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Introduction

* Flavor-Changing Neutral Current (FCNC)
process suppressed in SM. New Physics?
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* Described by effective Hamiltonion

4(1 i=1,2 Tree
L =L | 7Y * § : : S / / ' i=3-6,8 Gluon penguin
Hé’ff - 5 ‘ tb" ts [Cl (/J) Ol (:U) + C 1 (’U) O { (/J)] i=7 Photon penguin
~ i \ / h# i=90,10 Electroweak penguin
iaht handed i=S Higgs (scalar) penguin
left handed right hande i=P Pseudoscalar penguin

(suppressed in the SM)
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The LHCb experiment

Dedicated to precision study of b/c-hadrons
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LHCb luminosity prospects
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Bremsstrahlung corrections
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Rare decays at LHCb

* Very rare decays

_ B?S) - ‘Ll+‘u_, BE)S) - T+T—) ng) — :u+:u_:u+:u_
* Lepton flavor violation

— By »ttum, By —etut, Tt - ptupt
* Electroweak penguin

— B > K*%*u~, LFU
* Radiative

— BY - ¢y, A), > Ay, BT > K ntny
* Rare charm

— D° = putuT, AL - putu”
* Rare Strange

— K§ - utum, 2t = putps

Rare B decays at LHCb Jibo HE (UCAS)
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[PRL 118 (2017) 191801]

By = wuo

, latest results from LHCb

* With 4.6 fb™* of data, first observation of
B —» u*u~ from asingle experiment

Candidates / ( 50 MeV/c?)

Rare B decays at LHCb

B(BY = 7)) < 34-1071Y @ 95% CL

Jibo HE (UCAS)
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BY - utu~ effective lifetime

‘Plzl,‘S|:0,(pp:0 LPS:W/Q

* BY mixing = effective T o [ SO
Tp, 1+2y A "'ys2 =

Scal.l'zilr NP (Cg))'

T f— 3 ,I
“o1-y 1+p.4 oo g s
y A y sETAT % —0.2 Non-scalar
<-4 [ NPJ(C),CP)
AArz 1 18] S M —0.6 " I'I
—0.8f ! ! m= |S], s free; [Pl =1; pp =0
10 | pp=1f/2 = p free; |S| =0;|P| =1+ 10% ||
y — TB AF /2 |P|=1,]S|=0 Excluded at 95% C.L.
s = s s

06 08 1.0 12 14 16 18 20 22 24
R= BRexp(Bs — /-L+ﬂ'ﬁ)/BRSM(Bs - /J'erf)

* First measurement, Nnot  [peeruyn et al, PRL 109 (2012) 041801]
yet sensitive to A, 1T |

= LHCb .

[PRL 118 (2017) 191801]

6 —— Effective lifetime fit ]

T

/N

BY > utu~) =2.04 +0.44 £ 0.05 ps

Weighted Bg — WU candidates / (1 ps)

0 5 10

Decay time [ps]
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Bisy = Tt

. B&) — 7117 not helicity suppressed in SM,
predicted BR ~200 higher than B?S) - utu~
BB = 777 )sy = (7.73+£0.49) x 10~/
BB = 777 )sy = (2.2240.19) x 10°°

o B(B&) — 7777) enhanced by NP scenarios,

previously best limit given by Babar
B(B® - 1t17)<4.1x107° @ 90% C.L.

[Babar, PRL 96 (2006) 241802]

Rare B decays at LHCb Jibo HE (UCAS) 10



[PRL 118 (2017) 251802]

B(OS) - T~
* Using Tt~ — 3mv,(a;) mode
* Normalizedto B —» D™D ()

LHCb simulation
_— 25 1800 [
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B(B? — 1th17) < 5.2(6.8) x 103 @ 90 (95)% C.L.
B(B° - tt17)<1.6(2.1)x10 3 @ 90 (95)% C.L.
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By = T

* LFV, highly suppressed in SM, B ~ 0(107>%),
may be enhanced by NP models
— 7', upto 1078
— Leptoquarks, 1072 — 107>
— Pati-Salam gauge model, 10~% — 107

[arXiv:1705.06614]

* Best limit given by Babar
B(B® - ttu7) < 2.2x107° at 90% CL

[Babar, PRD 77 (2008) 091104]



[arXiv:1705.06614]

By = T

* Using Tt~ — 3mv,(a;) mode g .
: 0 -+

e NormalizedtoB” - D™ &
S F LHCb 1 = 10 =
2 02F 0 b o h Eoe o 1 & wE LHCb 3
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'a 0'1;_ _: S“ 2();— _;
8 N O— T s -
2 005 — 3 r .
ER: 5
b~ N I N =
cz: 02 3 4 5 6 27 A -2

My [GeVic?] 4.6 4.8 5 5.2 54 56 5.8

M, [GeV/c?]

B(B® - ttu™) < 1.4x107° at 95% CL
B(BY - ttu™) < 4.2x107° at 95% CL
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BO N K*O‘u+'u—

* Rates and angular distributions sensitive to NP

L —
wh W
i :H_ o
ut ut
d(T +1P)/dq'2 da(gg D) = 33ﬂ [3(1 — F1)sin® @k + F, cos® Ok + 3(1 — Fy,) sin® Ok cos 26,

— F1, cos? Bk cos 20¢ + Sa sin? Ok sin? 6 cos 2¢
+ 5S4 8in 26 sin 26, cos ¢ + S5 sin 20 sin 6y cos ¢
- %AFB sin? @ cos By + S7 sin 20 sin f; sin @

+ Ss sin 20k sin 260 sin ¢ + So sin® fx sin® f¢ sin 20|
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B° - K*°u*tu=:P:

* LHCb updated with 3 fb!, anomaly still there

* Also measured by Belle, ATLAS, CMS

R, 1 —
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[LHCb, JHEP 02 (2016) 104]

[Belle, PRL 118 (2017) 111801]

[ATLAS, JHEP 10 (2018) 047]
[CMS, PLB 781 (2018) 517]
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Branching fraction of b = s £~

* Some tensions seen

JHEP 11 (2016) 047 JHEP 06 (2014) 133 JHEP 09 (2015) 179
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New physics, or QCD?

Charm loop effects? [Lyon, zwicky, arxiv:1406.0566]

» Large non-factorisable effects (or NP) required to have consistent
picture between BESII e" e~ — hadrons data and the LHCb result

L w(28) yas)
39 j ) 55 b 0| | wET0)
W(4040) ~ e FHHE }l
3t I HHE
. = 3|l
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Lt Q 1 3 FoTE
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e S — A IR -
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" ) *
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Z »
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Rk

0 Ry =SB =K ww) _ 44 0(10-3) in the SM

— B(Bt—Ktete)
@ BT — J/w KT as normalization channel, double ratio used to

cancel systematic uncertainties

Rk = (NK+H+H_ ) Niteter ) kiete Ey (utpu—)K+
NK+e+e— NJ/W(u+u—)K+ 8K+ﬂ+}1_ 8J/W(6+e—)K+

[PRL 113 (2014) 151601]

= — 251771 3
‘{_, T T T T LS T.; _ ) 10
as 4 Qs Co
> 10 >
() [
S S
(\& 10% (\S‘ """ 102
10°
10
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| 0 EARARL L e
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= QS s 1 ” - B NV RE k. T U P ]
4800 5000 5200 5400 5600
m(K*utu”) [MeV/c2]

@ Analysis done in the experimentally and theoretically favoured
region 1 < g% < 6 GeV?/c*
18
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Ry, signal yields

[PRL 113 (2014) 151601]

@ BT — KTete  split by the way how the signal is triggered

trigger category | electron hadron neither (TIS)
ete K+ 172120 20745 62+13
Jy(ete )KT 62324 +318 9337+124 16796+ 165
x10°
':Z :' — T T 1 T T 1 ] @500-' T 1 3 ':: [ T T
% 10+ LHCb _ % : LHCb ] % i LHCb
= | ' 1 2000} -
g | (@) 53/000: ®) ] ? : ©
30 5500p 1 20000 ’
R R 2
8 0-‘ i 1 " " 1 1 8 G-. n 1 " " 1 1 ] 8 0- " 1 " 1 1 i
5000 5200 5400 5600 5000 5200 5400 5600 5000 5200 5400 5600
m(K*ete”) [MeV/c?] m(K*ete) [MeV/c?] m(K*ete) [MeV/c?]
gm"l"'l'l"l-g Illl;‘i:; T 'l"'l"'l'E
> + LHCb 7 = 5 LHCb § 2 |5 LHCb
= 30 J = 1 = i
g @ 3 215 ) 7 % 1ok
gz 2 1 g 10 13 f
= 10 = s S
E 2 S E
o 1 < O
0 5600 0 0

5000

5200 5400

m(K*e*e™) [MeV/c?]

5000 5200 5400

5600

m(K*ete™) [MeV/c?]

5000

5200 5400 5600

m(K*ete™) [MeV/c?]

@ Muon channel yields 5 times higher: N(Bt — utu=K*) = 1226441

Rare B decays at LHCb

Jibo HE (UCAS)
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Ry, results with Run-I data

@ Systematic uncertainties

[PRL 113 (2014) 151601]

BT JW(ptp )KT | Bt K 'ptu~ | Bt— Jip(ete )KT | Bt— K eTe™

sig models - - -1.0% -1.0%

bkg models - - +0.0% +0.5%

bin migration - - - 1.6%

trigger efficiency - 3% - 3%

Kaon PID +0.2% -0.1% -2.0% -1.9%

Electron PID - - +3.0% +3.0%
Muon PID -0.1% +0.1% - -

K-e veto - - +0.1% +0.3%

® Ry =0.745777°0 +0.036, compatible with SM within 2.6

— electron — kaon — neither — combination ——LHCb ~—*BaBar —*Belle
~ 10 N 7 T ] M 2 AL L A B | T T
7 C / = _
ZF ,~ LHCb [ LHCb
8 / |
=T r 1.5F -
L= C X
1 6 _ B
— C | o
&N L X i
S 4 . : i SM ]
- [ ] [ ! ]
T LR b 0.5 E
0 L — L — 0 [ ] L. N DR B
0 1 2 3 0 5 10 15 20
Ry ¢ [GeV*/c4

Rare B decays at LHCb
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[PRL 122 (2019) 191801]

Ry, updated results

%
R i
- LHCb
* Include 201542016 [
— +0.060+0.016 i
:RK — 0'846—0.054—0.014 i T
~ 2.50 from SM 1.0 rremm— [r——
[ ———
[ BaBar
0.5 B » Belle
E e LHCb Run 1 + 2015 + 2016
0.0'l"l""ll"llllllll"
0 5 10 15 20
If instead the Run 1 and Run 2 were fitted separately: C[2 [GeVz/c“]

— +0.083+4-0.017
- 0'717—0.071—0.016’

new

RK Run 1
old

RK Run 1

Compatibility taking correlations into account:

— +0.089+0.020
RK Run 2 — 0'928—0.076—0.017’

= 0.745739%0 +0.036 (PRL113(2014)151601) ,

» Previous Run 1 result vs. this Run 1 result (new reconstruction selection): < 1 ¢;

» Run 1 result vs. Run 2 result: 1.9 ¢.
Rare B decays at LHCb

Jibo HE (UCAS)
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Pulls Candidates per 10 MeV/¢?

Pulls Candidates per 34 MeV/c2
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Rare B decays at LHCb

B(B?— K*Jpp (= ptp™))

Pulls Candidates per 10 MeV/¢?

Pulls Candidates per 34 MeV/c2
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R <0, results with Run-1 data
* Deviations from SM seen by LHCb (~ 2.40)

2.0
-
m 1 } : 2.0 .
S N o — = - T
S s :
i - J[ 7 Sty e
N e I e
- 1 - il : e LHChH Belle
FE; I L LHCD m BaBar v Belle 2019
[_,_ ] o v | |~||||
0.5 ® LHCH 0 10 15 2
! B BaBar - ¢ [GeV'/ A
i LHCb Belle ]
0.0 ! C ey
0 5) 10 15 20
« JHEP 08 (2017) 055 qQ [Gev2/c_4]
* PRD 86 (2012) 032012
 PRL 103 (2009) 171801
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[PRL 118 (2017) 021801]

Photon polarization in BY — by

* Photonsin b = sy mainly left-handed .
b

 Time-dependent signal rate > >
P(t) oc e "*"{ cosh (AL'st/2) — A% sinh (ALst/2) v
with -I— CC’COS (Amgt) — ¢ Ssin (Amst)}
a8 oc2 /ISM—005+003
o00f LHCY e + t e
S0 ey Moo ] 205 Bog b o
- Bk - 't I Peaking

Lo ] Missing kaon ]
Missing pion —

— BoKnn’X ;

i\ % Combinatorial ]

4.1k

= 4.8k

Candidates / (25 MeV/c?)
[\ )
S
Candidates / (25 MeV/c?)

B ooy . s
—_— R % Combinatorial

N T SRR
5000 5500 6000 0 el e od o X b RO 1 ) 2050 -~ 6000
*0 2
m(K**y) [MeV/c2] m(¢y) [MeV/c?]
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[PRL 118 (2017) 021801]

B) — ¢y, untagged analysis

* Assuming equal mixture of 3 LHCb
0/D0 .- . f g B K0y
B /B, simplified 2 ol i
P(t) < e "**{ cosh (ATst/2) — A® sinh (ATt /2)
10 | =
* Measured  H T
A _ _ +0.46+0.23 O Pt e
ﬂ — 0.98_0_52_0_20 0 2 4 6 I
o 03— Q [T T T T ]
Eo.zsz— LHCb E g 10° LHCb
I S ST
S 02F * ] E oo 4
FC% = + I _I ................................. O 10 E
0.15F 7 .
% + H ] ]
"% 0'1:_ ;l[:)i?ta —E 10 H =t -
005 SM e .
E ] e
% 5 10 ‘50'"‘5"'21"'é"'é't'['lio
t [ps] ps
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B) - ¢y, tagged analysis
* Same dataset, with flavor-tagging
P(t) oc e " cosh (AT4t/2) — A% sinh (ATt/2)
+ ( C cos (Amgt) — ¢ Ssin (Amt) }
Re(e™sC,Cy) .n _ Im(e™'%sC,C7)
GR+1C1E " 161 +1GI3
e First measurement of S/C in radiative BY decay

Sy = 0.4340.30 +0.11
Cpy = 0.11+0.29 +0.11

AZ = —0.6710T £0.17

Rare B decays at LHCb Jibo HE (UCAS) 26
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[PRL 123 (2019) 031801]

Observation of A}, = Ay

* Baryonnic b = sy not observed yet. Upper limits
set by CDF B < 1.9%x10°3 [CDF, PRD 66 (2002) 112002]

* InSM, B~0.06 — 1x107> 3,4
; 2,1
[ :/ZOj
o 5 |
b m 0y §15:—
A d " d LAQLI5)  E L
" " O
5
G: I

. . | SOLOOSSIOO | Dg(')lod 6500
* First observation, BR: m(p7y) (MeV)

B(A}, » Ay) = (7.1 £ 1.5+ 0.6 £ 0.7)x107°
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* SM prediction: BR=(5.0+1.5)x10*?, Previous limit
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can be enhanced by up to factor 100
. KSQ — 7™ : control channel, main Bkg 3 10 ?
B(KO — u*p) < 0.8(1.0) x 102 @ 90 (95)% C.L. v
%
;5 Il(:)s —n'n hypothesis d | E
% 10# <~ W'u hypothesis 0.95:— —:
g 10° . 0_95_ _
jé ’ . 0.85:- R
E120 440 460 480 500520 0'8()- — lg 2 :3
Invariant mass [MeV/c?] B(Kg—nl*p‘) %10’

Rare B decays at LHCb Jibo HE (UCAS)



Summary

 LHCb performed the world-leading
measurements of rare B decays:

— Very rare decays, e.g., B&) - utu’, B(OS) - Tthr”
—LFV, e.g, Biy = Ttu”
— Electroweak penguin, e.g., B = K*u*u™, R -0
— Radiative, e.g., B - ¢y, A) - Ay
— Rare Strange, e.g., K& —» utu~

* Your suggestions are always appreciated!



