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A\Detezbor
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ARare decays
ALepItmrm wniiversd|iyy

ACharm and beauty spectpssoppy
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%) ~40% of heavy quarks in. *-<4% of 4p W

RICH Detectors: - Muon:
95%e(KY) @S%W o(n)=97%@2£3% pY mmisID

pp-interaction point

ECALISH(pY)=7MeV/c2

The most precise t(B) Tracking: [
Dp/p =0.50.6% for S5<p<100 Ge\d/

The most préecise- B-masses

O(50fs) resolution for
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Run [+l

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2018

1fb‘l@ , “ W . 2018 (6.5 TeV): 2.19 /fb
. 2017 (6.5+42.51 TeV): 1.71 b + 0.10 /fb
. 2016 (6.5 TeV): 1.67 /fb
2{b 1 @8TeV
8fb! @ 13TV

2015 (6.5 TeV): 0.33 /fb
a 2012 (4.0 TeV): 2.08 /fb
g 2011 (3.5 TeV): 1.11/fb
2010 (3.5 TeV): 0.04 /b

~ 0

LHCb Efficiency breakdown pp collisions 2010-2012

- FULLY ON: 93.05 (%)
[ HV: 0.54 (%)

l:l VELO Safety: 0.85 (%)
[ DAQ: 2.85 (%)
Il DeadTime: 2.88 (%)

st

[ T R e @ 1 I =

IHERNERRERRRRRRRRR RN RR AR RN R RN RN N
S LALAN LR LA LA LA LAY LA LARRNLARRNLAL

Integrated Recorded Luminosity (1/ib)

A S B N N
010 2011 2012 2013 2014 2015 2016 2017 2018

Year

o

Tihanks tto LME aefepadoretearo foinct hecexeallpatipenformaica athinachine
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LHCD

% Trigger

~ > >

LO Hardware Trigger : 1 MHz LO Hardware Trigger : 1 MHz
readout, high Ev/Pr sighatures readout, high Ev/Pr signatures

150 kH=z

. Software High Level Trigger

Defer 20%0 to disk

>

J Partial event reconstruction, select
displaced tracks/vertices and dimuons

[ Software High Level Trigger -
29000 Logical CPU cores Buffer events to disk, perform online

detector calibration and alignment

Offline reconstruction tuned to trigger
time constraints

Mixture of exclusive and inclusive [Full offline-like event selection, mixture]

\__selection algorithms l of inclusive and exclusive triggers
5 kHz Rate to storage 12.5 kHz Rate to storage
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LHCD

Aq A ; A019-2020
are decays AB(S)Y-» ete, Kg¥o prpr
B Y% " .
A;gutlzfmlysis B —K"frpr Lepm Uﬂlmiﬂw
CKM & CPPviidltetion Rio Ry o €
CP viglation in charm A D> byl
ASpeclrmmpy B~ Kp prpr
A O(30) new statkes X(3872) mass and
A Propertiéesadf X(3982) widtth
2 ;:faqwks ﬁ Nlew heavy baryan
A tttaggaakks JApJly stedticees
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Rare decays.

LHCD

By I*I-

FCNC, very raire , ssersified ool RR @omitnibanons

Br(B-¥I*I") < Br(B¥- I*I) Vil <Vl
A Helidtyysspppeessed d s b
u 1-122 A AP in)
b ‘/ﬂ) t Vt: S C —A 1—42/2 A2
t A(@p—in -G 1
B W= W+ B,
5 Vi t Vie b
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LHCD

% B, mim = 40 years

L 3sf " Towl E Combination of the
= LHCb — - B! - ptu E
_ = 30 } BDT » 0.5 B + | ATLAS, CMS and LHCD results
| 2 25k -+ Combinatoriel = 0 +, -
qé - - % b s on the B(s) — T~ decays
v s E ISl
Q 1 0—4 .................. e aa——aaaan s I5F o i(, DR
S A S 10 - o - ?/“ Y The ATLAS, CVS and LRCh colabortions
7] v g = Ity
© SE
g 5 g :-_;}(;0-0- - 52’(;0 “““ - 54100 I 5600 5800 6000
5 105 = = TR * ....... % ... Moy [MEVIG2]  [+orenesmesessns e
-l
&) P
o\o 1 0—6 ............................................................... s A e A AR T A B SARA RRS
254 &
e A
é 10—7 ........................................................................................ ;*2 ........... @ .......................................
o *
‘é’ + CLEO m BABAR * <
= -8 ARGUS DO * O
. 10 - A O * ..........................................
o v UA1 1 LHCb :
* CDF ® CMS SM: Bg—m*u' = =
1 0—9 - X7 L3 <> ATLAS | I e
A Belle °o e
SM: B —u*u 0
10710 .
1 1 1 1 I 1 1 1 1 l 1 1 1 1 ] 1 1 1 1 [ 1 1 1 1 l 1 1 1 1 l 1 1 L1 ] 1 1 1 1
1981 1986 1991 1996 2001 2006 2011 2016 2021
Year
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1071
104
107
10—10 -_

10-—16

B.Y e'e
LHCb-PAPER2020-001, PR 124(2020) 211802
BB — ete™) ~ BBY — utu~) x (me/mﬂ)2

adapted from Fleischer et al., JHEP 05 (2017) 156

LHCD

2017 + LHCD limit

SM

Y

2013
CDF limit

SM

2017 LHCb

+ CMS & SM

precise SM predictions!

B(B, —» 7717) B(B, = ptu)

Y

CDF limit _

2009

previous limit

New Physics

Scenario

Universal BS]TI pIEdiCtionS

SM too small tc

B(B, — ete™) {

10 Aidg 20208 ENY¥P
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LHCD

B.Y e'e Bremsstrahlung
LHCb-PAPER2020-001, PRL 1224(2020) 211802
Mass resollutoonissilinteedbirbnessssirahlyng
Athber- @ifeeniitciedibigh-energy photors
ABmmssﬂahﬂﬂmmreeoweWsi'sﬁmﬁamebnmtnot

perfett B* = K*Jly(ete?)
~ —r 1 r r 1 r . r 1 ' Tt Tt T
RS B _
Magnet ECAL = L.HCb 2011-2012
L 20001 . BremO ]
' E I Brem 1
Y v £52 Brem 2
El g combinatorial
s : = — full model
Upstream e - Downstream 2 1000
brem 2 brem = i
p =
: Y E
E, S
VW .
Air E2 5000 5200 5400 5600
m(ete"K*) [MeV/c?]
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LHCD

BY ee

X LHCb-PAPER2020-001, PRL 124(2020) 211802
Multhwaaidéd @ aablyisisp powdref glopaekidle ID
ﬁer@msstred‘rlllmmreeowewsimmamm

~ ||||O,g ~ ||||29
S 0f LHCH - 01-00dE % LHCh ~ —+ 20152016 data

% ....... B _) e e % ....... BS_> e

= i —— full model S —— full model

< 150p [ ] comb1nat0r1al i < ] combmatonal ]
— [ B B D'ev , decays ] — B B> D'etv , decays |
g 100k B— Xe'e decays ] g B— Xe'e decays |
§ B X,— eV, decays ] i")’ I X,— Iie v, decays _
'.S B— I'h' decays ] :.c'z B— I'h'" decays

e el

g g

< S

@ o

4500 5000 5500 6000 6500 0 4500 5000 5500 6000 6500
m(ete”) [MeV/c?] m(ete”) [MeV/c?]
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LHCD

B.Y e'e

LHCb-PAPER 2020-001, PRL 124(2020) 211802
B(B?— ete ) <9.4(11.2) x 107°

o o O(30) improvementt
B(BY— ete ) < 2.5(3.0) x 107?
o —— o ——
5 LHCb : 5 LHCb ]
0.8 —~ Observed | 0.8 i —~ Observed |
= — Expected - = — Expected -
L + 1o — B tlo
0.6 Wi 0.6/ B+
04 04
02F 02F
0 ............. T _.___--. ............................. _'><10_9 0_ ......... o | = N _'Xlo_g
0 5 10 15 20 0 1 2 3 4 5 6
B’— ete- branching fraction B"— e*e branching fraction
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LHCD

Search for  KgY. mm

LHCb-PAPER2019-038,, anXi\v20001103534

¥ M
K A
T
a e LW w o ood W nwod u,c,t m
— 30
2 LHCb
ASoﬁﬂ(kiaamdt'&:s: —, 207
A dedicaretitigigges & rewo %101 L
in place since 2016 0 * * * + I
A Limitetiyhaoddworéririgger _10- TV
A Only diecays of Kg withim\WHELO —20-
A I(Rmmmmy interamtiions R 250 500 750
SVy [mm]
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LHCD

Search for KJY-mm

LHCb-PAPER2019-038,, anivi20001103534

102 K — '
i | I(E — ,u,"',u._

1 LHCbH
2 2016 (1.6 fb™H)

—
-
—
vl

—_
-]
[a]
T

—_

=
—_
|

—— Corrected simulation

Candidates /(2.0 MeV/c?)

Candidates/(1.0 MeV /c?

. N + Data
10~ 24—~ BN ‘ | 470 480 490 500 510 520
180 500 520 510 560 580 M(rr) [MoV/e?
M(ptp) [MeV/ CQ] 10 Btz

E}O LHCD
=
Upper llimiit <2.2(2®k1010 B e

C " vmd witlh Run-[ 4 — Combination
<2.1(24)K1010 )

3 4
B(K§ — prp) <1071
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v, Z°

A\ tRBra"inest i 0 S M T~
A Sensitinetdd\IRP. :

A Supersymimetryy , 22HHDM,

4 generaifion, extreaidimensions, leptaguarkies, .. °

A Many sensithiveaiseradtdes = S
For some off thhenthértaepry ’

uncerthainide<idomddotbdbendetdndlveioatrol

-

X~ - X;
;1’1< C
4
Chargino loop 4
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LHCD
NC O

Lepton universality in- ‘b Y sl

2
J dg e
Ry — _min sm ] 1.000x=0.001 X=K
T e o dl(B=Xete™) -] 0.991+0.002 X=K*
q2f. i dg’

A%aiderﬁaﬂ symnietry” of gougebagrangiaro o f
AAay be viiolkitedad ssomedeet|
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LHCD

Ry strategy
PRL NIE3(&004) 15600, caXiv: 1406,6482

g2
maxd >dlM(B>Kputp=)
éf q dq2 N(Bt— K+t )
R L 9min measure €tot(8+—>K+,u,+p,_)
K= "2 N(B+—Ktete—)
f dq2 dr(E EI'<2€+6_) etot(B+—>K+e+e_)
5 dg Double ratioo
9min Y- Reduce systematic:
ctot(BT™—=>J/ip (= )K™) « N(BT—K*Tutpn™)
measure Etot(8+_>K+H»+M_) N(B+—)J/¢(u+p_)K+)
etot(BT—J/1p(ete ™ )KT) » N(Bt—Ktete™)
etot(BT—KTete) N(Bt—J/y(ete )KT)
S —————————
2o LHCb ] =2 40p + LHCb
— | = 30f «I» j
S (a) F (d) ]
3 9 I E
S NG S ]
0 5000 5200 5400 5600 0 5000 5200 5400 5600
0745+0090 ot i0036 : m(K "ete”) [MeV/c?] m(K ete) [MeV/c2]
. ' Sta . SYSt /.
“ogna (stat) (syst) 2.666 S
10 Aidg) ZVISENIP Vanya Béljyae\/"ILHCH" 17



LHCD

Lepton universality. « “Ry
PRL 122 (2019) 191801, @rXiv: 1903.092522

5fb!

‘jg 105? LHCB
AAZML 2012 and 2016 = 0p e
~~ 3 Combinatorial
Trigg@roedtggoicies: g "
NW ggo :é 10°
e¥, K, resttod £esehnt 8

1.2Kk10° B*¥Jp(prpm)K* B
AS 4k10° B*¥o)h(eter) K+ "y BT IMEVIE]
A‘ﬂh@ redidd dfor JAy modes s

1 014! 0.035

A\ Staitikeimkkirenaitiss
ADouble rattoofdor yo

A 0.98650.013 OK T e Ve

—— Total fit

v BY S J/ (et ) KT
B Part. Reco.

B S J/y(iete )t
Combinatorial

10°

Candidates / (12 MeV/c?)
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Lepton universality <Ry i

PRL 122 (2019) 191801, @rXiv: 1903.092522
1< @ < 6 GEVA b 4 T,
A 1940850 BHLK ppm

A 770850 BY-K'e'e

W
)
o

- —— Total fit
250
- v Total R =1
N B+ﬁK+,u+,u*

Combinatorial

1505

Candidates / (7 MeV/c?
S
o
|

100 E

h
c ©
TTTTT

R R I

RK = 0.846 i 8822 " 88%2 - o B #W-Siof)MeV/sf]oo

0.74570 1 (stat) £ 0.036 (syst). LHCb

100 ¢} —— Data
—— Total fit
80 v Total R =1

s B Klete

60 I Part. Reco.
40| BB —J ylete)KH
Combinatorial
.56 away ficom SWA

Candidates / (24 MeV/c?)

" So00 500 6000
m(K ete ) [MeV/c?]
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Two bins
A.M5<cﬁ < 1.1 GeX? ¢
A.1<q$< 6 GEVF

Lepton universality.in
JHEP 08 (2017))0555 anx

V*1#- LHCD
B Y KI THCD

Double ratioo

Y- Reduce systematic:
NK*OMW‘ NJ/@(E*G")K*O
(m) (Nl/w(uW‘)K*“
014003 0.045<¢2< 11
+0.05 11<¢*<6.0

- 0.07
+0.11

- 0.07

K

Pulls Candidates per 34 MeVic?

Pulls Candidates per 34 MeVic?

25

20

NIVl 105038020 2

I Combinatorial
B—>Xe e

0.045<=g2<1.1 [GeWVZ/c4]

I Combinatorial
B—Xe :e*

mm BC—-K Uy

1.1=g2<6.0 [GeVZ/cH]

5500 6000

{ 0.66

0.69
Az-z.Ss away ficorm SWA

10 Aidg 20208 ENY¥P

Pulls Candidates per 10 MeV/c? |

90

O i

OQ

=

g
lunluolublunlusllinl

0.045<g?<1.1 [GeV*/c*] 3

5600 5800
m(K ) [MeVie?]

Yanya Beljyae\' 1L FHCH"

Pulls Candidates per 10 MeV/c?

1.1<¢°<6.0 [GeV?/c?)

5600 5800
m(K " ) [MeV/e?]
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S

Lepton universality In

L, Y pK-1H-

JHER 05 (2020) D46 Oanxiyi\LI12.0818%3 9

LHCD

('\ID T T [ ND [
5 140 — Ay = pK i S 45 — Ay > pK ete
g LHCb Comb'matoiial ] g 40 LHCb Combinat(_)rial -

120F Bl 3 - KK pu ] AY - pK e ]
< ke 1 R 35 W 4, pK Iy
2100 2 30 =
8 s0F g 25
= = 20¢
s 60 2 -
S < 15¢F \
= 40F ~ 1of

20} 1 5t

0_ L I 1 O: 1 I | 1 :
54 5.6 5.8 5 5.5 6
m(pK~pru) [GeVie?] m(pK ~ete”) [GeV/c2]
R _B(Acb)_>pK_u’+u_) _086+O.14:|:00
pK = 0 —— — =080 241 £0.05
B(A},— pK—ete™)

A= THe eams @rmgiond i
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LHCD

Lepton Flavor Violation in B Decays?
Sheldon L. Glashow, Diego Guadagnoli, and Kenneth Lane
Phys. Rewv. Lett. 114, 091801 — Published 3 March 2015

. any departure from
lepton universality is necessarily associated with the violation of lepton flavor conservation.
No known symmetry principle can protect the one in the absence of the other. Thus, LHC's
reported value of Ry implies, e.g., that B — K™y%e™ and B — K™y*r™ must oceur at
rates much larger than would occur in the SM due to tiny neutrino masses. We urge that
these and other lepton flavor violations (LEFV) be sought with renewed vigor in LHC Run II

and elsewhere.

-> Lepton filkwarwadddition
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B*Y K*nme LHCh

PRL 123 ( 2019) 231802, amXivy:19995000200

A se Run-Lcddaqa, 3fb RN - fHow

_— ”w = | LY
multivaréd¢essklecdion | = L | St model ]
ﬁNb siginals are fboumd I [ ;

B(B—I_—) K—l_ﬂ—l_e_) < 7.0 % 10_9 4300 5000 SS00 ls{;oo

m(K u-e*) [MeV/c?]

BBt > Kty et)<64x10°
i raee

— Background only
----- Signal model

AAImmsignals for z 1 E
AB —¥n B s E

A — frym ] | :

D —¥m 4500 5000 5500 600(
m(K ute) [MeV/c2]

111 ]

]
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B*Y K*mt* mm

Recontruzttion is dififidult
@ MisIing meut irines
[hben:usse B,, totbgg B* mesons
withh K-
A Use momentum of K-
Constraiinit B;,” and B* masses
A known vertfiess
A Can reconstrud tnivisging mass!
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