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Why new physics in B decays

- FCNCs enjoy a unique concurrence of suppression mechanisms
in the SM

Loop & CKM & sometimes GIM & sometimes chiral

- Due to high EXP & TH accuracies attainable in numerous cases
and to the Iarge number of observables one can construct

FCNCs rank among the very best probes of beyond-SM effects
e.g. because of the high scales accessible
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* b — s transitions are the FCNCs closest to 3" gen. physics






" c.. -
ALAF=Z— 12 @uin"Quy)®  + .
i7#j

Operator |Bounds on A in TeV (¢;; = 1) |Bounds on ¢;; (A =1 TeV)| Observables

Re

Im

Re

Im

(SLyHdL)?
(5rdL)(5LdR)

9.8 x 102
1.8 x 104

1.6 x 10%
3.2 x 10°

9.0 x 10~7
6.9 x 10°°

3.4x10°°
2.6 x 10—11

AmK; €K

Am;{; €K

(eLyur)?

(Crur)(CLur)

1.2 x 108
6.2 x 103

2.9 x 103
1.5 x 104

5.6 x 1077
5.7 x 108

1.0x 1077
1.1 x10°8

Amp; |a/pl, ¢p
Amp; |q/pl, ¢p

(bpy+dy,)?
(brdr)(brdr)

5.1 x 102
1.9 x 103

9.3 x 102
3.6 x 103

3.3x10°6
5.6 x 107

1.0 x 1076
1.7x10°7

Amp,; Syks

Ade; S”(,’)Ks

(bry*sL)?
(brsL)(brsr)

1.1 x 102
3.7 x 102

7.6 x 10~°
1.3 x 10°°

=e——————————]




Take meson mixings as an example
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Operator |Bounds on A in TeV (c¢;; = 1)|Bounds on ¢;; (A =1 TeV)| Observables
Re Im Re Im
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(brsr)(brsg) 3.7 x 102 1.3 x 10~° Amp,

- Typical scales probed are = 1000 TeV

- TeV-scale effects typically requiring global-symmetry assumptions
such as MFV
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Why new physics in B decays

It is sometimes stated that:;

- The flavour problem is not a problem, it's a puzzle.
Even solving it, we’ll learn nothing about the hierarchy problem, DM, ...

- But if flavour is a puzzle, then all global / discrete symmetries broken
by the SM flavour dynamics are just accidental.

l.e. they could be broken very differently by any extension of the SM
— at whatever scale this may play out
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Why new physics in B decays

It is sometimes stated that:;

- The flavour problem is not a problem, it's a puzzle.
Even solving it, we’ll learn nothing about the hierarchy problem, DM, ...

- But if flavour is a puzzle, then all global / discrete symmetries broken
by the SM flavour dynamics are just accidental.

l.e. they could be broken very differently by any extension of the SM
— at whatever scale this may play out

- And If flavour is after all not just a puzzle, then flavour observables are
all the more important [Davighi-Isidori, 2303.two-days-ago]

- In either case, if focus is on the highest scales attainable,
flavour observables remain among the deepest probes

D. Guadagnoli, La Thuile, 5-11 March, 2023






~‘\llllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII"'
“
-

NP before Dec. 20

D. Guadagnoli, La Thuile, 5-11 March, 2023




NP before Dec. 20

We had a long-sought “seed” for NP.

« TH-clean observables

= whose prediction was solid enough to be widely accepted: unity £ 1%

- whose measurement was discrepant in several updates
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NP before Dec. 20

We had a long-sought “seed” for NP.

« TH-clean observables

= whose prediction was solid enough to be widely accepted: unity £ 1%

- whose measurement was discrepant in several updates

* The NP hinted at by this “seed” was somewhat unexpected,
a gross violation of:

- an exact symmetry of the SM gauge sector

- anear-symmetry (at least observationally) of the SM Yukawa sector

- But it was supported by a number of (less TH-clean) measurements

= that in isolation displayed only mild disagreements

- but in aggregate suggested a coherent picture

D. Guadagnoli, La Thuile, 5-11 March, 2023
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Tension between LFU ratios (blue) and b - s y*u- data (orange)
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- Cs™ of the correct size can be generated through RGE effects
| Bobeth-Haisch, 2011 || Crivellin et al., 2018 || Aebischer et al., 2019 |
a3 i l b
B,W
q2 [ S

Figure 3: Diagrams inducing a contribution to Cy through RG running above (left panel) and
below (right panel) the EW scale. A sizeable contribution to Cy is obtained when
J =wu12,d123 or I3, see text for details.
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Connectlon with b - c after Dec. 20?
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Exercise not yet done quantitatively AFAIK. But it will probably work:

[ Aebischer et al., 1903.10434 | | Greljo et al., 2212.10497 |
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* Co has slightly increased in central value from pre- to post-Dec. 20
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Models

i Greljo et al., 2212.10497
Post-Dec. 20 exercise: [ Greljoeta ]

generate O(10%), lepton universal effectsin b —» s 7~

Gauged U(1)’s
* B — L direction + quark-flavour violation through VL heavy quarks
> challenged by AF =2 & pp,ee — ¢
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Models

Post-Dec. 20 exercise: | Greljo et al., 2212.10497 |
generate O(10%), lepton universal effectsin b —» s 7~

Gauged U(1)’s

* B — L direction + quark-flavour violation through VL heavy quarks
> challenged by AF =2 & pp,ee — ¢

» 3'%(quark)-gen-philic variant: 3 Bs — L

pp — bE lz‘r
4 1 ee = U lo
— AF=21c I
b sup 1o pp — ¢ gels less stringent,
27 » but tension w/ ee— (¢ persists
_—
2 0
) “ \\“‘\\\
—4
3B; — L, case (i)
2x10% 3 ><|1(]3f1 ><rll(]3 rb‘ x‘ll)"“ o 111)4 2 x 10*
mx/9x
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Models :

RLLLLTS

pp— v lo
pp — £ 1o
b— sup lo
global 1o, 20

LFU Leptoquark

-3
2 % 103 3x10% 4 x 103
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NP after Dec. 20

Main points
(D The TH-cleaner bits (LUV observables; B — p*u-) are gone
@ Remaining hints suggest:
NP NP .
- Co (orC.) atlow g? but not at high g2?

- Cso (or CY)in di-muons, and also in di-electrons?

While waiting for updates of discrepant measurements,
progress relies on a solid understanding of “non-local FFs” inb — s €*t

(because of (D)

D. Guadagnoli, La Thuile, 5-11 March, 2023
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- Per aspera (= long-distance contributions) ad astra

C
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Form factors in b — s{f

AGp =
HO-hatl) =— 5 Vil > Ci(w)Oi(n)
=1

AYT(B — Mytt) = Ny, {(09 F Cr0)Fa(q®) + ol [O7fT( e~ 16772%%,\((12)] }
q° my X
Hulk:q) = i/d% A T, (e ):CiOi}Bla +k)) Non-local form-factors

— Main contributions: the “charm-loops” 05,y = (5.7 (T%)cr) (27" (T%)br)

Méril Reboud - 20/10/2022
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- Per aspera (= long-distance contributions) ad astra _
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| Ciuchini et al., 2212.10516]\|
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: Per aspera (= long-distance contributions) ad astra
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[ Ciuchini et al., 2212.10516]\|
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What about contribs. (b)?
In principle, well-known to be there, e.g.

» On-shell cuts in the variable (¢+k)? (the “forward” or
“decay” channel) include branch cuts from intermediate
states such as B — DD, — K*{t¢~. The physical
point (¢ + k)? = M2 lies on these cuts, which implies
that the functions #,(¢?) are complex-valued for all
values of ¢?. But this imaginary part is not associated
with any singularity in the variable ¢2. Thus, one can
write Hy (¢?) = H;re)(q2) + 4 Hg:m)(qg), with ’Hgfe“m) (¢?)
satisfying the analytic properties of the previous point as
functions of g2, and obeying the same dispersion relation.

I\ | Bobeth et al., 2017 |
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Per aspera (= long-distance contributions) ad astra
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What about contribs. (b)?
In principle, well-known to be there, e.g.

In practice, however...

» On-shell cuts in the variable (¢+k)? (the “forward” or
“decay” channel) include branch cuts from intermediate
states such as B — DD, — K*{t¢~. The physical
point (¢ + k)? = M2 lies on these cuts, which implies
that the functions #,(¢?) are complex-valued for all
values of ¢?. But this imaginary part is not associated
with any singularity in the variable ¢2. Thus, one can
write Hy (¢?) = H;re)(q2) + 4 Hg:m)(qg), with ’Hgfe“m) (¢?)
satisfying the analytic properties of the previous point as
functions of g2, and obeying the same dispersion relation.

I\ | Bobeth et al., 2017 |

to this kind of contributions, but the analytic structure
of triangle diagrams is quite involved, depending on the
values of external momenta and internal masses. A dis-
persion relation in g2 of the kind used in refs. [43, 45-48],
based on the cut denoted by (1) in Fig. 1 (b), could be
written if the B invariant mass were below the thresh-
old for the production of charmed intermediate states.
However, when the B invariant mass raises above the
threshold for cut (2), an additional singularity moves into
the g2 integration domain, requiring a nontrivial defor-
mation of the path (see for example the detailed discus-
sion in ref. [94]). Another possibility would be to get an

[ Ciuchini et al., 2212.10516 | f
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