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) Afirst qualitative observation
A whole range of b — s measurements involving a pu pair display a consistent pattern:
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) Afirst qualitative observation

A whole range of b — s measurements involving a pu pair display a consistent pattern:
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V?,6GeV?) = 0.745-(1+13%)
(2.60 effect)
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Ly o BRSO )
,qmax - BR(B+-)K+e e) | [qfnin’qfﬂax]

eV*,6GeV’) = 0.745 - (1+13%)
(2.60 effect)

s another (freshly measured) one:

1GeV*,6.0GeV’) = 0.685 ;. +0.047
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We know that BR measurements suffer from large f.f. uncertainties.

However, here’s a clean quantity:

BR(B'K'uu)
BR(B'»K'ee) | (@ 0]

o RK ( qrznin ’ qrznax) =

R, (1GeV?,6GeV’) = 0.745 - (1+13%)
(2.60 effect)

And here’s another (freshly measured) one:

® R ..(1.1GeV’,6.0GeV?) = 0.685 ) +0.047
(~2.40 effect)

R,..(0.045GeV?, 1.1GeV?) = 0.660’,;,+0.024
(~2.20 effect)
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We know that BR measurements suffer from large f.f. uncertainties.
However, here’s a clean quantity:

BR(B'K'uu)
BR(B'»K'ee) | (@ 0]

o RK ( qrznin ’ qrznax) =

R, (1GeV?,6GeV’) = 0.745 - (1+13%)
(2.60 effect)

And here’s another (freshly measured) one:

the electron channel would be an
obvious culprit (brems + low stats).

But disagreement is rather in muons

muons are among the most reliable
objects within LHCb

® R ..(1.1GeV’,6.0GeV?) = 0.685 ) +0.047
(~2.40 effect)

R,..(0.045GeV?, 1.1GeV?) = 0.660’,;,+0.024
(~2.20 effect)
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BR(B, — ¢ pu): >30 below SM prediction.  Same kinematical region m2Mu e[1, 6] Ge

nitially found in 1/fb of LHCb data, then confirmed by a full Run-I analysis (3/fb)
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The other mentioned b — s uu modes fit a coherent picture with R, and R,

(3) BR(B_ — @ uu): >30 below SM prediction.  Same kinematical region mQW e[1, 6] GeV?
Initially found in 1/fb of LHCb data, then confirmed by a full Run-I analysis (3/fb)

O B K* MM angular analysis: discrepancy in one combination of the
angular expansion coefficients, known as P',
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B — K* uu angular analysis:
The P', anomaly
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B — K* uu angular analysis:
The P', anomaly
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B — K* uu angular analysis:

The P', anomaly

Belle preﬁmmary

arXiv:1604.04042
Thls Analysis
LHCB 2013
LHCB 2015
SM from DHMV
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B — K* uu angular analysis:

The P', anomaly
BeIIe arX|v 1612 05014
SM I‘rl:im DHMWLQ-CD
All Modes 1
Electron Modes i
Muon Modes 1
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} o B — K* uu angular analysis:

The P’ anomaly
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= From LHCb’s full angular analysis of the decay products in B — K* uu, one can
construct observables with limited sensitivity to form factors.

= One of such “clean” observables is called P',

arXiv:1604.04042
Belle preliminary HH  This Analysis
| LHCb 2013 |
LHCb 2015
— — e SM from DHMV
L= 1|
| .-L.== l
| s
i — |
| | |
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2 2 7.4
g° (GeV*/c7)
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Caveat:

this obs needs be taken cum grano salis

= What cancels is the dependence on the

large-m, form factors.
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/ : B — K*uu angular analysis: :
: The P’y anomaly
= From LHCb’s full angular analysis of the decay products in B — K* uu, one can
construct observables with limited sensitivity to form factors.
= One of such “clean” observables is called P',
LE | | | arXiv:1604.04042
Belle preliminary HH  This Analysis
Lol LHChB 2013 |
LHChB 2015
05 — — e SM from DHMV
L= 1|

0.5}
ez
ol — 1 _
_1_5 | | |
a B 10 15 20
g’ (GeV?/c?)

~

1y

Caveat:
this obs needs be taken cum grano salis

= What cancels is the dependence on the
large-m, form factors.

= Crucial issue:

How important departures from the
infinite-m _ limit are, for g approaching

4m 2
(63

In fact, cc contributions are
suppressed by g*—4 m 2.

?,
RN RN
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/ : B — K*pu angular analysis: : \
O op /
e P’ anomaly
= From LHCb’s full angular analysis of the decay products in B — K* uu, one can
construct observables with limited sensitivity to form factors.
= One of such “clean” observables is called P',

arXiv:1604.04042 Caveat:
1.5 , . ———— :  this obs needs be taken cum grano salis  :
Belle preliminary HH  This Analysis
1.0k LHCb 2013 i = What cancels is the dependence on the
LHCb 2015 large-m, form factors.
05 — — B SM from DHMY
- = Crucial issue:
- (EEERE
me oo T How important departures from the
__I__| | infinite-m _limit are, for % approaching  :
oS .-.%E 1 . Ams
— 1 In fact, cc contributions are
-1.0} . suppressed by g?—4 m 2.
ot ———————————————— oy
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0 5 10 15 20: Butinteresting nonetheless, because:

2 2 /.4

q (G-EV / C ) = Effect is again in the same region:

m? €[1,6]GeV?

3 Hp §

: = Compatibility between 1/fb and 3/fb

LHCb analyses and a recent Belle analysis
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B — K* uu angular analysis:
post-Moriond update

205 b (8 TeV)
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B — K* uu angular analysis:
post-Moriond update

CMS Preliminary 205 fb' (8 TeV)
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B — K* uu angular analysis:
post-Moriond update

20.5 fb ' (8 TeV)
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b — c data

BaBar, PRL109,101802(2012)
Belle, PRD92,072014(2015)
LHCb, PRL115,111803(2015)
Belle, PRD94,072007(2016)
Belle, arXiv:1612.00529

Ay’ = 1.0 contours

———= SM Predictions
R(D)=0.300(8) HPQCD (2015)
R(D)=0.299(11) FNAL/MILC (2015)
R(D¥)=0.252(3) S. Fajfer et al. (2012)
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P(x%) = 674%

[

T 06
R(D)
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There are long-standing discrepancies in b — c transitions as well.

BR(B-D" ¢v)(with t=e,u)
:;;'\\ O_S 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
———— BaBar, PRL109,101802(2012) 5
S ——— Belle, PRD92,072014(2015) Ay”= 1.0 contours
Re 0.45 LHCb, PRL115,111803(2015) ———= SM Predictions
= Belle, arXiv:1612.00529 R(D)=0.299(11) FNAL/MILC (2015)
0.4 — [ Average R(D*)=0.252(3) S. Fajfer et al. (2012)

0.35

0.3

II,|IIIII~_IIII|IIII|IIII

0.25

2 0.3
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Wrap-up

* R, and R,. hint at Lepton Universality Violation (LUV), the effect
being in muons, rather than electrons
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Wrap-up

* R, and R,. hint at Lepton Universality Violation (LUV), the effect
being in muons, rather than electrons

* Also R(D(*)) points to LUV. But can we really trust final-state taus?
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Wrap-up

R, and R,. hint at Lepton Universality Violation (LUV), the effect
being in muons, rather than electrons

Also R(D(%)) points to LUV. But can we really trust final-state taus?

R, and R,. significance fairly low.
Yet interesting that all b — s yu modes go in a consistent direction

Focusing for the moment on the b — s discrepancies

= Q1: Can we (easily) make theoretical sense of data?

- Q2: What are the most immediate signatures to expect ?
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Concerning Q1: can we easily make theoretical sense of these data?
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Concerning Q1: can we easily make theoretical sense of these data?
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Concerning Q1: can we easily make theoretical sense of these data?
About equal size & opposite sign
in the SM (at the m, scale)

7N\

- 4Gy .o O - e _
Hop (b2 501) = ===V, V, 222 Boy's, (Clayiu +( Clayaysul]

* Yes we can. Consider the following Hamiltonian

* Advocating the same (V — A) x (V — A) structure also for the corrections to C, , "
(in the uu-channel only!) would account for:

- R, and R,. lower than 1

= b — suu BR data below predictions

—~ the P, anomaly in B — K* uu

D. Guadagnoli, Flavor anomalies



About equal size & opposite sign
Yes we can. Consider the following Hamiltonian

in the SM (at the m, scale)

7\

- 4Gy .o O - e _
Hop (b2 501) = ===V, V, 222 Boy's, (Clayiu +( Clayaysul]

Advocating the same (V — A) x (V — A) structure also for the corrections to C, , "
(in the uu-channel only!) would account for:

- R, and R,. lower than 1

= b — suu BR data below predictions

—~ the P, anomaly in B — K* uu

A fully quantitative test requires a global fit.

new physics contributions to the Wilson coefficients. We find that the by far largest de-
crease in the y? can be obtained either by a negative new physics contribution to Cy (with
CNF ~ —30% x CSM), or by new physics in the SU(2);, invariant direction C}¥ = —CNF,
(with CH'F ~ —12% x C§M). A positive NP contribution to Cjg alone would also improve the
fit, although to a lesser extent. [Altmannshofer, Straub, EPJC '15]

For analogous conclusions, see also [Ghosh, Nardecchia, Renner, JHEP '14)]
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Model example
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Model example

el GE'Lykb’Lf'LYKT’L

with G = 1/A}, < G,
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Model example

—_— = I A I =1 I
partial-composite
with G = 1Ay, < G, frameworks
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Model example

As we saw before, all b — s data - C Ef) ~ = C(l? (V — A structure)
are explained at one stroke |if: (W) (e
Conel > [Com| — (LUV)

"
S,
'
.............
.....

lllll
.....
.....
v
.

This pattern can be generated from a purely 3°-generation interaction 3 G""'show elal, 204 5
T
. I 7\' I = I I
Hyp = Gb'y b’ T y,t', expected e.g. in
partial-compositeness
with G = 1/ /\2NP < G, frameworks

Note: primed fields

~ Fields are in the “gauge” basis (= primed)
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Model example

As we saw before, all b — s data - C f) ~ = C(l? (V — A structure)
are explained at one stroke |if: (W) (e
Conel > [Com| — (LUV)

"
S,
'
.............
.....

This pattern can be generated from a purely 3°-generation interaction Glashow eta/
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. I >\‘ I = I I
Hyp = Gb'y b’ T y,t', expected e.g. in
partial-compositeness
with G = 1//\2NP < G, frameworks

Note: primed fields

~ Fields are in the “gauge” basis (= primed) mass
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~ They need to be rotated to the mass eigenbasis K5 b',
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Model example

As we saw before, all b — s data - C f) ~ = C(l? (V — A structure)
are explained at one stroke |if: (W) (e
Conel > [Com| — (LUV)

"
S,
'
.............
.....

This pattern can be generated from a purely 3°-generation interaction Glashow et al

lllll
.....
.....
v
.

,,,,,,,,,, , 20
B T e 15 E
. I )\‘ I = I I
Hyp = Gb'y b’ T y,t', expected e.g. in
partial-compositeness
with G = 1//\2NP < G, frameworks
Note: primed fields
~ Fields are in the “gauge” basis (= primed) mass
basis
)
I —_ ] d
~ They need to be rotated to the mass eigenbasis &5 b', = (d'}); = (UL)3i (d,),
I — I — f)
= This rotation induces LUV and LFV effects T = (ﬁ L>3 (UL 3 (fL)i
—
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LFV in B decays
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LFV in B decays
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LFV in B decays

|Clo +8C,f

= 0.1592
according to R
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LFV in B decays

As mentioned: if R, is signaling BSM LUV, then, in general, expect BSM LFV as well

Actually, the expected ballpark of LFV effects can be predicted from BR(B — K uu) and the
R, deviation alone [Glashow et al., 2015]

4 )
ol BR(B'»K'ue) _ |6C10|2 _
BR(B+')K+MM) |C§34+6C10|2 P
pe- & pe
= 0.1592 modes

\accordlng to ng
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LFV in B decays

As mentioned: if R, is signaling BSM LUV, then, in general, expect BSM LFV as well

Actually, the expected ballpark of LFV effects can be predicted from BR(B — K uu) and the
R, deviation alone [Glashow et al., 2015]

4 )
ol BR(B'»K'ue) _ |6C10|2 _
BR(B+')K+MM) |C§34+6C10|2 P
pe- & pe
= 0.1592 modes

\accordlng to ng

The current BR(B* — K* ue) \
|1:> ( ) 8 |( U1€>31|2 limit yields the weak bound
BR B+->K+ue < 22%X10°° » ———
I(U£)32|2 |<Uf) /(Uf) | ) 3.7
\ L/31 L)32 /
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LFV in B decays

As mentioned: if R, is signaling BSM LUV, then, in general, expect BSM LFV as well

Actually, the expected ballpark of LFV effects can be predicted from BR(B — K uu) and the
R, deviation alone [Glashow et al., 2015]

( p
9 BR(B™3K'uwe) | BC |
BR<B+-)K+MM) |C§34+6C10|2
pe & g e*
= 0.159 modes
\according to ng
\
The current BR(B* — K* ue)
|(Uf) |2 limit yields the weak bound
BR(B"™»K'ue) < 2.2x10° - |(U§)31|z‘
L3 (U7 /(U7
\ L/31 L)32 /

I BR(B'5K'wt) would be even more promising, as it scales with (U} )5/ (U} )5,
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LFV in B decays

As mentioned: if R, is signaling BSM LUV, then, in general, expect BSM LFV as well

Actually, the expected ballpark of LFV effects can be predicted from BR(B — K uu) and the
R, deviation alone [Glashow et al., 2015]

( p
9 BR(B™3K'uwe) | BC |
BR<B+-)K+MM) |C§34+6C10|2
pe & g e*
= 0.159 modes
\according to ng
\
The current BR(B* — K* ue)
|(Uf) |2 limit yields the weak bound
BR(B"™»K'ue) < 2.2x10° - |(U§)31|z‘
L3 (U7 /(U7
\ L/31 L)32 /

I BR(B'5K'wt) would be even more promising, as it scales with (U} )5/ (U} )5,

V]  An analogous argument holds for purely leptonic modes
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Making the interaction G, - invariant

be made invariant
SU(2), x U(1),
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be made invariant
). x SU(2), x U(1),
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Making the interaction G, - invariant i, 3Shany, » Dagy,,

Lo,
Lo,
L,

ae,
L
0,
LN
a
aa,
N
faaa, -
ey,
ey
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X
.......

* Being defined above the EWSB scale,
our assumed operator

SU(2) o Q 'L y}‘Q 'L L 'LYAL 'L [neutral-current int's only]
L
11 Moo =1 ]
By b Tyt | )
) ) inv. - 1 A ,j i yj L /i I h d T
must actually be made invariant QLY QL " wL"; [also chardadrc i,

under SU(3), x SU(2), x U(1),

t!tIV'TV!T , b'b'V'TV'T )
* Thus, the generated structures are all of:
t’t'T'T', b'b'T'T’,
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Making the interaction G, - invariant ) ashap, ’Za, Dagy,

9
......
¥

Lay
Ly
tay
Ly
o
2ay
.
e, -
tay,
‘a,
L
.
""""""

* Being defined above the EWSB scale,
our assumed operator

SU(2) o Q 'L y}‘Q 'L L 'LYAL 'L [neutral-current int's only]
L
I Ay = '
By b Tyt | )
= = inV. ® 1 A 'j i 'j L yi I h d t q t'
must actually be made invariant QLY QpL" wL' [also chargedrcHiISiEEIES

under SU(3), x SU(2), x U(1),

Tela,! ! Tlh!a,! ! JOCTTTPTIPPPS il 1L 1L .
t't'vi.v'., b'b'v' .v'., :

* Thus, the generated structures are all of: and t'h't'v I
t't't't’,  b'b't't, -
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SBhattacha """"""""""""""
Making the interaction G, - invariant = - h"’asham:ya’ Dagy,
""""""""" ara pL ’ LOndO
........... B 7 n
* Being defined above the EWSB scale,
our assumed operator _ _
SU(2), o Q 'L y}‘Q 'L L 'LYAL 'L [neutral-current int's only]
11 Moo = ]
b'yy b, T ¥t | )
; ; inv. °Q " XQ rJ L ) L ! also charged-current int's
must actually be made invariant Y Wbl [ ged-curretE

under SU(3) x SU(2), x U(1),

t't"v'r'\"r , l)'b'/\/"c/\/"c ) E: ............. R L L ‘E
* Thus, the generated structures are all of: and it DT
t't't't', b'b't't', S

. N

. H
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hatté,c .................
. - . . . 3 shi I:ya """"
Making the interaction G, - invariant - Vashank > Day,
........... ara’ PL ’ London
------------- 515
* Being defined above the EWSB scale, e
our assumed operator B _
SU(2) o Q 'L y)‘Q 'L L 'Lny 'L [neutral-current int's only]
L
11 Moo =1 ]
b'yy b, T ¥t | )
: . inv. c 0"vO"U LY. v. L" Iso charged tint'
must actually be made invariant QLy QL wL' [also chargedrcHiISiEEIES

under SU(3) x SU(2), x U(1),

t't "V'T'\/'T , b 'b'\/'t\/'r ’ :_' ............. ‘-

* Thus, the generated structures are all of: and i t"bIEIN
[ | r 7, 1 SR : £

t't't't', b'b'T THE SO | |

. b

..........................................................................................

° But this coin has a flip side. L. 2% Paragics o

.....
.....
...........
'''''
n
..........

Through RGE running, one gets also LFU-breaking effects in t— v v
(tested at per mil accuracy)

v
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. . . . . 3 Sh' c a’:ya """""
Making the interaction G, - invariant ... Vasp, 7% Day,
........... nkara’ PL ’ LOndo
................ B 15 n
* Being defined above the EWSB scale, e
our assumed operator B _
SU(2) o Q 'L y)‘Q 'L L 'Lny 'L [neutral-current int's only]
L
11 Moo =1 ]
b'yy b, T ¥t | )
. . inv. . . A i,j L,i I h d tint
must actually be made invariant QLy QL wL' [also chargedrcHiISiEEIES

under SU(3) x SU(2), x U(1),

t't "V'T'\/'T , b 'b'\/'t\/'r ’ :_' ............. “

* Thus, the generated structures are all of: and i t"bIEIN
[ | r 7, 1 SR : £

t't't't', b'b'T THE SO | |

. .

..........................................................................................

° But this coin has a flip side. ¢ Foruglio, papgg i,

.....
.....
lllllllllll
'''''
n
..........

Through RGE running, one gets also LFU-breaking effects in t— v v
(tested at per mil accuracy)

Such effects “strongly disfavour an explanation of the R(D(*)) anomaly model-independently”

v
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
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Further tests
H
IS ——
“- st: d il

efine X, with H=K * | 143()

K
s from unity in the double ratios X, can only come from RH currents

the first of these double ratios, X,. (forq? € [1, 6] GeV?)

= 0.92-(120(20%))
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Further tests
H
IS ——
“- st: d il

efine X, with H=K * | 143()

K
s from unity in the double ratios X, can only come from RH currents

the first of these double ratios, X,. (forq? € [1, 6] GeV?)

- 0.92-(1+0(20%)) [y  within errors, it is compatible witt
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Further tests

il 2
........
.........

H. ....................
* Measure more LUV ratios: Ry. ,R¢ , Ry, Ry (1420) > Rf ] iller. chmale, .
0 L e y 015
Interesting test: define X, = — with H=K*, ¢, X_, K0(1430) S| e
K

Deviations from unity in the double ratios X, can only come from RH currents

* We now know the first of these double ratios, X,. (forq* € [1, 6] GeV?)

B 0.92 - (li 0(2() %)) |:> within errors, it is compatible with unity

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
-

In general we have [ Hiller, Schmaltz, JHEP 2015 ] :
: Remember

Xy = 1-041Re[Cy—C'h [ude] | 0% = (sy"Pyb) [Ty,
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Further tests

~d |

tly, LHCb measured BR(B* — K* uu) including an accurate parameterization
D component in the cc region

Sizable LD contributions far from the resonance region could explain away ten

AR———
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Further tests

>
(JTTTTTTTTTTTTRIRIATIITIIRTTIARTTITING,

ATTITITING
CATRRRTTTTNS

5

.: .................. /'/' "", |
Pllan 7. Y0 N
* Extract LD effects from data i LHep, 144, 2 h,‘?b,o,o
o, 06764 : " Wiey O3y, .,
M, : ',,"' J’ . e 2,
lllllllllllllllll ‘5 ‘e, " 7¢ S ::
Recently, LHCb measured BR(B* — K* uu) including an accurate parameterization

of the LD component in the cc region

Idea: Sizable LD contributions far from the resonance region could explain away tensions

Method: Measure m,, spectrum, including the cc resonances as a sum of BW, and fit ‘em all
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Further tests

»
»
*

..... .: ‘S" ",,"'
.: ................... ,l;)/'/ """"
:_ L ........... ,'nfyo '9/-6 '''''
* Extract LD effects from data ¢ tHCb, 164, % & Rpy
e 06764 Sie ! "y, 2h o0
""I“""""u..,.I"" """""" _:' :7¢ s
Recently, LHCb measured BR(B* — K* uu) including an accurate parameterization . {

of the LD component in the cc region

Idea: Sizable LD contributions far from the resonance region could explain away tensions
Method: Measure m,, spectrum, including the cc resonances as a sum of BW, and fit ‘em all

Result: BR compatible with previous measurements, and (again) smaller than SM
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- uu y decay offers sensitivity to C,, C,, C,, (and its total BR is 1(

easurement (= with photon detection) is veeery challenging at hadri
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Further tests

* Measure new observables sensitive to C,and C_,

~ The B,— uu y decay offers sensitivity to C,, C,, C,, (and its total BR is 10°°)

Its direct measurement (= with photon detection) is veeery challenging at hadron colliders

* Extract B,— yuy from B_— uu event sample, by enlarging m,, window downwards

|||||||||||||||||||||||||||||||||||||||||||||||||||||||

|||||||||||||||||||||||||||||||||||||||||||||||||||||||

Note in fact:

= ISR and FSR components in B, — uu y can be treated as independent
(relevant in different regions & interference is negligible)

D. Guadagnoli, Flavor anomalies



Further tests

* Measure new observables sensitive to C,and C_,
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Note in fact:

= ISR and FSR components in B, — uu y can be treated as independent
(relevant in different regions & interference is negligible)

-~ The FSR component can be systematically subtracted from data
(the same way it is in B, — uu)
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Further tests

* Measure new observables sensitive to C,and C_,

~ The B,— uu y decay offers sensitivity to C,, C,, C,, (and its total BR is 10°°)

Its direct measurement (= with photon detection) is veeery challenging at hadron colliders

* Extract B,— yuy from B_— uu event sample, by enlarging m,, window downwards

|||||||||||||||||||||||||||||||||||||||||||||||||||||||

|||||||||||||||||||||||||||||||||||||||||||||||||||||||

Note in fact:

= ISR and FSR components in B, — uu y can be treated as independent
(relevant in different regions & interference is negligible)

-~ The FSR component can be systematically subtracted from data
(the same way it is in B, — uu)

~— So this measurement gives access to the ISR spectrum, to be compared with theory
[Melikhov-Nikitin, ‘04]

I But LQCD calculation of B —y f.f.’s required
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0 o,

EFT is ok. But models?

3
e, TN
S TTTRRRTTTTTTTTTTTT A T T I IR T ITTARRRRRRRRRRRRRRTTITTTTTTTTITIINN

Up to now: Fermi-like interactions involving SM fields only.
Is there any plausible dynamics generating these interactions?
First obstacle towards a common explanation of b — s £ and b—crTVv:

- B — D(*) rv: arises attree level in the SM, and the effect is O(25%)
|:> tree-level charged mediators?

= B — K(*)?¢: again 25% effect, but this is a loop effect in the SM
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Up to now: Fermi-like interactions involving SM fields only.
Is there any plausible dynamics generating these interactions?

First obstacle towards a common explanation of b — s £ and b—crTVv:

- B — D(*) rv: arises attree level in the SM, and the effect is O(25%)
|:> tree-level charged mediators?

= B — K(*)?¢: again 25% effect, but this is a loop effect in the SM

Second obstacle

= The needed NP is of the kind Jquark X J

lepton
Hard to believe that it leaves no traces in J x J and J X as well

quark quark lepton lepton
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Is there any plausible dynamics generating these interactions?

First obstacle towards a common explanation of b — s £ and b—crTVv:

- B — D(*) rv: arises attree level in the SM, and the effect is O(25%)
|:> tree-level charged mediators?

= B — K(*)?¢: again 25% effect, but this is a loop effect in the SM

Second obstacle

= The needed NP is of the kind Jquark X J

lepton
Hard to believe that it leaves no traces in J x J and J X as well

quark quark lepton lepton

|:> Strong constraints from B_-mixing & purely leptonic LFV or LUV decays
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Most (all?) model-building possibilities involve:

—~ new charged (and possibly colored) states
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|:> tree-level charged mediators?

= B — K(*)?¢: again 25% effect, but this is a loop effect in the SM
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= The needed NP is of the kind Jquark X J
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Hard to believe that it leaves no traces in J x J and J X as well

quark quark lepton lepton

|:> Strong constraints from B_-mixing & purely leptonic LFV or LUV decays
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Most (all?) model-building possibilities involve:

—~ new charged (and possibly colored) states
-~ with masses in the TeV region and
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Up to now: Fermi-like interactions involving SM fields only.
Is there any plausible dynamics generating these interactions?

First obstacle towards a common explanation of b — s £ and b—crTVv:

- B — D(*) rv: arises attree level in the SM, and the effect is O(25%)
|:> tree-level charged mediators?

= B — K(*)?¢: again 25% effect, but this is a loop effect in the SM

Second obstacle

= The needed NP is of the kind Jquark X J

lepton
Hard to believe that it leaves no traces in J x J and J X as well

quark quark lepton lepton

|:> Strong constraints from B_-mixing & purely leptonic LFV or LUV decays

Third obstacle

Most (all?) model-building possibilities involve:

—~ new charged (and possibly colored) states
-~ with masses in the TeV region and
—  with significant couplings to 3" gen. SM fermions
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EFT is ok. But models?
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Up to now: Fermi-like interactions involving SM fields only.
Is there any plausible dynamics generating these interactions?

First obstacle towards a common explanation of b — s £ and b—crTVv:

- B — D(*) rv: arises attree level in the SM, and the effect is O(25%)
|:> tree-level charged mediators?

= B — K(*)?¢: again 25% effect, but this is a loop effect in the SM

Second obstacle

= The needed NP is of the kind Jquark X J

lepton
Hard to believe that it leaves no traces in J x J and J X as well

quark quark lepton lepton

|:> Strong constraints from B_-mixing & purely leptonic LFV or LUV decays
Third obstacle

Most (all?) model-building possibilities involve: Constraints from direct searches

(e.g. — 11) potentially strong
—~ new charged (and possibly colored) states

-~ with masses in the TeV region and |:>
—  with significant couplings to 3" gen. SM fermions
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EFT is ok. But models?

~
.
(Y TRRRTTTT AR TR AT R AR A AN NAANATAATACARRRTTARATRATRATATNNN

Up to now: Fermi-like interactions involving SM fields only.
Is there any plausible dynamics generating these interactions?

First obstacle towards a common explanation of b — s £ and b—crTVv:

- B — D(*) rv: arises attree level in the SM, and the effect is O(25%)
|:> tree-level charged mediators?

= B — K(*)?¢: again 25% effect, but this is a loop effect in the SM

Second obstacle

= The needed NP is of the kind Jquark X J

lepton
Hard to believe that it leaves no traces in J x J and J X as well

quark quark lepton lepton

|:> Strong constraints from B_-mixing & purely leptonic LFV or LUV decays
Third obstacle

Most (all?) model-building possibilities involve: Constraints from direct searches

(e.g. — 11) potentially strong
—~ new charged (and possibly colored) states

— : : |:> And yes they are!
with masses in the TeV region and See: [Greljo-Isidori-Marzoccal

—  with significant couplings to 3™ gen. SM fermions [Faroughy-Greljo-Kamenik]

D. Guadagnoli, Flavor anomalies



D. Guadagnoli, Flavor anomalies



ose models involve typically the introduction of:

a new Lorentz-scalar (S) or -vector (V)
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a new Lorentz-scalar (S) or -vector (V)

These models involve typically the introduction of:
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: Recap of model-building attempts
focused on models accounting for R, & R(D(?))

-
=
-

I N
e EE s s s s .- .----
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: Recap of model-building attempts
focused on models accounting for R, & R(D(?))

2,

---------
%

= Strong bounds from t— v v
and B_-mixing :

= Minimal model ruled out by
direct searches — tt

~
--------------------

:"V: Greljo, Isidori,\‘, . See also Boucenna et al. .
] Marzocca g 1 1604.03088

----------------- H‘H

I L L L L L
E R T
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: Recap of model-building attempts
focused on models accounting for R, & R(D(?))

---------
%

= Strong bounds from t— v v
and B_-mixing :

= Minimal model ruled out by
direct searches — tt

~
llllllllll

:"V: Greljo, Isidori, % ! See also Boucenna et al. \‘.
' . Marzocca 1 1604.03088 J

= Nice & elegant:

R(D(*)) generated at tree
level, R, atloop level

= But not viable: see
Becirevic et al.,
1608.07583

llllllll
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Recap of model-building attempts
: focused on models accounting for R, & R(D(?))
= Strong bounds from t— v v
and B_-mixing :
= Minimal model ruled out by
direct searches — tt
su@2 , ~ o
SU(3)C 1 2 3 "'l
: Lo I PR
1 :' V: Greljo, Isidori, " See also Boucenna et al.
;  + Marzocca 1 1.1604.03088 g
’’S: Bauer-Neubert ' :"S&V: Barbieri, Isidori,
@ e - o Pattori, Senia
3 ,' o/t . : : “~ -’
,-*| ¢ V: Barbieri, Isidori, : T
Pattori, Senia .. .
B e " -
. \."o

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

- Nice & elegant: lis
R(D(*) generated at tree  : : = Plausible mechanism to generate R, & R(D(*)):

level, R, atloop level flavor group G, distinguishing 3 gen. from
3 the other two

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

= But not viable: see
Becirevic et al.,
1608.07583

. g =
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| o=

4
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Recap of model-building attempts
: focused on models accounting for R, & R(D(?))
= Strong bounds from t— v v
and B_-mixing :
= Minimal model ruled out by
direct searches — tt
su@2 , ~ o
SU(3)C 1 2 3 "'l
: Lo I PR
1 :' V: Greljo, Isidori, " See also Boucenna et al.
;  + Marzocca 1 1.1604.03088 g
(‘S: Bauer-Neubert ~; :"S&V: Barbieri, Isidori,
@ e - o Pattori, Senia
3 ,' o/t . : : “~ -’
,-*| ¢ V: Barbieri, Isidori, : T
Pattori, Senia .. .
B e " -
. \."o

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

- Nice & elegant: lis
R(D(*) generated at tree  : : = Plausible mechanism to generate R, & R(D(*)):

level, R, atloop level flavor group G, distinguishing 3 gen. from
: the other two

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

= But not viable: see N
Becirevic et al., : = Hierarchy between R, and R(D(*)) controlled by
1608.07583 G, breaking

4
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Recap of model-building attempts
: focused on models accounting for R, & R(D(?))
= Strong bounds fromt— v v
and B-mixing :
= Minimal model ruled out by
direct searches — tt
su@ ,~ o
SU(3)C 1 2 3 "'l
: Lo I PR
1 :' V: Greljo, Isidori, * " See also Boucenna et al.
; . Marzocca 1 1.1604.03088 g
(‘S: Bauer-Neubert ) i :"S&V: Barbieri, Isidori,
PR e L L Tt - ;o Pattori, Senia
3 1 ol . : : ‘s~ P
,-°| © V: Barbieri, Isidori, : I
Pattori, Senia & :
B S -
0’ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,, \."o

Nice & elegant:

R(D(*)) generated at tree
level, R, atloop level

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

= Plausible mechanism to generate R, & R(D(”)):
flavor group G, distinguishing 3 gen. from

the other two

= But not viable: see P i
Becirevic et al., -
1608.07583 1

Hierarchy between R, and R(D(*)) controlled by
G, breaking

= Only vector singlet survives constraints

= Discusses UV-cutoff sensitivity (powerlike)
|:> Badly need UV completion (challenging)
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= Nice & elegant:

R(D(*)) generated at tree
level, R, atloop level

= But not viable: see
Becirevic et al.,
1608.07583
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= Similar scenario as

= Plausible mechanism to generate R, & R(D(”)): Calibbi, Crivellin, Ota, but
flavor group G, distinguishing 3° gen. from fully general flavor couplings
the other two
= Flavor couplings “pragmatically”
— Hierarchy between R, and R(D(*)) controlled by fit to data: :
G, breaking R, ones are ~ 10-%, R(D* ones are O(1) i
= Only vector singlet survives constraints :
= Discusses UV-cutoff sensitivity (powerlike)
|:> Badly need UV completion (challenging) iy ot
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= Similar scenario as

= Plausible mechanism to generate R, & R(D(”)): Calibbi, Crivellin, Ota, but
flavor group G, distinguishing 3° gen. from fully general flavor couplings
the other two
= Flavor couplings “pragmatically”
— Hierarchy between R, and R(D(*)) controlled by fit to data: :
G, breaking R, ones are ~ 107, R(D*) ones are O(1)
= Only vector singlet survives constraints :
= How is LQ mass generated?
= Discusses UV-cutoff sensitivity (powerlike) Otherwise theory is non-renorm.
|:> Badly need UV completion (challenging) iy ot
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= Plausible mechanism to generate R, & R(D(”)):
flavor group G, distinguishing 3 gen. from
the other two

— Hierarchy between R, and R(D(*)) controlled by
G, breaking

= Only vector singlet survives constraints

= Discusses UV-cutoff sensitivity (powerlike)

|:> Badly need UV completion (challenging)
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= Similar scenario as
Calibbi, Crivellin, Ota, but
fully general flavor couplings

= Flavor couplings “pragmatically”
fit to data:

R, ones are ~ 107, R(D*) ones are O(1)

= How is LQ mass generated?
Otherwise theory is non-renorm.
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- Nice & elegant:

R(D(*)) generated at tree
level, R, atloop level
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= Plausible mechanism to generate R, & R(D(”)):
flavor group G, distinguishing 3 gen. from
the other two

= But not viable: see
Becirevic et al.,
1608.07583

— Hierarchy between R, and R(D(*)) controlled by
G, breaking

= Only vector singlet survives constraints

= Discusses UV-cutoff sensitivity (powerlike)

: = Not constrained by Feruglio et
al.’s argument = Strong bounds fromt— fvv :
and B_-mixing
: = RK*prediction can be made <1 "
by forbidding certain couplings ~ : = Minimal model ruled out by
G 3 : direct searches — tt
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= Similar scenario as
Calibbi, Crivellin, Ota, but
fully general flavor couplings

= Flavor couplings “pragmatically”
fit to data: :
R, ones are ~ 1073, R(D*) ones are O(1) :

= How is LQ mass generated?
Otherwise theory is non-renorm.

|:> Badly need UV completion (challenging)
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Conclusions

* In flavor physics there are by now several persistent discrepancies with respect to the SM.

Their most convincing aspects are the following:

it Experiments: Results are consistent between LHCb and B factories.

m Data: Deviations concern two independent sets of data: b — s and b — ¢ decays.

i Data vs. theory: Discrepancies go in a consistent direction.
A BSM explanation is already possible within an EFT approach.
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Conclusions

In flavor physics there are by now several persistent discrepancies with respect to the SM.

Their most convincing aspects are the following:

Experiments: Results are consistent between LHCb and B factories.
Data: Deviations concern two independent sets of data: b — s and b — ¢ decays.

Data vs. theory: Discrepancies go in a consistent direction.
A BSM explanation is already possible within an EFT approach.

Early to draw conclusions. But Run Il will provide a definite answer
Theory: EFT makes sense rather well of data. But hard to find convincing UV dynamics
Timely to pursue further tests.

Examples: = more measurements of R,

-~ more LUV quantities

— other observables sensitive to C, & C
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