
 

35 years of b→sℓ+ℓ-: from Charged Higgses to 
Leptoquarks and back to the SM



 

The Early Days



 

The Early Days
● The full matching of 

DF=2 and of FCNC Z, g 
and gluon couplings is 
computed, and 
constraints are derived



 

The first paper on b→sℓ+ℓ-

● The calculation in 
the thesis is 
extended to 
b→sℓ+ℓ- 



 

The NLO days
● Then comes Guido with an easy proposal, to be 

completed in a few weeks: upgrade all this to NLO 
in QCD

● A few years of two-loop calculations carried out 
running Schoonship on an Amiga in Bologna 
followed; I remember the hot summer afternoons 
in Enrico’s office at the first floor, where we 
absorbed heat until the very last sun ray of the 
day...



 

The NLO days
● In the winter of 1994/95, Marco and I went to CERN to work with Guido. We were in Guido’s 

office on a Saturday afternoon, running the code that performed the prediction of e /e’  at NLO. 
Disk space was precious, so Marco’s work chain was:

1) edit the source;

2) compile;

3) delete auxiliary files;

4) run.

● As the afternoon went by, Marco became quicker and quicker in typing the corresponding 
commands

● At some point, typing at supersonic speed, he added an extra space at step 3), turning an rm 
*.o into an rm * .o

● The rest of the weekend was happily spent rewriting all the modifications we made in the last 
few days (fortunately there was a backup copy from the days before our trip to CERN); luckily 
this happened before Guido was back at work on Monday morning...



 

Antonio: “this is
clearly a fake 
message. Someone
is making fun of us.
Must be Ciuchini…
In any case, DO
NOT REPLY.”

Antonio a few years later: “there are two classes of people whose emails don’t
get answered: students, because you think they are irrelevant, and Nobel prizes,
since you think it’s a joke...



 

The Charming Penguins Days
● Guido already told you everything about 

charming penguins; what is relevant for this 
talk is that for a while, during the B-
factories era, we were fighting with (QCD) 
factorization practitioners who claimed the 
presence of NP in hadronic b→s penguins 
such as B→Kp, forgetting about corrections 
to the infinite B mass limit



 

ICHEP in Amsterdam, 2002



 

● Being tired of these discussions, we decided it was more fun to find new 
ways to extract short-distance information by determining hadronic 
matrix elements from data:



 

CKM 2005, San Diego



 

In the meantime, people started applying QCD factorization 
to b→sℓℓ decays, forgetting again about power corrections...



 

… but again we had 
more interesting 
things to do than 
reminding those fans 
of QCD factorization 
about charming 
penguins...



 

P5’
● While we were working on the physics of super-B factories, and on 

the SUSYfit project, the so-called “optimized observables” for 
B→K(*)ℓℓ decays were proposed and measured, and of course they 
deviated from the SM “predictions”:

● This forced Marco to go back to his beloved b→sℓℓ transitions...
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LUV & LEPTOQUARKS
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LUV & LEPTOQUARKS
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LUV & LEPTOQUARKS
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La Thuile, 9/3/22

ONE-DIMENSIONAL NP 
SCENARIOS

● Dramatic effect of 
charming penguins on the 
C9NP scenario

● Moderate effect on CLQ, 
small effect on C10NP

● Using IC=-2<logℒ>+4s2logℒ, 
C9NP is largely preferred 
using LCSR + analyticity, 
while CLQ and C10NP are 
preferred with more 
conservative assumptions
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La Thuile, 9/3/22

TWO-DIMENSIONAL NP 
SCENARIOS

Inference on NP coefficients depends on assumptions on charming penguins. 
In Data Driven fit, DIC similar to 1D CLQ and C10NP scenarios.
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LUV went away...

M. Valli @BFA24
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M. Valli @BFA24
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...but the new physics hunger 
didn’t...
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The LHCb Miracle
● If you are clever enough, and you ask the 

right people, you can determine separately 
two things that have the same quantum 
numbers and are undistinguishable: C9 and 
the long-distance contribution...
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M. Valli @BFA24
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M. Valli @BFA24



47

 

M. Valli @BFA24
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M. Valli @BFA24
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Triangles, triangles
● While smart people as Silvano and Melikhov had 

known for a long time the problems of QCDSR 
estimates of charming penguins, and the 
intricacies of anomalous thresholds, the rest of 
the community ignored the problem for quite a 
while...

● Fortunately, after ~10y, and just in time for 
Marco’s birthday, people started taking 
rescattering seriously…
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CONCLUSIONS
● After 35 years, the processes Marco studied in his thesis are 

still crucial for indirect NP searches
● b→sℓℓ transitions call for a theoretical breakthrough, but 

fortunately, while Marco is busy in the INFN cockpit, the 
roman lattice group is working hard on this 

● In the meantime unfortunately I’m destroying all the nice 
HEPfit code written by Marco, so maybe at some point it would 
be useful to have Marco back to the Github repository…

● Hopefully within another 35 years the charming penguins 
problem will be fully solved, and we will know if NP is hiding 
there or not!
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Tantissimi auguri Marco, 
e grazie di tutto!!
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