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'The flavour puzzle

ENe
$421.1105 22404 .

gSM — ggauge(lljb ) T gHiggs(Wi’ ’ H)

—1 o
ggauge — Z H (F,uy)z + Z %lEyjz gHiggs — gH T gYukawa
i=1

Only Yukawa interaction distinguishes the families

3 identical replica (1 = 1,2,3 ) of the same -
family differing only in mass Yckm nearly diagonal

U C
Gauge interactions have the same ' J
amplitude for all the families: Lepton \
Flavour Universality (LFU)
Flavour is conserved: stringent limits on
Lepton Flavour Violating (LFV) decays Vo 4
d )

= Why 3 generations? , o . .
= What is the origin of the hierarchy In

= What is the origin of their different quark-mixing? W
mass? ___l,
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| The flavour puzzle

gSM - ggauge(l//i’ Aa) +Z (l//v Aa’ H)

—1 S
ggauge o Z 4g2 (F//ll/)z T 2 l//zlﬂ% Zz o gH T gYukawa

Only Yukawa interaction distinguishes the families

O —

I ~ — —————————

3 identical replica (1 = 1~ | - —
family differing only in m Is there New Physu:s out there‘? |

- — [

Gauge interactions have the same | ..

amplitude for all the families: Lepton \
Flavour Universality (LFU)

Flavour is conserved: stringent limits on
Lepton Flavour Violating (LFV) decays

d S

= Why 3 generations? , o . .
= What is the origin of the hierarchy in

= What is the origin of their different quark-mixing?
mass? |
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= Precision measurements in b rare decays can be
sensitive to possible New Physics contribution

= ) — SCC processes

> Suppressed in the SM (they can happen only
via loop or boxes): small BR ~10-7 - 10-6

» New physics mediators can enter in the loops
and modify the amplitudes

= h — cfU decays
> Tree level processes: large BR (few %)
> (Clean Standard Model predictions




b decays @ LHCDb

= LHCb forward detector: 27% of b

S —_— ' hadrons produced from pp collision
AN inside acceptance (B*,B",B,B .. A,...)
' \‘\ .Q "E\ N ' : i ) )
. RO T N ¥ | — Good trigger on displaced tracks
\ 2 [l Wagners/ | Az (e.g. heavy meson decays),
SN b N, el KN ot especially for di-muons channel
T A HIEH V| @ B (~90 % efficiency)
= iy = = Good PID performances from RICH
- Fap =g - 1,2, ECAL and Muon Stations
-k g = > Electron ID ~ 90 % for ~ 5 % e=h mis-id
N\ v > Kaon ID ~ 95 % for ~ 5 % m+K mis-id
[ 5 > Muon ID ~ 97 % for 1-3 % 1+ mis-id
- = Excellent tracking performances

(~96% efficiency for long tracks)

» Ap/p=0.5%atlow momentum
» |Impact parameter resolution: (15 +29/

- pl[GeV]) um |
JINST 10 PO2007  airXiv:2008.11556 |
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http://iopscience.iop.org/1748-0221/10/02/P02007
https://arxiv.org/abs/2008.11556

= Precision measurements in b rare decays can be
sensitive to possible New Physics contribution

= ) — SCC processes

> Suppressed in the SM (they can happen only
via loop or boxes): small BR ~10-7 - 10-6

» New physics mediators can enter in the loops
and modify the amplitudes




b — s£¢ decays

= Large variety of observables available:

» Relative rates of b — su "y~ and b — se™e”, of the form
EPJ C76 (2016) 8 440

1+ 0(10_2)

* are clean: QCD uncertainties cancels out in the ratio
 are predicted by the SM with very high precision

» Angular distributions:

** Study the angular mformatlon of the final state
particles (e.g.in B —» K*u*u™)

» Single branching fractions:
* eg B->K*uTu ,B,—> ¢puTu...

* Suffer the most from theory uncertainties



g° = m*(£T¢~) PRL122(2019) 191801

[LFU ratios: Electron vs Muon

5 25r
S
= Relative rates are sensitive to differences ECAL ™
) Tracking U
between leptons: s
Tracking | |
| | . 10
’/VB—>X/4"‘/4— € _Xoteo- | J P B

Ry =

'/VB—>X€+€_ €B—>Xﬂ+ﬂ_

Vertex

50 52 54 56 58 60
m(K*u ,u ) [GeV/cz]

10°

= Most electrons emit bremsstrahlung photons before the magnet: 10°

> Need to recover the photon cluster energy e

= High occupancy in the electron calorimeter:

» Higher energy thresholds — lower statistics

> Three exclusive trigger categories defined:

% e* from the B candidate; K* from the B candidate; rest of the event o il B
46 48 50 52 54 56 58 6.0

— Worse p resolution, lower PID and tracking efficiencies than for muons m(K ete) [GeVier]

——t



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.191801

Experimental strategy

BY — K+(28)(0+(7)

= Relative rates are measured as double ratios i
T
'/’/B—>X//t+,u_ '/’/B—>X( —ete™) €B—>X( —>utu~) €p_Xote— Bt — K+ L)
RX — . . . k/y\
*/VB—>X( —Utu") ‘/’/B—>Xe+e— €B—>X,u+,u— €B—>X( —ete™) unly A
X =K,K*A,...

= J/y — £ satisfies lepton universality at 0.4% precision (PDG)
= Reduced systematics due to leptons reconstruction differences

arXiv:2103.11769

= Two ingredients:

, , 9 — LHCb L 600F LHCb
» Double ratio of yields: 2 200 By —— Data 9 fb” > o0k —— Data 9 fb’'
: : : 180 A — Total fit — Total fit
% Fits to the invariant mass of the % 160 £ I pokee | owb P10 B Ky
final state partic|es = 140 7 ) S Combinatorial
§ }(2)8 B Part. Reco.. % 300
> Efficiencies of the four decay S s0p comomeent B ool
modes: g OB N N ke~ 1640 | S F N pskun ~ 3850
% Computed from simulation S s PR NN 7 A,
(Calibrated using data from 5000 5500 6000 5200 5300 5400 5500 5600
m(K ete”) [MeV/c?] m(K ut ) [MeV/c?]

resonant channels)

—7_|b


https://arxiv.org/abs/2103.11769

Cross-checks: 7, and R s,

— Bt — K+p(28)(0+07)

- Extensive use of and B - X (w(2S) — £%¢7) T
to check that efficiencies are under control I |
Bt — K0t
. BB — XJh) (= ptp=))SM /J k/v\
> Check: Ty = - =1 [0.4% precision (PDG)] 2 2
BB—=XJi(—eTe)) iy =
— 0.30r — T
S b)) LHCb = [ LHCDb
E 0.25} \\? simulation g LT
£ 0.20F k‘\\%{wk\ 16 = +
S _ m .-\‘\\\ \\\ B — Kee 1-_ .............. ++ ....................................... + +—+— ........
+ absence of trends on any 0.1} \\\\\“\\:&\v | _ &5 &8
kinematics variables oror NN e ‘H' -
0.052— 0.9:_
0.00* I4}OHH4{5 5.0 | 5.5 _112I3I4I5I6|7lsl9110111I12|13114115116
log (max(p(I™), p(I))) max(p(I*)), p(IN) x a(l*, ") bin number
B B N X 2S N B B N X J/ - ee SM arXiv:2103.11769
> Check: R,5 = ( (p(23) = pp)) B Uy = e€)) STs | 19 precision (PDG)]

BB — X(J/y— uu)) BB — X (2S) — ee))

Validation of the double ratio procedure (effective cancelation of syst uncertainties)
—_18 _


https://arxiv.org/abs/2103.11769

| b — s£¢ ratios status

— LHCDb recently updated the measurement of Ry using Ofb~!

» 3.10 from SM: evidence of LFU violation ArXiv:o103.11769 L1 < mz(fJ’f ) < 6 GeV2
> Electron seems to behave more SM like than muons if' : 0042, . ~+0013

RK — O 846_0 039(stat)_02012(sys)

B SM prediction ] — B ———— —— =

~ l4r

= LHCb
C 9 fb—l

— —
(@) \&}
T T

—e— muons 3fb! - - — B = = =
i ‘ :

| I

=0, 081 = 0.020(star + sys) ;4

Profile of —=In( L/ L,
dB/dq? [10° x c*/GeV?]
— (&) w - N
I

[\ -~ (@)} oo
TTTT T T TTT T TTT T

3 S— | | R p2s) = O 997 + 0. Oll(stat + Sys) ;
| R, %""5'""lb""l's'q'z'[éez'%z'/c'ﬂ
= Other LFU ratio @LHCb: JHEP 08 (2017) 055

JHEP 05 (2020) 040

R =117t018+0.07 for 0.1 <m*£*¢7) <6 GeV?

Runi1 + 2016: compatible with the SM

. 0.6679 75+ +0.03  for 0.045 < g% < 1.1 GeV3

x0 —

A 06970 £ 005 for1.1 < g?< 6.0 GeV?
Runi: 2.10(2.40) from SM

= Near future:

» Update of Ry« with the full data set
» Ratio measurements with many more decay channels: Rg , Ry, Rg, - - . | |
S 9


https://arxiv.org/abs/1705.05802
https://arxiv.org/pdf/1912.08139.pdf
https://arxiv.org/abs/2103.11769

| B —> K*y

- The angular distributions of the B — K*u™u~
decay is described with cos(6,), cos(Oy), ¢

+/4 ~ angular distributions

— The coefficients F;, Agp, S; are sensitive to

New Physics
- New basis of P; operator to reduce form
factors uncertainties: e.g. P! = >
V(1 — Fpr)
———— :
i ] . =S | _
L Ifgﬁagfb_l i = Recent angular analysis of B — K "™~ (91b h
s SM from DHMV 1 showed tension in the SM consistent with that found in
0.5 = 7, SM from ASZB ] *O) 4 —
| - B— K" umu
A g4 ¢ T :
: — T —1 . ] = Global significance of 3.1c
0se ] u mmmplz = Near future:
E I—O—W —e—i i . . _|_
Sys - » Angular analysis with electrons: B — K*ee, B —> K™ ee

B Y S Y P L
0 O 10 15 PRL 126 (2021) 161802 —__|»
q° [ GeV?/ ] 10


https://arxiv.org/pdf/2012.13241.pdf

C()herent attern? % 1078 arXiv:2107.13428
p ° * 4k tmes —3— LHCb 9fb ™’
N ] LHCb 3fb™'
E 12 SM (LCSR+Lattice)
N 3 SM (LCSR)
= 10 _
- Also b — suu BR are measured to be consistently 3 skt -
lower than the SM prediction... Lopo Iy y(29) :
—>5 °F P
~ Many decays studied: B — K%+~ {/ﬁ PO e ; —i=
* - — —_— S — .—i— -
B"® — Ky u= B’ - p*u~ B — gutu~ x % :
IC ! | 1 1 | . 1 I 1 ]
[JHEP 06 (2014) 133] [JHEP 04 (2017) 142] [JHEP 09 (2015) 179] [JHEP 06 (2015) 115] % OO 5 10 15
g* [GeV?/c!]
= All the anomalies are pointing to the same T = "aG=-aci
effects: a shift of Cy and C,, Wilson coefficients e — /
— New physics is contributingto b — s£¢ - v
process? TN
. . 5 & """""""""""
— Can these effects be attributed to incorrectly 3 ”
| 7 \ (\ ZX el
estimated charm loop: - =
- More measures needed (and coming) to help — o] )
solving the puzzle R

~1.5 ~1.0 —0.5 0.0 0.5 1.0 |
. bspup
arXiv:2104.00015 ACy


https://arxiv.org/pdf/2107.13428.pdf
https://arxiv.org/pdf/2104.00015.pdf

Wh nOt b % STT B ? PRL 120 (2018) 181802

= taus could be the most sensitive to NP, still largely unexplored

= More complex experimentally

» Neutrinos in the final state, m(z7) weak discriminant
» No 47z coverage at LHCb

| B Rym&Rm 20
-_ g RD(*)&RJ/LP 10
{ B Br[Bs> 1]

| W Br[B->K*r1]

{ I Br[B->Kr11]

| O Br[Bs=¢r1]

10*

Br x

= Usually searched with : 7 — a,(1260) v, — p(770)07r_1/T AR

> Study intermediate resonance forms cross-shape

RX/}?;iM
. . . . BT
- Exploit a large variety of MVA techniques o HChsimulation 5 4
> |solation, selection and fit variables 2 T el 3 . 3
S [ ik R 0 A
ool (i R
= Difficult choice of control regions to model the background & a | s

» Pseudo-Dalitz plane: define signal and background boxes

600 —Hp - LR e 2~
SM prediction | Limits @90% CL | E . e
B? - 17 (222£0.19)- 10 | < 1.6-10% (LHCb) | | 1 4| 1ok upgrades ST oA
—7 . 103 ] 200 b 1L g
BY - 11 (7.73 £0.49) - 10 <5.2-10™ (LHCb) | — 2y yields for fully 200400 600 Somn,,ﬁm[)Meléc/)SZ]
B° - K0z | (0.98+0.10) - 1077

BT = Ktr1 (1.20 = 0.12) -

Ongoin : *
9 39 hadronic decays! PRL 118 (2017) 251802  PRL 118 (2017) 031802 |
<2.3-107° (BaBar) —
12


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.031802
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.120.181802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.251802

= Precision measurement in b rare decays can be
sensitive to possible New Physics contribution

Charged Current

= h — cfU decays
> Tree level processes: large BR (few %)
> (Clean Standard Model predictions




LFUwith b — cfv

— Observables:
> Relative rates of b — ¢t~ U_versus e/u decays, of the form:

B(B — D™ rv) S_MO 72 40,05
B(B— D®py) 0T

Ry =

» clean: hadronic uncertainties and IVcbl cancel out

- Complicate final state due to
missing energy from neutrinos

- Very busy environment, B
momentum unknown

_

= Large statistics




'Muonic' 77 = p v,

PRL 115 (2015) 111803

= Normalisation and signal channels with
same visible final state

» reduced experimental systematics

‘ . T > an Ay,
Hadronic

L T > ot 'y,
TV” PRL 120 (2018) 171802
D’ -
D‘ V
y B ZZ:;G;“\ . A normalisation channel
P | .3 with similar final state

BB’ - D" "tT)
%(BO —> D*_][+]Z'—7z-+)
@(BO —> D*_ﬂ+][_][+) From LHCb Belle BaBar ~4%

B(BY — D*~uty,)

Measured: K(D ") =

R(D)=K([D™) -

From HFLAV ~2%

= Precise reconstruction of displaced 7 vertex

- Precise B and 7 line of flights

reconstruction (only one v)

= Good signal/background ratio (no
semileptonic bkg) | |
14


https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.115.111803
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.120.171802

Candidates / (0.3 GeV%/c*)

Pulls

Fit variables:

m2

'Muonic' 7 =y v,

PRL 115 (2015) 111803

= (pB — Pp+ —p’u)z, qz — (pB —pD*)z, E/;k in B rest frame _

- Data
I B - D*tv

4000

3000

2000

1000

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

Illlllllllllllll

Candidates / (75 MeV)

.

I B - D**lv

I B - D*uv
Combinatorial

P Misidentified p

B B - D*H (~ VX)X |

lllllllllllll

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

6. 8, .0
m2. (GeV/c™)

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

2000 2500
E,* (MeV)

1500

— E;f spectrum softer when y comes from the 7 decay

OinB — D*uy,

2 —

= (0.336 =
2.10 above than SM

AR A AL A7
™ = natn 'y,
PRL 120 (2018) 171802

‘Hadronic'

Fit variables:
BDT put q* = (pg — pp+)*, t, T decay time

Projections in the bin with the hardest BDToutput

>0 - 60 ‘ —— Data
- —— Total model
50 - B@B > D ttv,
40F B — D:*_T++Vt
: B — D'"D!(X)
30 EMB— D D'(X)
e B—->D 3nX
20F mmB - DD"X)
- I Comb. bkg
10 E

40 F

30k

20 F

10

0 0.5 1.0 1.5 2.0 0 2 4 6 8 10
t. [ps] g* [GeV?*/ ¢4
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.115.111803
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.120.171802

B(B, — J/{71v)>M
B(B: — J/¢pv)

= LFU test with different spectator quark Rj/y = = 10.25, 0.28]

Interval due to the choice of
the model for form factors

» 7 reconstructed via ‘muonic' mode: 7 — u v,

» FIt variables: mmISS

= (PB

— pj/w)z, E7 in B rest frame, decay time of the B,

2 2
— Py — P9 = (Pg
16000
314000

12000

lllllllllllllllll

Mis-ID bkeg.

" J/y comb. bkg.
B — X, (1P)I"v,

B B; aJ/t//z' V.,

1 I
———

7

~ o0
S O
S O
o O

I
(-
-
O

S

-

-

-
Candidates per bin

Candidates / (0

IlllIlllIlllIlllllIlIlllIlllI

Candidates / ( 0.6 GeV?/c*)

20 above the SM

Bl B - Jyutv,
B /v +u comb. bkg.
— P
B B - y2S)l',


https://arxiv.org/pdf/1711.05623.pdf

Status of LFU b —

BaBar hadronic tag

PRD 88 (2013) 072012 E PR ——
0.332 +0.022 + 0.018 5 04

o . Belle hadronic tag 5
= The combination of PROQ OISO s
Belle SL tag 135
R D and R D* measured PRD 04 (2016) 072007 o
Belle 1-prong
from LHCb, Belle and | sy =
BaBar sh 3 LT BN
abdlr ShOWSs a 50 0336 +.0.027 £ 0,030 T
LHCb 3-prong : :

tensions with the SM IO PAPER 207017 e .25

LHCb average
0.310 £0.016 = 0.022

Fajfer et al. (SM) | 0.2

PRD 85 (2012) 094025 i
0.252 +0.003 ;

cv @LHCDb

I I 1 I I I I I I 1 I I I 1 I I
[ ] HFLAV average AXZ = 1.0 contours

LHCb15

BaBarl2
30
LHCb18

F Bellely — _ Bellel5

0.3

Bellel7

+ Average of SM predictions HFLAV
R(D) = 0.299 +0.003 __Spring 2019 |
R(D*) = 0.258 +0.005 P =27% _

| L L 1 B

0.1 0.2 0.3 04 0.3 0.4 0.5
R(D*) R(D)

S
o

= Near future:
» Update measurements with Run2 data (3.5 X B meson + better trigger efficiency)
» Simultaneous measurements of Ry« & Rpyo and Ry« & Ry«

» Exploring other channels: R, , Rp, ... as well as angular observables

» Add latest theory inputs from form factors |
17



| LFU and LFV

arXiv 1805.09328

= LFU anomalies observed in b — s and b — cfv

4.0
decays renew the interests for LFV ) L
S 324 Exdudedat90%cl T ARk = —0.2
» LFUV generally implies LFV X
| 5 2.4-
= Same models (e.g. Leptoquark) can explain both LFU +
ratios and lead to sizeable LFV: , IT< 1.6 -
_ 1 — R s
T 1\ AU . —8 K M 0.84 \ U e
B(B - Rp~T ) ~2-10 ( 0.23 ) arXiv 1503.01084 Q
— Measures of rates for such decays can help to constrain %0 15 30 45 60 75

Beyond Standard Model theories B(t-uy) x 10°

» NP predicted rates accessible to current experimental
reach

—


https://arxiv.org/pdf/1805.09328.pdf
https://arxiv.org/pdf/1503.01084.pdf

JHEP 06 (2020) 129

ni+2 9_

LFV with taus
B+ N K+//t TI

- Uset™ = nntn (7",

° . *
— New technique for 7 reconstruction: use B™ from BS20

» BT flight direction and energy from mass constrains and
PV and K™ u~ vertex info

» K~ momenta (two-fold ambiguity)

35 —— Data LHCb

WE — Fit BDT bin 4
» Resolve the ambiguity requiring missing energy > 7 track N B, signal
: 7 non-B_; signal
nergy (/5% of confiden
energy (/5% of confidence) 20E -~ Background

= BDT against combinatorial background

Candidates / (0.2 GeV?)
o

> Control sample adding a prompt kaon of the same sign
as the one in the K"~ pair (SSK)

AdKTN

&&\ e

o N N SURNN N, N
e p—— - : -

~a

1 2 3 4 S 6
= Fit to the missing mass distribution in BDT bins m2.  [GeV?]

miss

B( B+_3(+_'u-:7--+) Comparable with the world-best limit
- , f — I — —_|,19 -



https://link.springer.com/article/10.1007/JHEP06(2020)129

3fb™ I

LFV With tau S PRL 123 (2019) 211801

O i i _ — 1400 Same-sign data LHCb
B(S) — 1 //t % %1200
— l 0 = E1000
- Uset = o an (), : E
— B mass analytically reconstructed from = = o
kinematics constrains ;‘zz
= Background proxy from same-sign data Mo
» BDT anti-combinatorial + isolation-based BDT 3 B LHCb
o g BDT bin 4
» Decay time cut to reduce partially =
reconstructed decays g
Q 20 ‘ . L
— ‘Final’ BDT: Same Sign data vs MC TIRTENTE
| N Eégi* HH H%*“”*%ill%
= Simultaneous fit in bins of BDT and B mass | S S
4.6 4.8 5 5.2 5.4 MBS[6(}6V/C25].8
Most stringent =+ | B(B? — tT4F) < 14 x 10> *‘
B HT) @95%CL | ,
First [imit — | B(Bg —> T“Iu") <42 X 10_5 ‘
I . o ___120


https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.123.211801

- Normalisation DT - z7p( = £7¢7)
JHEP 06 (2021) 044

= Fit to the 3-body invariant mass
— Limits set between 1.4 X 1078 and 6.4 X 107°

PRL 123 (2019) 241802

— Normalisation BJr +/l//( — £77)

B(BT"— Ktp et)/107”
B(B*—

7.0

6.4 90% C. L.

Ktute )/107°
’ )/ world-best limits

JHEP 03 (2018) 078

channel

expected

observed

B(B)— e*p™)
B(B°— e*uT)

5.0 (3.9) x 10~°
1.2 (0.9) x 10~°

6.3 (5.4) x 1079
1.3(1.0) x 10~

world-best [imits

Candidates/ (4
& 8 B
Ll l Ll I l

A
o
Ll

LHCb

----- Non-peaking
==+ Dtoanrw
- Dfonnm

Total

W Dt s atetu”
554 DY = nhetu~

2000

2050

1850 1900 1950
m (nttetu™) [MeV]

Df = mptut - B

D+ — Tt — >
Df — K pp* - x |
D = K ptp™ — e |
D+ — W—/‘+e+ —1 X  Observed K |

Dy ¥ — et pT Expected (o |
D+—)7T,u6——:|:10,:t20 =% l
D+ — K~ u+e+ BaBar ¥ |

D} = Ktetu - CLEO = |
Df - Ktute o LHCD i |

Df = etet 4 K1

Df — nrete™ 4 x|

+ S
D} kere| LHOD R

lll]lll I 1 lll]lll 1 1 lllllll ]ll 1 |
1078 107 10 1079 |
Upper limit at 90% confidence
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https://link.springer.com/article/10.1007/JHEP06(2021)044
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.123.241802
https://link.springer.com/article/10.1007/JHEP03(2018)078

Conclusion & outlook

LHCb —— LHCb Upgrade | LHCb Upgrade II
——--;
Ling~ 8 fb-1 LS2 £=2x10% L — > . ~50fb" LS4 =1-2x10% o~ 300 fbrt

>

2017 2015 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2020 | 2027 | 2026 | 2029 | 2090 | 2091 | 2032 | 2033 | 2004 | 2035][]] | 2040

| LHCb Upgrade | T_ LHCb Upgrade I(b): incremental

installation starts improvements/prototype detectors

= Flavour physics is one of the most interesting area for NP searches
» Flavour Anomalies can be confirmed or disproved in very near future

= LHCb is going to give its contribution!

> Several LHCb measurements to be updated with the full dataset
> Run3 is about to start (~3 times data in 3 years)

» |LHCb detector undergoing staged upgrades

N/

% Replaced vertex, tracking detectors: Better vertex resolution> Reduce background from

Reduce statistical +
data-driven models
uncertainties

o , o charged and neutral tracks
% Removed hardware trigger: Better efficiency Electron modes more accessible

= Belle Il work will be fundamental for NP searches (next talk) —_L
2o |







LHCb upgrade - Phase I

= New Vertex Detector
= Pixel silicon detector

= Trigger-less readout
- Software HLT on GPU

= New tracking stations:
= Scintillating Fibers (SciFi)

Side View

L HCAL

ECA M4 MS

SciFi ~ RICH2
Tracker e

--------- and Silicon micro-strips
Vertex Uiy o :

Vertex ) RICH: New PMTs + new
.......... — Ll . electronics

= Calorimeters

= PMT gain reduced by a
factor 5, FEE redeveloped

.....

= Muon system

= FEE redeveloped |
281



arXiv 1812.0/638

LFV and LFU prospects

1.00 1.00
_ I I
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Whyvnoth — st71~

= Decayv vertex position reconstructed from pions tracks

e Minimally corrected mass: M. = \/ M?Z_+ pZ sin’6 + p,; sin @

VIS

= Hadronic decays can be reconstructed analytically

e Impose the constraint m_= 1776.86 MeV

— — 2 -
(mz? + m327t) I P 37t| cos f + E37t\/(m12 o m?%zr)z o 4m%2‘ P 3JZ'| sm2 v

o || =

2(E3, — | P32 | cos? 6)

= Momentum direction from tau and B decay vertices

e Refit of the decay chain applying mass constraints:
e Improve mass resolution
e Need to initialize the fitter, analytic reconstruction can be used

e Fitter can fail, reduced efficiency

RY/1



Rare b decavs

= Precision measurement in b rare decays can be sensitive to possible New Physics
contribution

= They can be described by an effective theory (low energy process):
1G g

Hepr = —=VaVis ¥  Ci O,
C.— CSM 4 ONP Effective coupling: b/V\ S
: l l ‘Wilson Coefficient'
[ ¢
Ca,10 '
O; Local operators e ’ ) Os10 / _
= NP can introduce new operators or modify N : S
the Wilson coefficients, depending on its
structure



B —» K*u

+,bt ~ angular distributions

3
= 35~ Z(l — F1,)sin® 0k + F}, cos® Ok
1
+ Z(l — F1,) sin® Ok cos 26;

— FY, cos? Ok cos 20; + S5 sin® O sin? 6; cos 20

+ S4 sin 20 sin 26; cos ¢ + S5 sin 20k sin 0; cos ¢

—+ gAFB sin? O cos 0; + S7sin 20 sin 6; sin ¢

+ Sg sin 20k sin 26; sin ¢ + Sg sin® O sin® ; sin 2¢

—_



'The flavour puzzle

gSM - ggauge('ﬂia Aa) T gHiggs(Wi’ Am H)

3
Lyge = 2, 7oz Fu) + LB,
a “ i=1

3 identical replica (i = 1,2,3 ) of the basic
fermion family differing only in mass

Gauge interactions are the same for all the
families

= Why 3 generations?

= What is the origin of their different
masses?

= What is the origin of the hierarchy in
quark-mixing?

gHiggs — °<ZH T gYukawa

Only Yukawa interaction distinguishes the families

Ouark O/ 'V *dgk H + he. — dff M* dgF + .

sector: g iy *uXH_ + he — it M, ugk + ..
Only one mass matrix at time can M, = diag(m,,m_,m,)

be diagonalised (for gauge N .
flavour invariance) My = V' X diag(m,,m_,m,)

u

V CKM appears 1n charged-
current gauge interaction
(mixing u and d)

—
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