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m “RARE” DECAYS (DECAY RATE < 10-¢) ® “SEMILEPTONIC” DECAYS (DECAY RATE ~10%)

»  FORBIDDEN AT TREE-LEVEL, DOMINATED BY
PENGUIN OR BOX SM DIAGRAM

> TREE-LEVEL TRANSITIONS

> HEAVY NP COULD BE SAME ORDER AS SM




RARE DECAYS AS A PROBE OF A v £

FCNC: UNIQUE GLIMPSE TO HIGHER SCALE

|E.G. ENHANCEMENT/SUPPRESSION OF
DECAY RATE, ANGULAR DISTRIBUTIONS
AND NEW SOURCES OF CP]




RARE DECAYS AS A PROBE OF ol

RARE B DECAYS ARE A MULTI-SCALE PROBLEM: Axp > myy > my, > Aqcp
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Gluon penguin

Photon penguin
Electroweak penguin
Higgs (scalar) penguin
Pseudoscalar penguin
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“The” very rare decay, FCNC and helicity suppressed in SM

A 30 years endeavour
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CLEAN THEORETICAL PREDICTIONS

BBY — utu™) = (3.66 +0.14) x 10~°

[Nuovo Cim.C 035N1 (2012) 249]
BB - utu™) = (1.03 £0.05) x 10710

2.0

--------------------------

[JHEP 10 (2019) 232]

MSSM-LL

10° x BR(Bs — puu™)
+ box diagram

STRINGENT CONSTRAINTS ON
THE NEW PHYSICS PHASE SPACE

R. Silva Coutinho
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CLEAN THEORETICAL PREDICTIONS
0 B 9 [Nuovo Cim.C 035N1 (2012) 249]
BB — u*u™) =(3.66£0.14) X 10

B(B° = utu™) = (1.03 £ 0.05) x 10710
[JHEP 10 (2019) 232]
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10° x BR(Bg — putp™)

;

+ 20 exclusion

+ box diagram H STRINGENT CONSTRAINTS ON
THE NEW PHYSICS PHASE SPACE
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[PRL 128 (2022) 4, 041801, CMS-PAS-BPH-21-006, ATLAS-CONF-2020-049]
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m,.- [GeV]
CMS +0.44
BPH-21-006 B 1 3.83 74 CMS 1.83%0-23
LHCb BPH-21-006 - -0.20
+0.48
—.—
PRL 128 (2022) 041801 8.09 4, LHCb i .
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The branching ratio/ angular “anomalies”

dB(b — stte¢7)/dg?
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THE FLAVOUR ANOMALIES IN & — syt

[Branching ratio] [Angular distributions]

[
HIGHER THEORY LOWER THEORY
UNCERTAINTIES BY 5 K *0[ Krlptp~ UNCERTAINTIES
I
spin-1
¢)L.R ¢ ¢ ¢ 2y . 2myM ¢ M
AQHR =0 { (0 7 @) + 22 | R ) - 165 2 )| |
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[LHCb, JHEP 06 (2014) 133, 11 (2016) 047, 06 (2015) 115, PRL 127 (2021) 151801]
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b — syt ANGULAR ANALYSIS

[LHCb, PRL 125 (2020) 011802, 126 (2021) 161802, JHEP 11 (2021) 043, 12 (2016) 065, 09 (2018) 146]
[Belle, PRL 118 (2017) 11, 111801, ATLAS, JHEP 10 (2018) 047, CMS, PLB 781 (2018) 517]
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WHAT COMES “NEXT”?

[CERN-LHCC-2017-003, ATL-PHYS-PUB-2022-018 CMS PAS FTR-22-001]

MORE DATA, MORE CHANNELS, MORE OBSERVABLES (£ G. CP VIOLATION), NOVEL IDEAS ...

“PrecisioN Era”

- 1T 0.5 CMS  Phase-2 Simulation Preliminary 3000 fb~"' (14 TeV)

o 8 - SM from DHMV _m T T T T T T T T T T T T T T T T T T T ] a_L{) B BO—> K*ou,*'u,_ + CMS PLB 781 (2018) 517

. . ® LHCbRun1 Q. 2 AmAs Preiminary ~@— ATLAS JHEP 10 (2018) 047 : || with Stat. uncert. only

0 Phase-ll Upgrade - {s=14TeV, 3000 b . ] i ,
0.6 [ Projections from Run 1 data CFFMPSV fit ] 0 E] with YR18 syst. uncert.
O 1.5 B—Kuu theory DHMV — B
04 - theory JC - B
1 - ] ATLAS HL u10u6 = B
0.2 B - | ATLAS HL 110u6 (stat. only) ] -
. —0.5_— e
-0 0.5 — - —_—— ] :_ﬁ]EE
%—D— - ] -
-0.4 - F _0.5:_ %ﬂ _: :
-0.6 | H - ] .
-1 - § 0-3 ~ Finer binning
n ] R sss======
'0.8 L. 1 1 | 1 1 1 | 1 1 | 1 | | ] i -0.1—
0 2 4 6 8 10 S oi-
- 5 or—={H{HHHHFS
T P [GeV] B T e e VBN I o o
2 2, 4
q° [GeV°/cT] o [GeV?]

CRUCIAL INFORMATION FOR THE UNDERSTANDING OF THE CURRENT SM DEVIATIONS

R. Silva Coutinho 13



WHAT COMES “NEXT”?

“TopAay”

[FLAVOUR ANOMALIES WORKSHOP 2021 - SUMMARY |
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— ACDMN
1.25 AS
' — CFFPSV
— HMMN
1.001 * SM
0.75 1
&
z S 0.50 -
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0.25
0.00 w
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C9

R. Silva Coutinho

TO “BIN” OR NOT TO “BIN”?

|
J/(15)
4 1
< ¥ (2S)
dg® (1)
Cr
* ¢y, cl
/ /
ng )7C§0) + long distance cc
T T T >
am2 1 6 15 ¢* [GeV?]

|Angular|: Agp, Fr, P’s, ...
[Amplitude]: Co, Cio, hadronic terms ...
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WHAT COMES “NEXT”? (45 ol

[EPJC 78 6 (2018) 451, JHEP 10 (2019) 236, EPIC 78 (2018) 453, EPIC 80 (2020) 12]

“UNBINNED” ANALYSES CAN SIGNIFICANTLY IMPROVE THE SENSITIVITY AND
UNDERLYING UNDERSTANDING OF THE FIELD

WCS FITS THEORY-EXPERIMENTAL APPROACH “ISOBAR-LIKE” WCS FITS
1

J/(1S) [EXternal] [LHCb, EPJC 77 (2017) 3, 161]
ar “ . ~3000p———T 1 N ] LI I
< O - LHCDb :
dg? (28) ; 250 F -
) E —e— data E
2 200 total g =
[ e short-distance dl ]
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N N s interference I ! ]
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o) R N i T &
npn | ‘ ,8 O B —k = . : e . .
-------- R R . . > - N ]
am? 1 6 15 ¢2 [GeV] S 500 L1 T I P B

[theory points: UNBINNED DATA @ 1000 2000 3000 4000

(:7.0,-5.0,-3.0, -1.0) [ J mLeZ [MeV/c 2]

R. Silva Coutinho 15



WHAT COMES “NEXT”? (45

[JHEP 10 (2019) 236]

“UNBINNED” ANALYSES CAN SIGNIFICANTLY IMPROVE THE SENSITIVITY AND
UNDERLYING UNDERSTANDING OF THE FIELD

_5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
CURRENT STATISTICS o | | ]
D - T LHCb Run?2 i ]
&3 2 [ — — LHCb Upgrade [50 b : 99% CL E
050 F \ W unbinned fit -~ —— LHCb Phase 2 [300 fb’'] .
+ binned fit 1 -5 :_ ............. Bellell [50 ab-l] _:
025 " ]
1= ]
0.00 B ]
0.5 —
=025 N i
OF -
-0.50 - ]
~0.75 F -0.5F -
-1.00 = ] ] —1:_ _:
10 12 _ : i
_1 .5 B 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 ]
-3 -2 -1 0 1

R. Silva Coutinho 16
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B0 — K™0ete-
[ ] Magnet ECAL
'Y _-
SIMILAR RATE BETWEEN LEPTONS IN BELLE II o
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brem - s brem
[Belle, PRL 118 (2017) 11, 111801] . Y
1.5 T T T T T T T T T T T T T T T T T T ~
[ W SM from DHMV/LQCD | Ey
10 _ 4 All Modes _ Air
i 91 Electron Modes 1
i HH  Muon Modes
0.5 Ik ! .
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-0.5 - : # i 5’7-1 . 0.6 —
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[B N K(*)VV] [Belle II, PRL 127 (2021) 18, 181802]

BELLE II HAS A UNIQUE PHYSICS REACH TO STUDY FINAL STATES WITH MISSING ENERGY

SET A COMPETITIVE LIMIT WITH ONLY 63 fb-1!

. : : _ SM Averag
0.93<BDT9<0.95,0.95<BDT»<0.97:0.97<BDT»<0.99: 0.99<BDT, ] 0.46 £+ 0.05 £.1i0.4
I . .

T - T T T
. Belle II (63 b1, Inclusive)
1.971¢ This work
1.30 '

Belle (711 fb~ !, SL)

CR11 <R : Belle II
DL :[Ldt=(63+9) b

400

BTSKT vy

300 -
42 [ Neutral B | 1.0+£0.6 PRD96, 091101
O I Charged B |
S . ] Belle (711 /b1, Had
200 B Continuum 4 ¢ 3.0+1.6 P(RD87,111103 )
¢ Data

Babar (429 fb~!, Had+SL)

: scaled by 2 ]

100 | | 0.840.7 PRID87,112005 |
0 2 4 §) o) 10
%5 2.0 24 3.5/0.5 2.0 2.43.5/0.52.0 2.43.50.52.0 2.4 3.5 1()5 X Br(B"“-}K + ]/ﬂ)
pr(K1) [GeV/(]
Decay lab™" 5ab " 10ab~" 50ab™ "

BT - K*vp 055 (0.37) 028 (0.19) 021 (0.14) 0.91 (0.08) Py [ T1NG PLIYSICS R ANGE TO

BY — Ko 2.06 (1.37) 1.31 (0.87) 1.05 (0.70) 0.59 (0.40)

Bt — K*tvp 2.04 (1.45) 1.06 (0.75) 0.83 (0.59) 0.53 (0.38) BE EXPLORED!

BY — K*%up  1.08 (0.72) 0.60 (0.40) 0.49 (0.33) 0.34 (0.23)

R. Silva Coutinho 18



Lepton Flavour Universality @%

D
o +

Belle I

The “third” anomalies: fromb —s//to b — clv
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LHCb [Nature Phys. 18 (2022) 277] qZ [GCVZ/ C 4]
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Belle [JHEP 03 (2021) 105]
0 0 * —
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R LHCb9 fb!
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0 1 2 3
LHCb [arXiv:2110.09501] Ryo
R. Silva Coutinho
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BaBar [PRD 86 (2012) 032012]
LHCb [JHEP 08 (2017) 055]

¢ [GeV?/ct]

AY — pK =0+

0.6 [

0 2 ! 6

20



v UN
0‘3)
O %
J SUOS
o3 ‘;“;;z:.ff

CORONAT

%

LFUIN b — s [f]- [ TODAY] D s
(BT — KT¢te] [BY — K*¢ti]
x 201 20
= 0 1.50
15k ACDMN [Flavour anomalies workshop 2021 - summary |
i — AS
: L2079 cFrPsy =
T —— HMMN
- 1.00 A SM
05F
- slle
i 0.75 A
L 11 L1 |
0.00 - 20
o Y 4
b 22050 /el
Belle [Jt b
| 0.25
0.00 -
e _025 4 N e
LFU observables + Bs — uu 4
~0.50 . . VA | —
-1.25 -1.00 -0.79 —-0.50 —-0.25 0.00 0.25 050 0.75
' NPu
0 I
LHCb [ Cg 6
LHCb [JHEP 05 (2020) 040] q2 [Ge\/2 /64]
R. Silva Coutinho

A.L\

21



LFUIN 6 — s [*]- [NEXT]

D
(S
Belle I

[LHCD, arXiv:1808.08865, Belle II physics book]

Rx precision 9fb~ 23fb~1 50fb~"
Ry 0.043 0.025 0.017
R0 0.052 0.031 0.020
Ry 0.130 0.076 0.050
Rykx 0.105 0.061 0.041
R, 0.302 0.176 0.117
Observables Belle Belle II Belle II
0.71ab™" S5ab™" 50ab~"
Rk ([1.0,6.0] GeV?) 28% 11% 3.6%
Rx (>14.4GeV?) 30% 12% 3.6%
Ry ([1.0,6.0] GeV?) 26% 10% 3.2%
Ry+ (>14.4GeV?) 24% 9.2% 2.8%
Rx, ([1.0,6.0] GeV?) 32% 12% 4.0%
Ry, (>14.4GeV?) 28% 11% 3.4%

R. Silva Coutinho

MORE DATA, MORE CHANNELS, MORE OBSERVABLES, NOVEL IDEAS ...
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MORE DATA, MORE CHANNELS, MORE OBSERVABLES, NOVEL IDEAS ...

Decays / (50 MeV/c?)

Candidates per 35 MeV/c?

[LHCb, JHEP 12 (2016) 065]

- 1.1 < ¢2<6.0GeV?¥/c*
200 —
100 |- + 4 .

0 =) o,y -
800 1000 1200 1400 1600

m(K*77) [MeV/c?]

[LHCb, JHEP 1410 (2014) 064]

60} LHICbII(a)

50} ]l B*— K'mtmutuw

. j*ﬂ# y

S .+?L+.++.+++ b
1000 1500 2000 2500

m(K**w7) [MeV/c?]

R. Silva Coutinho

Qs

[Belle, PRL 118 (2017) no.11, 111801]

1-5 [ T T T T | T T T T | T T T T | T T T T
1.0 - ]
T .
[ ¢
05 ,_ k i | —
:# J‘ —
0.0
b Y ]
-0.5 - ]
10t I SM from DHMV ]
i o / /
. 1 NP Example Q5 — ’DS(:LLM) o PS(ee)
-15 I T S S
0 5 10 15 20

¢° [GeV?/c?]

FIRST STEPS TOWARDS AN EXPERIMENTAL
CONNECTION BETWEEN LFU AND
ANGULAR ANOMALIES
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SEVERAL ACTIVITIES TOWARDS B-PHYSICS _ CMS Preliminary Aun 201 (1376
% 40f [J / lﬂ ﬁtS]
(44 . " N
B-parking
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¥ F T T ] | Y i Rk
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Gl ) " 3 IRV
3006 7 : 10F | |
2000 b B » 51 A
T | A P s C R
jw J N‘)kmal pTM|SICS trlgger 0:I4|61 1 I418I IJ_SI‘I 1 I5|2I I I5I 561 58 "_.6
2 Y " 4 . . . . . . . .
100 e 'T"‘-rl e - Ke*e mass [GeV]
%s I I 2 e
h d l . o 1) c
03:25 0534 0744 0953 12:.03 1412 16:21 %70
2018-08-31 03:25:32 t0 2018-08-31 16:21:53 UTC Time
60
MOde N2018 10- Low-pT electron performa:ce (BF:arking') 50 f_
0 9 -
BY 4.0 x 10 ! New ot
B* 4.0 x 10° -
B, 1.2 x 10° Standard 30—
MS-DP-2019-04 C
b baryons 1.2 x 10° CMS-DP-2019-043 20F
0.2 —@- Low-pT GSF track (mean=0.977) I~
B 1.0 x 107 s —— - O
—@- PF electron (mean=0.380) |
Total ‘ 1.0 x 1010' L S ; ; ; 1o 10:
EleCtronDT(GeV) 0:l|llllIllll/lllllllNlllllllll

4.6 4.8 5 5.2 54 5.6 5.8 6
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T (LFU)> [PRD 99 (2019) 013007, arXiv:2203.06827]
O “BIN” OR NOT TO “BIN” :

SIMULTANEOUS UNBINNED ANALYSIS OF B0 — K*opytpu- AND B0 — K *0ete-
LU

[PROJECTION CURRENT LHCb STATISTICS (ONLY)] Cée> =M = Cé“) +1
S 2 1 1 I 1 1 1 1 I 1 1 1 1 I I I
@) —— LHCb High-Lumi [300 fb™]
0.50 - unbinned fit u >
% 1.5 - LHCb Upgrade [50 fb']

unbinned fit e

0.25

— — Bellell [50 ab™']

[
E unbinned fit e

binned fit e : T ]
0.00 - L N B
: /i Q TR R
A" -0.25 - 0.5F (\'\, P
i N ]
~0.50 | - P ) i ]
S P - —
-0.75 N K// ’
i ~= i ]
| | | | | | - -
2 4 6 8 10 12 i | | i ]

q [GeV’] T 1 0
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ALl

 B(Hy—Hervr)
R(Hc) — B(Hb%Hc,L“/u) B<B < < . > D

()’

Hy, = B, BF  AY BY... !" = e/u (B-factories) Tt
H,=D*,D°, D+ Dy AL J)p... ¢ = p (LHCD) |

MEASUREMENTS FROM THE B-FACTORIES AND LHCDb AT THE > 30 WRT THE SM

g [ L] I L] L] L] L] I L] L] L] L] I L] L] L] L] I L] L] L] _ ]’I I(‘l') R(J lr)
- 2 _ - LHCb-PAPER-2017-035 — *
~ -_m Ay’ =1.0 contours 7 0.71 % 0.17+ 0.18
04 2021 — o
[ LHCbIS - SM predictions
i D15 = PLB 452 (1999) 129
r - arXiv:hep-ph/0211021
r = PRD 73 (2006) 054024
035 — PRD 74 (2006) 074008
C 7 Range 0.25 - 0.28
B LHCbHI8 ]
- \ — I | Il 1 1 I 1 1 1 1 l 1 1 | 1 l
03[ = -0.5 0 0.5 1
] ) . R/ W)
C ~ Bellel5 .
025 F = LHCb R(A})
= - i . LHCb-PAPER-2021-044
N Belle17 World Average ] 0.242 +0.026 £ 0.040 £ 0.059
02 C R(D)=0.339 £0.026 £0014  _7]
““ L 4 Bigi 16, Gambino 19 R(D’:)) :8()-295 00100010 | SM prediction
) = -U..
- Bordone 19 i)(xl) =28% 7 PRD 99 (2019) 055008
1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 1 1 Wl(h input from
02 03 04 05 PRD 92 (2015) 034503
+
R(D) ' T R T 10'3124 _10'0P4 1 L1
0.2 03 04 0.5
+
R(A;)
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Belle IT

[Rev.Mod.Phys. 94 (2022) 1, 015003]

EXCITING PROSPECTS IN THE LFU FOR BOTH EXPERIMENTS!

Run 2 Run 3 Run4 Run b Run 6

""""""""""" R(D)
- R(D*) 1 16

*) (had FEI, lep 7)
) (had FEI, lep 7)
*) (SL FEI, lep 7)
) (SL FEI, lep 7)
)

D
D
D
D
D*) (had FEL had ) |

X) (had FEI, lep 7)

(
(
(
(
(
(
(r) (had FEI)

™ -
—
——

S
»
--------

Total uncertainty [%]
Total uncertainty [%]
—
o

-~
~N

| Pessimistic

| Pessimistic
. LHCD unofficial . Belle II unofficial
o T T e e ; ; ; 1 .
© Q © Q © © O
SIS ITIIFFISTITSSS FIFTIFLeyreTFTsese
O O P Y A A O P N N A VY LY O I VA
Data sample up to year Data sample up to year

CAN OTHER LHC EXPERIMENTS ALSO CONTRIBUTE TO THIS PICTURE?

R. Silva Coutinho
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HISTORICALLY B-PHYSICS IN CMS IS POSSIBLE USING DIMUON TRIGGER (LOW RATE)

NEW LOW-PT TAU RECONSTRUCTION
ONGOING ANALYSIS OF R(J/yw) BOTH ALGORITHM DEDICATED TO

MUONIC AND HADRONIC TAU DECAYS HADRONIC 7 — 7wy DECAY

5 06F LA

“B-PARKED” DATA ALSO ALLOWED SINGLE Ej 0.5F CMS-DP-2020-039 :
MUON TRIGGER, E.G. R(D*¥) g ; 43_ ;

2 UL ]

K 0.3F New ++_+__+__+_—:

ATLAS IS ALSO WORKING ON SEMILEPTONIC R Standard%
B DECAYS WITH RUN 2 DATA AND PREPARING ] 2__ 7 n :
DEVOTED TRIGGER LINES FOR RUN 3 01 s —'|'—_+_ .

OOE-L-I--I-I-"'T.----'----'----:
-0 5 10 15 20

Tau pr (GeV)
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D
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Belle I

[JHEP 11 (2019) 133]

WITH ENOUGH DATA ONE CAN MEASURE ALL THE ANGULAR COEFFICIENTS

Wrest frame

D*rest frame

SIMILAR “METHODOLOGY” ASIN b — s [*]-

d*T

Ly 20 I s 20+ ...
Cl612d((:0891))d(cosHL)dXOC 1ccos”“OUp + I1ssin“ Op

NATURALLY THE WC FITS IS THE NEXT STEP!

R. Silva Coutinho

Absolute oy

1 ———-- B-factory scenario average oy~ ------ LHC scenario average o7

B B-factory scenario, 50 ab™! B LHC scenario, 23 fb~!

IGc

Coefhicient



S
A “flavourtul” path to NP? “%&5%%

On the interplay between direct and indirect searches
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SUMMARY
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S ONSOTEC;);T /L é

" VERY RICH PHYSICS PROGRAMME WITH INTERESTING
DISCOVERY POTENTIAL IN THE NEAR FUTURE

® [NTRIGUING SET OF ANOMALIES IN B DECAYS

WHAT COMES NEXT? .

o [1.1
R0 [0 045, 1.

, 6]

, 6]

1

= MORE DATA, CHANNELS, OBSERVABLES, IDEAS oL
Ryt [0 045,6.0]
x [0.1,6]

» FULL UNDERSTANDING WILL REQUIRE A COMBINED P 254
6]

, 6]

B[4,
EFFORT OF DIFFERENT EXPERIMENTS B(BY = dypu) [L1

B(BY — putu)

B(B® — putu™)

Muon g — 2

R(D)
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R(J /)
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Prospects for BO) — ptp-

Large Hadron Collider (LHC)

[LHCb-PUB-2018-009, ATL-PHYS-PUB-2018-005, CMS PAS FTR-14-013/-015]

HL-LHC

[ _Runi [N Run2 [N Run3 | 1s3 |  Runa.5.

7 TeV— 8 TeV ——

ot | o L] s [ e [z [ o L] s [ [ s | 2o [ s | s [ o

BB - pwtu”) £0.6793x 107
90 %
T (0 £0.44£0.05

LHCb

current

BB — utu)

BBV — p*p)

BB — p*p)

CMS

ATLAS

BB — ptu”)

B(BY — ptyu~)
T,u‘",u— (ps)

BB — p*p)

+0.7
—-0.6

13 TeV

+£02% 107

+0.61
—0.44

+0.8 -9
Toq X 10

BB~ pu) <21 % 10710

9fb-1

+0.46+0.15 9
Tom o1 X 10

70 %
+0.29 £ 0.03

150fb-1

+0.83 x 10~°
+1.43 x 10719

R. Silva Coutinho

23fb-1

+0.30 x 10~

34 %

+0.16

300fb-1

+(0.43 — 0.46) x 107

50 %

+0.15

300fb-1

+0.16 X 107°

10 %
+0.04

3000fb-1

+(0.39) x 107°
21%

+0.05

+(0.46 — 0.55) x 107~
+(0.28 — 0.54) x 10710
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Prospects for BO) — ptp- o

[JHEP 05 (2017) 076]

Large Hadron Collider (LHC) HL-LHC

[ Runi [N Run2 [N Run3 | s3] Runa.s.. |

7TeV— 8 TeV— 13 TeV 13/14 TeV

e | v e ] o [ ave Lo T v Lo o] v [ [ | e [ s [ e [ oe
LHCb Run 4 projection LHCb Run 5 projection
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Prospects for BO) —

[JHEP 05 (2017) 156 ]

1071 - o i
2017 # LHCb limit
0 2009
104 | 2013 CDF limit |
* CDF limit 1
10°7 ; SM ' ' 7
10 7 2017 LHCD Universal
1077 + CMS & SM New Physics
| Scenario
10713 - SM
1016 I BBy —1t"t7)  B(By— ptu) B(Bs — ete)
[PRL 118 (2017) 251802] [PRL 124 (2020) 211802]
6ATLASCMSLHCbSummerZOZO . et
T F " Preliminry ] % 2015-2016 dat ]
= osE _ 2011-2016data 3§ > LHCb - B'> ote- .
= - ) T~ . é) —_ fusll model |
+§: 04 - E < 400 [ combmatonal __
03 5 / E — B B — D'et v, decays
! E/ E Z B— Xe*e™ decays
2 g2F = B X, i'e” ¥, decays |
Q ! ] 3 B— h*h'~ decays
0.1F 4 B 1
T S | \3 g
L - U T
0 0.0005 0.001 0.0015 0.002 0.0025 0.003 01 s 0 —— oo sos g g b

B(B"—1t77) 4500 5000 5500 © 6000 6500

BB — ptu) (107 m(e*e) [MeV/c?]
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Prospects for B+ — Iv
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Belle IT

Unique opportunity for the Belle II experiment (with missing energy

B(B " —¢ " 1) relative uncertainty [%]
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—— Bt outy,

—— Bt o7ty
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Integrated Luminosity [ab—!]
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[JHEP 05 (2017) 156 ]

)

Exp. |V,s| relative uncertainty [%]
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What about other leptons? [BO — K*0e*e-| % Wy DA%

SYR
AL\%

Belle IT

Challenging analysis for LHCb

Similar rate for muons and electrons in Belle 11
[LHCb, JHEP 08 (2017) 055]

[Belle, PRL 118 (2017) 11, 111801]

% T LHICb E AOMHQ SQMM.- ) (
15 . . . . T . . . ; r ; ; . . : . . . . é) 30 ...... BO%K*Oe‘*e— _E (-QPILOMIC S|9Ma
V @ SM from DHMV/LQCD | %2 o Comaorial 3\ &= DO
- : 8 20 —Xe e~ = Lykrt
1oL 4 All Modes ] z s WK Iy A
' i - T 9 Electron Modes g 10 1.1<¢><6.0 [GeV¥/c*] 3 RY— vl
[ HH  Muon Modes E st o // (+1)
0-5 ‘,' } ] ] SE e ———— f | / >
i . | R e s et e — . -
i L ‘ T ] 2500 5000 5500 5000 w(®) knll mass
<10 0.0 —a— 1 m(K*mete”) [MeV/c?]
i —t— ",
[ e 4 [LHCb, CERN-THESIS-2018- 074]
-0.5 b , - — :
i > 16
-1.0} ? - S 14E o
I . nE
i 10E
-15 I T S B 8
0 5 10 15 20 6 10
2 2 /.2 4 4
[GGV /C ] -_;: 5 - 2 Ta
4500 5000 5500 6000 4500 5000 5500 6000 !

m(K'wete), [MeV/c?] m(K*me*e), [MeV/c ]
Interesting complementary to LHC results
Current sensitivity for P’s at ~0.12 in 1.1-7.0 GeV g2
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What about other leptons? [BO — K*07 *1-] % B sl

[JHEP 05 (2017) 156,EPJC 80 (2020) 12]

Experimentally extremely challenging, in particular for LHCb

Belle II will ofter unprecedented sensitivity to this mode

dB(B* — K*p*u™)/dg®

Imprints of B0 — K*0t'1-

B(BY — K*'r7) (had tag)
ab™! 7”Baseline” scenario ”Improved” scenario

1 <32x107° <12x107°
5 <2.0x 1073 < 6.8 x 1074
10 <1.8x 1073 < 6.5 x 1074
50 <1.6x 1073 <5.3x 1074

R. Silva Coutinho
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D
(S
Belle I

Production polarisation of charm mesons, with
non-zero spin, produced from X, — X7 v decays

D*
fL —

160
140
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-
o
o

80

Events/(0.333)

40F
20

New channels, e.g. Ab = Actvand B — D™ tv

(D)

[PRD 79 (2009) 1, 015003]

(D) + (D7)

~ 45% in SM
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60F

AN

|
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\\

- — Fitwith F,"=0.6

0
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_IIIIIIIIllIIIIIIIIIIllllIlIIIIIIIIllllIIIIIIIIlll
1 -09-08-0.7-06-05-04-03-02-01 0

cos 0,

R. Silva Coutinho

P.(D*)

7 lepton polarisation can probe effects of NP

A-=+1/2 _ pA,=+1/2

Scalar
Vector PRD87 034028 (2013)

Tensor

PT =
A =41/2 Ar=+1/2
I_ T / _I_ I_ T /
1 1 T T T l T T T T I T T 1 T l T |
Belle Il Projection -
—— Belle Combination .
. SM prediction: PRD85 094025 (2012), PRD87 034028 (2013) —
0.5 — —

IIIIIIIIIII

1 I 1 1 1 1
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Current plans at LHCb with hadronic
three-prong t decays
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[Preliminary - LHCb-PAPER-2022-008]

Lepton flavour is not protected by any fundamental symmetry in the SM

Many models explaining LFU breaking naturally predict the LFV

Recent search performed at LHCb

~ 40
C ~~ E ) 1 T T
R LHCb | o, F LHCb | :
; 35: 9fb—1 8 5 - fb_l U LHCb 7]
s F 0 K0 e > 10°F 9 - I
= 30f B =K "ure 9 = I data 08 ot ]
Ue) : I data 2 4 S i T BO_>J/1/J(_>M u )K 0 : —§— Observed :
(:]/ 25k H . —_— bkg — Only model 3 1 O ..... combinatorial bkg —_ —— Expected __
8 oo — bkg + sig. model § ] B %J/'(/}(%‘u u )K 0.61 — ii‘; _
< G sig. scaled A A =J (=t p K : ‘ :
Sk M| e Eeiwcwoki, | 0ab .
@) 10;_ 8 " ............... . ':'::‘ ; b B 0—>J/’l/}(—>‘u u" )(p : :
55_ 10 LN I 0.2 __ —_
ob o AT e - N AN (| [N N e "
4500 5000 5500 6000 6500 : o Wi 0 . x10
m(K* 7 u*e®) [MeV/c2] 5200 5300 3200 3500 5600 5700 5800 590 0 5 10 15

my,, 5K 7w ) [MeV/c?] B(B*—K " u=e¥)

B(BY — K*uFeT < 9.9(11.6) x 107°

Two orders of magnitude than previous searches
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LFV analyses [next|

Decay | Limit @90% C.L. Upgrade | Upgrade |

B >eu
B, »eu

B*>Ke*tu-
B*—>Ke-u+
BV >K0ute

B >KOu-e+
BO >KO0u+e-

Bi—)iiie

Significant improvements foreseen for the next decade

1.0 x 10°
5.4 x 109
7.0x 107
6.4 x 10°
9.9 x 10°
6.7 x 10-°
5.7x10°
1.6 x 108

3 fb' (Runil)

3 fb' (Runl)

9 fb! (Run1+2)

R. Silva Coutinho

JHEP 03 (2018) 078

Phys. Rev. Lett. 123
(2019) 241802

LHCb-PAPER-2022-008
(preliminary)

Also: BR(t - pu up ) <4.6 x 108at 90% C.L. with 3 fb”! (Run1)JHEP 02 (2015) 121]

~2 x 10-10
~8 x 10-10
~4 x 10-10
~4 x 10-10
~4 x 109
~3 x 10
~4 x 10-°
~4 x 100
~3x 106
~8x 106
~1x105

~3 x10-?

~9 x 10-1
~3 x 10-10
~7 x 101
~6 x 10-1
~2 x10-°
~1x10°
~1x10-°
~4 x 109
~1x 106
~3 x 106
~5x 106

~1x10°
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Belle IT

[LHCDb, arXiv:1808.08865, The Belle II Physics Book]

Reaching an interesting range for BSM physics
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