Moriond 2024

0.1 0.2 0.3 0.4
R(D*)

BaBar, had. tag
 0.018± 0.024 ±0.332 

, had. tagaBelle
 0.015± 0.038 ±0.293 

, (hadronic tau)bBelle
 0.027± 0.035 ±0.270 

, sl.tagcBelle
 0.014± 0.018 ±0.283 

aLHCb
 0.024± 0.018 ±0.281 

, (hadronic tau)bLHCb
 0.018± 0.012 ±0.257 

Belle II, had.tag
 0.031± 0.040 ±0.267 

cLHCb
 0.085± 0.081 ±0.402 

Average 
 0.012±0.285 

SM average 
 0.005±0.254 

PRD 95 (2017) 115008 
 0.003±0.257 

JHEP 1712 (2017) 060 
 0.005±0.257 

PLB 795 (2019) 386 
 0.007±0.254 

PRL 123 (2019) 9,091801 
 0.005±0.253 

EPJC 80 (2020) 2, 74 
 0.006±0.247 

EPJC 82(2022) 12,1141 
 0.013±0.265 

EPJC 82(2022) 12,1083 
 0.008±0.275 

arXiv:2304.03137[hep-lat] 
 0.013±0.279 

arXiv:2304.03137[hep-lat] 
 0.022±0.252 HFLAV

Moriond 2024

0.2 0.3 0.4 0.5
R(D)

0.2

0.25

0.3

0.35

0.4

R
(D

*)
HFLAV SM Prediction

 0.004±R(D) = 0.298 
 0.005±R(D*) = 0.254 

68% CL contours

World Average
total 0.026±R(D) = 0.344 

total 0.012±R(D*) = 0.285 
 = -0.39ρ

) = 29%2χP(

aLHCb
bLHCb

cLHCb

bBelle

cBelle

aBelle BaBar

BelleII

Average

HFLAV
Moriond 2024

21

LHCb new results at 
Moriond 2024!



RD(*)   over the years 
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<latexit sha1_base64="dyFeFG6O3GKEGMZH8eqqzyA2hMc="></latexit>

< D(⇤)(p0, (✏))|c̄�µ b|B(p) >=
X

j

Kµ
j Fj(q

2)

1) B → D : one (two) form-factors with f0(0) = f+(0) at q2 = 0;
 La�ce QCD at q2 ≠ q2

max for both form-factors. 

<latexit sha1_base64="2TkOEvdCQc91g3SbsHVHNBeCGhc=">AAAB/XicbVDJSgNBEO2JW4xbXG5eGoMQL2Emxu0gBPTgMYpZIBmHnk4nadLTM3TXCHEI/ooXD4p49T+8+Td2loNGHxQ83quiqp4fCa7Btr+s1Nz8wuJSejmzsrq2vpHd3KrpMFaUVWkoQtXwiWaCS1YFDoI1IsVI4AtW9/sXI79+z5TmobyFQcTcgHQl73BKwEhedufGu7xLBAEYnmO7UDw7zB8deNmcXbDHwH+JMyU5NEXFy3622iGNAyaBCqJ107EjcBOigFPBhplWrFlEaJ90WdNQSQKm3WR8/RDvG6WNO6EyJQGP1Z8TCQm0HgS+6QwI9PSsNxL/85oxdE7dhMsoBibpZFEnFhhCPIoCt7liFMTAEEIVN7di2iOKUDCBZUwIzuzLf0mtWHCOC6XrUq5cmsaRRrtoD+WRg05QGV2hCqoiih7QE3pBr9aj9Wy9We+T1pQ1ndlGv2B9fAONWJNN</latexit>

Rlatt
D = 0.293(5)

If q2 spectrum for l= e,𝜇 
<latexit sha1_base64="Q2Vs0qyKNd8dFqSVc4+5QWD9mbc=">AAACA3icbVDJSgNBEO1xjXGLetNLYxAiQpiJcTsIAT14jGIWSOLQ0+lJmvQsdNeIYQh48Ve8eFDEqz/hzb+xk8xBEx8UPN6roqqeEwquwDS/jZnZufmFxdRSenlldW09s7FZVUEkKavQQASy7hDFBPdZBTgIVg8lI54jWM3pXQz92j2Tigf+LfRD1vJIx+cupwS0ZGe2b+zLu1gQAHzAHkI8OMdmvnB2lDvctzNZM2+OgKeJlZAsSlC2M1/NdkAjj/lABVGqYZkhtGIigVPBBulmpFhIaI90WENTn3hMteLRDwO8p5U2dgOpywc8Un9PxMRTqu85utMj0FWT3lD8z2tE4J62Yu6HETCfjhe5kcAQ4GEguM0loyD6mhAqub4V0y6RhIKOLa1DsCZfnibVQt46zhevi9lSMYkjhXbQLsohC52gErpCZVRBFD2iZ/SK3own48V4Nz7GrTNGMrOF/sD4/AEzYZVB</latexit>

Rlatt+exp
D = 0.295(3)

2) B → D*: three (four) form-factors; 
First la�ce results at q2 = ̸q2

max ! Tensions with B → D*lν ̄ exp. 
data

JLQCD, R(D*)=0.252 ± 0.022,  Y.Aoki et al.2306.05657 independent LQCD results + Belle-II data needed!

<latexit sha1_base64="bJhnqJnBfsLJe/L+qay1Q2R5ie4=">AAACGnicbVDLSgMxFM3UV62vqks3wSKIjzIzFHUjFHXhsoJ9QB9DJs20ocnMmGSUMsx3uPFX3LhQxJ248W9Mp11o64F7OZxzL8k9bsioVKb5bWTm5hcWl7LLuZXVtfWN/OZWTQaRwKSKAxaIhoskYdQnVUUVI41QEMRdRuru4HLk1++JkDTwb9UwJG2Oej71KEZKS07eejiHLU8gHHPnomMfcie+6hwkHRse33XsJLZbR1A7aU+dxMkXzKKZAs4Sa0IKYIKKk/9sdQMcceIrzJCUTcsMVTtGQlHMSJJrRZKECA9QjzQ19REnsh2npyVwTytd6AVCl69gqv7eiBGXcshdPcmR6stpbyT+5zUj5Z21Y+qHkSI+Hj/kRQyqAI5ygl0qCFZsqAnCguq/QtxHOiil08zpEKzpk2dJzS5aJ8XSTalQLk3iyIIdsAv2gQVOQRlcgwqoAgwewTN4BW/Gk/FivBsf49GMMdnZBn9gfP0AgzGeow==</latexit>

w =
m2

B +m2
D⇤ � q2

2mB mD⇤

There are s<ll some issues!
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<latexit sha1_base64="toNc9ZnyTQ58h3/kWkc1UZ87l2c="></latexit>

Lcc = �2
p
2GFVcb

h
(1 + gVL) (c̄L�µbL)(¯̀L�

µ⌫L) + gVR (c̄R�µbR)(¯̀L�
µ⌫L)

+ gSR (c̄LbR)(¯̀R⌫L) + gSL (c̄RbL)(¯̀R⌫L) + gT (c̄R�µ⌫bL)(¯̀R�
µ⌫⌫L)

i
+ h.c.

RD(*)  explanation –scalar leptoquarks 

<latexit sha1_base64="tSWiY/nIrSi9B4E55w+oIauPgg0="></latexit>

U1 = (3, 12/3) : gV L, gSR

R2 = (3, 2, 7/6) : gSL = 4gT ,

S1 = (3̄, 1, 1/3) : gSL = �4gT , gV L

R̃2 = (3, 2,�1/6)
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Right-handed neutrino
only  S1 explains RD(*)

R2 = (3, 2, 7/6)
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simple V-A picture is not working
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minimal set of couplings



Marco  Fedele

Form factors expansion  
with the leading Isgur-Wise func[on ξ(w) 
in αs 1/mb,c

If the FF predic<on for        and        
does not reproduce data, this cannot 
be fixed by introducing NP effects in 
light leptons as could be done for R(D*)

F l
L
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AFB and FL
D* observables in B → D* l 𝜐, 𝑙 = 𝑒, 𝜇
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• Theory predic<on             and          are strongly correlated to RD(*), can be 
modified by new physics , the former are strongly NP insensi<ve.   
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• Theory determinations of FF should take in great attention their implications 
of the prediction             and        , and consequent impact on extraction of Vcb
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Iguro-Watanabe approach: expand each of the 10 
I-W functs. as a power of, and fit to theory (LCSR 
and QCDSR) and experiment data up to a different 
order  for each of the func[ons, selected by 
goodness-of-fi
 

2305.15457, M. Blanke, A. Crivellin, S. Iguro, U. Nierste, S. Simula & L. Vigori

• Recent determina<on of           and           from Belle and Belle II already 
have high precission   
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RK(⇤) =
B(B ! K(⇤)µµ)

B(B ! K(⇤)ee)

In this work, at low energies, we focus on leptonic and semileptonic B-meson decays
with the underlying b ! q`` transitions with q = d, s and ` = e, µ. In general, these can
be classified according to the final state as B ! ``, B ! P `` and B ! V `` decays, with
B denoting any charged/neutral B meson and P (V ) denoting a pseudoscalar (vector) final
state meson. Observables belonging to each of these classes are implemented in a general
way in the flavio.physics.bdecays submodule, from (differential) branching ratios, to
various CP-violating and angular observables. The short-distance contributions to each
observable include the SM contributions, as well as the model-independent contributions in
the WET at the scale of µ = 4.8 GeV, with the weak effective Hamiltonian defined as

He↵ = HSM
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The semileptonic operators of interest are defined as
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P = mb(q̄PLb)(¯̀�5`) . (2.5)

The contributions of the four-quark operators O1,2 and penguin operators O3...6 are absorbed
in the usual way into the effective coefficients Ce↵

7,8,9(q
2). We assume they do not receive

NP contributions and are hence part of HSM
e↵ . Furthermore, we do not consider NP in the

dipole operators O7,8. As for the non-perturbative quantities, the meson decay constants
and the form factor fit parameters are defined in the flavio database of theory parameters.
In contrast, the functional forms of the various form factor parameterizations are defined
in the same sub-module as the predictions themselves.

Next, we summarise the b ! q`` observables of interest in this analysis. The b ! sµµ

sector contains by far the most experimental and theoretical activity in recent years, fostered
by the so-called B-anomalies in various branching ratios of B ! K(⇤)µµ, Bs ! �µµ,
⇤b ! ⇤µµ and Bs ! µµ, as well as in angular observables such as P 0

5, and the LFU
ratios RK(⇤) (recently resolved in [14, 15]). In b ! see there are only a few measurements
available: the upper limit on branching ratio of the leptonic decay Bs ! ee by LHCb [71],
the inclusive differential branching ratio measurement of B ! Xsee by BaBar [72] and
measurement of B ! K⇤ee at very low q2 by LHCb [73]. The last one is particularly
sensitive to effects of the dipole operator O7 and we do not consider it further. In b ! dµµ

there are upper limits on the branching ratio of B0 ! µµ reported by LHCb [8, 9], CMS
[46] and ATLAS [74], as well as the LHCb measurements of the differential branching ratio
of B+ ! ⇡+µµ [75] and a total branching ratio of Bs ! K⇤0µµ [76]. In b ! dee there are
only two measurements available: the upper limit on B0 ! ee by LHCb [71] and the upper
limit on B ! ⇡ee by Belle [77].

Among the measurements reported above, only a few were missing in flavio, namely,
we added the measurements of B ! ⇡µµ (in the bins of q2 = [2, 4], [4, 6], [15, 22] GeV2),

– 5 –

In this work, at low energies, we focus on leptonic and semileptonic B-meson decays
with the underlying b ! q`` transitions with q = d, s and ` = e, µ. In general, these can
be classified according to the final state as B ! ``, B ! P `` and B ! V `` decays, with
B denoting any charged/neutral B meson and P (V ) denoting a pseudoscalar (vector) final
state meson. Observables belonging to each of these classes are implemented in a general
way in the flavio.physics.bdecays submodule, from (differential) branching ratios, to
various CP-violating and angular observables. The short-distance contributions to each
observable include the SM contributions, as well as the model-independent contributions in
the WET at the scale of µ = 4.8 GeV, with the weak effective Hamiltonian defined as

He↵ = HSM
e↵ � 4GFp

2

e2

16⇡2

X

q=s,d

X

`=e,µ

X

i=9,10,S,P

VtbV
⇤
tq(C

bq``
i Obq``

i + C 0bq``
i O0bq``

i ) + h.c. . (2.1)

The semileptonic operators of interest are defined as

Obq``
9 = (q̄�µPLb)(¯̀�µ`) , O0bq``

9 = (q̄�µPRb)(¯̀�µ`) , (2.2)

Obq``
10 = (q̄�µPLb)(¯̀�µ�5`) , O0bq``

10 = (q̄�µPRb)(¯̀�µ�5`) , (2.3)

Obq``
S = mb(q̄PRb)(¯̀̀ ) , O0bq``

S = mb(q̄PLb)(¯̀̀ ) , (2.4)

Obq``
P = mb(q̄PRb)(¯̀�5`) , O0bq``

P = mb(q̄PLb)(¯̀�5`) . (2.5)

The contributions of the four-quark operators O1,2 and penguin operators O3...6 are absorbed
in the usual way into the effective coefficients Ce↵

7,8,9(q
2). We assume they do not receive

NP contributions and are hence part of HSM
e↵ . Furthermore, we do not consider NP in the

dipole operators O7,8. As for the non-perturbative quantities, the meson decay constants
and the form factor fit parameters are defined in the flavio database of theory parameters.
In contrast, the functional forms of the various form factor parameterizations are defined
in the same sub-module as the predictions themselves.

Next, we summarise the b ! q`` observables of interest in this analysis. The b ! sµµ

sector contains by far the most experimental and theoretical activity in recent years, fostered
by the so-called B-anomalies in various branching ratios of B ! K(⇤)µµ, Bs ! �µµ,
⇤b ! ⇤µµ and Bs ! µµ, as well as in angular observables such as P 0

5, and the LFU
ratios RK(⇤) (recently resolved in [14, 15]). In b ! see there are only a few measurements
available: the upper limit on branching ratio of the leptonic decay Bs ! ee by LHCb [71],
the inclusive differential branching ratio measurement of B ! Xsee by BaBar [72] and
measurement of B ! K⇤ee at very low q2 by LHCb [73]. The last one is particularly
sensitive to effects of the dipole operator O7 and we do not consider it further. In b ! dµµ

there are upper limits on the branching ratio of B0 ! µµ reported by LHCb [8, 9], CMS
[46] and ATLAS [74], as well as the LHCb measurements of the differential branching ratio
of B+ ! ⇡+µµ [75] and a total branching ratio of Bs ! K⇤0µµ [76]. In b ! dee there are
only two measurements available: the upper limit on B0 ! ee by LHCb [71] and the upper
limit on B ! ⇡ee by Belle [77].

Among the measurements reported above, only a few were missing in flavio, namely,
we added the measurements of B ! ⇡µµ (in the bins of q2 = [2, 4], [4, 6], [15, 22] GeV2),

– 5 –

<latexit sha1_base64="o5i0LHXgNcwlLLK1LeWMxQNlEz0="></latexit>

RSM
K(⇤) = 1.00(1) Bordone et al., 1605.07633 CSM

7 = 0.29; CSM
9 = 4.1; CSM

10 = �4.3;

Buras et al.,hep-ph/9311345;
Altmannshofer et al., 0811.1214; 
Bobeth et al., hep-ph/9910220

It is important that LFU (e,𝜇)	holds! 	 − RK(∗)
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• Leading-log running in SM gauge couplings gives

*In general, sum over lepton flavors . For third-family NP, we take just .α α = 3

[Bobeth, Haisch, 1109.1826; Crivellin et al., 1807.02068; Algueró et al., 1809.08447]

Connection:  and universal b → cτν b → sℓℓ
• Some vector semi-leptonics that explain the charged-current anomalies give 

a flavor universal effect in  via RGE:b → sℓℓ

⟹ → ΔCU
9 = CU

9 − CSM
9

RGE

τLbL

τLsL
⟹

SU(2)L

τLbL

νLcL

Ben A. Stefanek | ĲS-FMF High-energy Physics Seminar

Universal contribution to C9

Bobeth, Haisch, arXiv:1109.1826; Crivellin et al., arXiv:1807.02068, Algueró et al., 1695189 
 

Universality in μ e is well established
 ( at  ~ 5% level)

Angular observables, P5’ s<ll remains 
(Descotes-Genon et al., 1207.2753, Ma(as et al., 
1202.4266).

S<ll an issue
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b→ 𝑠	𝜇𝜇	transition

Operators mix under running 



Theoretical predictions for 𝑏 → 𝑠𝜇+𝜇−

Tensions in 𝑏 → 𝑠𝜇+𝜇−

Independent on LFU in RK(*)

Local and non-local operators 
Hard and soN gluons 
are included in the 
calcula<on
Non-perturba<ve 
hadronic contribu<ons

non-local effects 
cannot explain 
this tension

• improved parametriza[on for local contribu[on         with unitarity bounds combine LQCD 
(and LCSRs) in  B  → K (*)𝜇+𝜇− ,   Bs  →𝜙 𝜇+𝜇−
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• new theore[cal predic[ons for              (besed on OPE and B  → K (*) J/𝜓𝜇+𝜇−       

• new and precise SM predictions B  → K (*)𝜇+𝜇− ,   Bs  →𝜙 𝜇+𝜇−  
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Precision b → sγ

Kay Schoenwald

1. Generate all diagrams and express the amplitudes in terms of four-
loop two-scale scalar integrals with unitarity cuts.
2. Reduce to master integrals with the help of Integra[on-By-Parts(IBP).
3. Using the IBP reduc[on we can find a system of differen[al equa[ons

4a. Solve the master integrals numerically with boundary values 
obtained for z → ∞.
4b. Calculate the master integrals numerically at the physical point with 
AMFlow

Wilson coefficent at hard scale C7(mW)

Inami, Lim
Misiak, Steinhauser

Experimental:

Theore[cal  (Misiak et al, 2020)

Higher order               parametric and non-perturba(ve

Interprate the cut diagram as vertex correc(ons

28



• Ref. [3] = Janowski, Pullin , Zwicky , JHEP ’21 , light-cone sum rules.
• Ref. [4] = Kozachuk, Melikhov, Niki(n , PRD ’18 , rela(vis(c dispersion rela(ons.
• Ref. [5] = Guadagnoli, Normand, Simula, Vigorio, JHEP ’23, VMD/quark-model/lasce.

B → 𝜇 + 𝜇 − 𝛾  at large q2 from laNce QCD

Giuseppe Gagliardi

• The B → 𝜇 + 𝜇 − 𝛾 allows for a new test of the SM predic<on 
      b → s FCNC transi<on
• Despite O(𝛼𝑒𝑚)	suppression	 in comparison with B → 𝜇 + 𝜇 − 

removal of helicity suppresion makes these rate comparable in 
magnitude

•  At very high invariant mass of 𝜇 + 𝜇 −, penguin operators 
appearing in WET , which are too difficult to compute on the 
la�ce (but they are suppressed [Guadagnoli at al, 2017])
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Looking for new physics through decays b → s ν ν-

Olcyr Sumensari
Form factors – issue again!
CKM matrix element dependent

Buras et al.,1409.4557,
Altmannshofer et al., 0902.0160
Buras, 2209.03968

<latexit sha1_base64="dblQwwSD4PGeVKKUmaS21PeYml8="></latexit>

B(B± ! K±⌫⌫) = (4.44± 0.30)⇥ 10�6 ,

B(B± ! K±⇤⌫⌫) = (9.8± 1.4)⇥ 10�6 ,
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RK(⇤)

⌫⌫ = B(B ! K(⇤)⌫⌫̄)/B(B ! K(⇤)⌫⌫̄)SM
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RK
⌫⌫ = 5.4± 1.5 Belle II 2023

2311.14647

A new anomaly? 2.7 𝜎	larger	then	SM	prediction

BR(B+ ! K+⌫⌫̄) = (2.3± 0.5+0.5
�0.4)
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Assuming SM neutrinos a large contribu<on to 
the right-handed quark operator necessary!

Allwicher et al, 2309.02246

- for two inisible scalars
or fermions m𝜒 = 610	𝑀𝑒𝑉
Bolton et al. ’24

NP in Possibility for new physics through decays b → s ν ν-

Searching for explana(on in NP 
Bause et al.,  2309.00075, Allwicher et al, 2309.02246   Felkl et al., 2309.02940, 
He et al., 2309.12741,  Altmannshofer et al. 2311.1469, Alonso-Alvarez et al. 
2310.13043, Bolton, SF,  Kamenik, Novoa-Brunet 2403.13887,… 31

B → KX
B  →K νLνR
B→K 𝜒𝜒
B→K𝜙𝜙
Bolton, SF,  Kamenik, 
Novoa-Brunet, 2403.13887

- two-body decay, best 
fit point  (2.8 𝜎)
 mX ~	2 GeV

Invisible sector?



Charm CP viola5on and searches

Stefan Schacht Unique gate to flavour structure of up-type quarks

The problem: Is it SM?

Direct CP Viola<on is an Interference Effect

Prediction from SM CKM

Solving the Problem of Higher Order U-spin

Theorems enabling calculations to arbitrary order.
• We are able to determine a priori up to which order sum rules exist.
• We do not need explicit Clebsches. Big complexity reduction.
• Hope: Opens the door for precision in hadronic multi-body decays.

Gavrilova Grossman Schacht, 2205.12975
32



Resonances in D0→ π+π-l+l-  & sensi/vity to New Physics
EleNheria Solomonidi

c → u l+l- GIM and CKM suppression at work  

D0→ π+π-l+l-  : 
plenty of angular observables

Significant improvement with
S-wave inclusion (~20% of total Br)

Inclusion of S-wave improves the SM-exp agreement & gives 
access to new observables that can help probe NP 33



Unitarity Triangles and CP viola5on

Amarjit Soni
• Mo[va[on: It is exceedingly important to
determine UTs as precisely as possible….
• Progress in laxce eps’….implica[ons for both
• UTs though crucial for KUT
• K UT
• B UT: esp gamma

• Naturalness assumed throughout:
• eps’: Periodic Boundary Condi[on appear promising
 [with RBC-UKQCD]
•  Improving LD contribu[on to K+→ π+  𝜈𝜈[with Enrico
Lunghi]
• K0→ π0 𝜈𝜈	: should help significantly in constraining the
extremely challenging gold plated mode: KL → π0 𝜈𝜈	.
[with Stefan Schacht]
Reg gamma : [ADS revisit] path involving one π0 stressed
esp. promising for Belle-II.May be also for LHCb.

2306.06781 behind current RBC/UKQCD-PBC effort is
Masaaki Tomii 

• Showed how using 𝜖’ + 𝜖 + Br (K+→ π+  𝜈𝜈) can construct the K-UT
•  Also K0→ π0 𝜇𝜇	input from LHCb, JPARC, pheno and laxce should provide
• important constraints for the gold plated KL → π0 𝜈𝜈	mode being pursued by
       the KOTO expt @ JPARC
• UT gamma: D0 Dalitz decays with 1 pi0 in FS ….Belle-II, LHCb
• UT gamma: ADS PRD method should also be used => v likely get improve results

𝜇𝜇
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Neutrino masses and mixing angles

35



Neutrino masses 

1. New chiral fermions include in the SM. Mass generated by Higgs Yukawa, aNer electroweak symmetry breakig  
     Dirac mass.

2. New  Higgs boson (a new source of electroweak symmetry breaking) contribu<ng only to neutrino masses.

3. New source of mass in the SM. In the SM all masses are ppropor<onal to electroweak symmetry breaking. 
In the limit v        0 all SM par<cles are massless.  

4. Neutrino masses signals a new mass scale. Neutrino masses are consequence of two symmetry-breaking scales .
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Stephen King
Neutrino mixing sum rules

PMNS matrix

-Mixing sum rules are relics of simple PMNS matrices enforced by remnant symmetry which 
allows non-zero  sin 𝜃13and predicts  cos 𝛿	(not δ	)
-Solar sum rules from charged lepton correc[ons to simple PMNS matrices -Atmospheric 
sum rules from first/second column of simple PMNS matrix 
-RG correc[ons can be small (NH) or large (2HDM, large ) 
-Future precision experiments will test sum rules and the symmetry approach

Diagonal charged lepton, Klein neutrino symmetry
Solar sum rule

Atmosferic sum rules

First o second column of PMNS matrix preserved

Global fits
(Pre-Nove/T2K)
3𝜎 ranges

Non-Abelian family symmetry
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Michael Ratz

Modular Flavor Symmetries 

The structure of fermion masses and mixing

Neutrino mass in tradi[onal A4 models

Neutrino mass in a ”modular” A4 models

Highly predictive 

Typical model

Modular invariant holomorfic observables 

Iij are fullt determined by masses and mixing angles and phases

38

-Bo`om-up construc[ons may face problems in the UV
-Couplings are modular forms in a large class of string 
compac[fica[ons
-Eclec[c flavor symmetries
-Modular flavor symmetries arise from magne[zed tori
-Top-down mechanisms to stabilize τ are in qualita[ve agreement 
with τ values required by phenomenological fits



Probing the heavy neutrino hypothesis

Xabier Marcano

Discriminate between neutrino mass models (low-scale seesaws)

Please provide sensi<vi<es on (also) for each flavor channel individually 
| UαN |2×BR
E.g. in trilepton searches for : 
- UμN - Limits only from channel (to-do) μμμ
- Limits only from channel (to-do) eμμ
- Combined results (done)

39



Pheno & cosmo implica<ons of scotogenic 3-loop neutrino mass models

Tessio DE MELO

Z2 symmetry forbids tree level Dirac mass term
U(1)’( global)symmetry forbids 1- and 2-loop mass 
terms

Radia%ve seesaw models are well mo%vated and testable 
extensions of the SM
❖ We discussed 2 examples of scotogenic models in which 
neutrinos masses are generated at the 3-loop level
❖ The 3-loop suppression allows the new par(cles to have masses 
in the TeV scale
without fine-tuning the model parameters
❖ Fermionic or scalar DM can easily be accommodated; stability is 
ensured by the same symmetries involved in the genera(on of 
neutrino masses
❖ Depending on the realiza(on, the models are capable of 
accoun(ng for specific problems; here we discussed the W mass 
anomaly and baryogenesis
❖ These models lead to sizable cLFV rates which are within the 
sensi(vity of future  facili(es
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Dark Matter, axions, 
gravitional  waves 

41
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Status of Dark Photons

Jim Cline

Dark photon can func[on as:
• dark ma`er
• dark force mediator
• both!

-Dark photons: an extremely rich field, theore[cally and
experimentally
-Dark photons can be dark ma`er or enable DM
-They can explain anomalies: (g − 2)μ, EDGES 21 cm dip,
CDM small scale structure, SMBH mergers . . .
-Huge parameter space: consistency of UV comple[ons with
gravity can provide guidance
- E.g., Stueckelberg mass mechanism does imply new heavy
physics at some scale, implies UV cutoff
-Higgs mass mechanism can lead to much stronger
constraints

String theore[c origin of	ϵ	

Origin of m Aʹ: Higgs or Stueckelberg



Jan Heisig
Flavoured Dark Ma^er and and LHC signatures

-simplified Dark Ma`er model in the Dark Minimal Flavour Viola[on framework. 
-model complements the Standard Model with a flavoured
-Dark Ma`er Majorana triplet and a coloured scalar mediator

𝜙 = (3,1,2/3)

• Flavor constraints from D-meson mixing
• Direct detec[on constraints from LZ
• Indirect detec[on from AMS-02 cosmic-ray an[protons
• Relic density

Flavored Majorana Dark Mager:
▪ Large regions of viable parameter space
▪ Canonical and conversion-driven freeze-out
▪ Current gaps in LHC searches:
▪ Complex decay chains
▪ Long-lived par(cles (intermediate life(mes)
▪ Majorana-specific signatures
▪ Same-sign tops suffer from extra jets required
▪ Single-top charge asymmetry 43
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Majorana mass genera5on, GWs and cosmological tensions

Pasquale Di Bari

• The genera[on of Majorana mass might lead to the produc[on of a
stochas[c GW cosmological background in the early universe at   the seesaw scale or 
scales in the case of a mul[ple majoron model
•  The split majoron model can mo[vate a modifica[on of pre recombina[on
era and be related to the genera[on of a light  Majorana mass
•  It can alleviate cosmological tensions and might solve a poten[al
deuterium problem that might be regarded as a kind of signature of the model.
•  At the phase transi[on GWs can be generated with a spectrum
that can peak in the NANOGrav frequencies
•  It cannot explain the whole signal, but it might contribute
marginally in addi[on to SMBH binaries, and one can hope its
contribu[on could be disentangled if SMBH binary spectrum will
be be`er understood

canonical
seesaw
scale

mini-seesaw 
scale
or dark sector
low scale

Minimal model: one scalar, the GW signal turns out to be a few orders of magnitude below the experimental 
sensi[vity of any experiment
The  addi[onal real scalar field 𝛈 also undergoes a phase transi[on se`ling to its true vacuum prior to the 𝜑 phase 
transi[on



Destabilizing Ma^er through a Long-Range Force
Hooman Davoudiasl

- Ultralight scalar ϕ
- Can be sourced by astronomical objects
- Long range force: local background effects
- Like an electric or gravita[onal field

New light physics can affect nucleon decay

dim-7 

Neutron Star Hea<ng via Nucleon Decay

45
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Gravitational Waves from Graviton Bremsstrahlung during Reheating

Nicolas Bernal

• Rehea[ng happens a�er cosmic infla[on
•  Irreducible GW background produced during cosmic rehea[ng
       * rehea[ng dynamics (inflaton poten[al)
       * inflaton dynamics (decay or annihila[on)
       * inflaton – ma`er coupling
•  Quadra[c poten[als: Very large M and Trh
•  Steeper poten[al: significant boost for bosonic rehea[ng
        * not that large M and Trh
• Decay & annihila[on: Possible boost of GW spectrum
• Rehea[ng could be probed by graviton Bremsstrahlung

Gravitons → massless spin-2 par[cles

Perturba[ons of the metric

Graviton – ma`er interac[on

Graviton emission suppressed by 1/MP
2

* Inflaton decays or annihila[on
* Inflaton poten[al during rehea[ng
* Possible non-perturba[ve effects: Prehea[ng
- fermions: Fermi blocking
- scalars: quar[c couplings avoid tachyonic instabili[es
- prehea[ng not efficient in this setup
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Signals of boosted dark ma^er and neutrinos

Takashi  Toma

Thermal dark maFer (WIMPs)

WIMP is thermalized with SM par<cles in early universe

Almost independent on DM mass
Mass range: 10 MeV − 100 TeV

-

1. Direct detec<on experiments impose the strong bound on (minimal)
thermal DM models.
2. v suppressed cross sec<on naturally evades the bound.
3. Such kind of DM can be searched if it is boosted somehow.
4. 4χχ → νχ induces two dis<nc<ve gnals, which can be searched by
DUNE, or combining DUNE and SK/HK/IceCube.



Hyungin Kim

Probing ultralight Dark Ma^er in gravity wave detectors 

Recent numerical simula[ons of ultralight dark ma`er halo have observed an order one density fluctua[on all over galaxies

The constraints and projecPons 
on dark maRer   density in the 
solar system. Here ρ0 = 0.4 
GeV/cm3

Can we actually measure ULDM signals with GW interferometers?

all of the results shown here are sensi[ve to ULDM density around/within the solar system

PTA might reach to a factor few (mes local DM density in next decades

The red line shows the 95% 
constraints on the dark mager density
near the solar system derived by 
analyzing the NANOGrav 12.5-year data set.
All the constraints are normalized to ρ0 = 0.4 GeV/cm3 
 
-the impacts of ULDM low- frequency stochastic 
fluctuations on pulsar timing observations and derived 
the overlap reduction function and the timing residual 
power spectrum induced by these fluctuations. 
-these stochastic fluctuations allow us to probe ULDM in 
a mass range approximately six orders of magnitude 
higher than usual searches based on coherent ULDM 
oscillations 
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Axions review

Pierre  Sikivie

The Strong CP Problem

The absence of P and CP viola<on in the
strong interac<ons requires

from NEDM

UPQ(1), Peccei and Quin, 1977

• is a symmetry of the classical ac<on
•  is spontaneously broken
• has a colour anomaly

and a light neutral pseudoscalar
par[cle is predicted: the axion.

Axions are constrained 
• beam dump experiments
•  rare par[cle decays (K→ 𝜋a)
•  radia[ve correc[ons (g-2)𝜇
• the evolu[on of stars

• Axions solve the strong CP problem
• A popula[on of cold axions is naturally produced
in the early universe which may be the dark
ma`er today
• Axion dark ma`er is detectable
• Axion dark ma`er has dis[nc[ve proper[es in
large scale structure forma[on

Axion constraints



MaFhias Neubert

Axions and axion-like par5cles (ALPs)

Peccei—Quinn solution to strong CP problem, 1977

• More generally, ALPs arise as pseudo Nambu—Golstone bosons 
       of spontaneously broken global U(1) symmetry 
•  Axion mass and couplings to Standard Model are inversely proportional to 
•  For heavier ALPs, couplings to particles other than the 
        photon can be probed in particle-physics experiments

Cornella, Galda, MN, Wyler (2023)
Bauer, MN, Renner, Schnubel, Thamm (2021)

Axions and axion-like par<cles belong to a class of well-mo<vated light 
BSM par<cles with weak couplings to the Standard Model 
• They are interes<ng targets for searches in high-energy physics, 
using collider, flavour, and precision probes 
• Rare meson decays have been discussed in detail, with the process 
provides the strongest par<cle-physics bounds (for ma < 340 MeV)
 on almost all ALP couplings to the SM 50
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Future 21cm Constraints on DM Energy Injec5on

Laura Lopez Honorez

Cosmology Probes of DM energy injec<on

ALP decays into 2 photons

Dark ma`er energy injec[on through decays imply
rather late [me (later than WIMP) enhancement of
ioniza[on and IGM temperature.
Low z data such as 21cm power spectrum measurements
might become a key probe for decaying DM
• We forecast HERA sensi[vity with 331 antennas
under deployment in South Africa and taking data.
• Expected to surpass CMB/ Lyman-α sensi[vity
and reach τDM > 1027−28 s.
• DM annihila[on is the next step, checking the
impact of the B(z).
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Many thanks to presenters at Young Scien5sts Forum

Riccardo BARTOCCI: Global analysis of the minimal MFV SMEFT

Joshua LOCKYER: Exploring near-conformal Hidden Valley theories

David CABO: Exploring t-Channel Models for Dark MaAer

Victor ENGUITA VILETA: nEDM limits on ALP couplings to fermions

Daniel NAREDO:New global bounds on heavy neutrino mixing
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Goals

Experiment

La�ce QCD

Higher orders 
correc<ons
 

Precision Tes<ng everything 
 LFU, BNV, … 

NP Models 
NP Theories

Intermediate 
steps  towards NP 

SMEFT 

Dark MaFer, axions, GV - very ac<ve field 
with the bright future! 

Understanding 
Fermion mass 

spectrum 

Outlook



We absolutely must leave room for doubt or there is no progress and no learning. 
There is no learning without having to pose a ques<on. And a ques<on requires 
doubt. People search for certainty. But there is no certainty. Richard P. Feynman

54

Thank you!


