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Flavour anomalies at LHCb
—two birds one stone
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Proton energy: up to 7 TeV (102 eV)
speed: 0.999999991-c




Beauty/charm production

* Large production cross-section @ 7 TeV
— Minibias ~60 mb
— Charm ~6 mb

]- Flavour factory!
— Beauty  ~0.3 mb cf. 1nb @Y (45)

* Predominantly in forward/backward cones
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The LHCb experiment

[JINST 3 (2008) S08005]
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Indirect search for New Physics

* Precision measurement
of heavy hadron decays

— Flavour-Changing NC
— Flavour-Changing CC

* Probe New Physics at
high energy scale
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Indirect search for NP (cont.)

* Overconstrain the CKM triangle
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[PRD 101 (2020) 072004]

——— II N 4 [Belle, arXiv:2303.17309]
ALEPH [PLB 395,373 (1997)] i ° B"";l" X1 Comb. n® * fit SM: T =1
CLEO [PRL 82,3746 (1999)] -—T—H 46 | e Bon’lv ---- Belle (GGOU) Wl HFLAV (incl. GGOU) _
Belle [PRD 93, 032006 (2016)] o i
BaBar [PRD 79, 012002 (2009)] — a4l
BaBar [PRL 104,011802 (2010)] 1T S Tr 1
ALEPH [PLB 395, 373 (1997)] H——h | — C P /
CLEO [PRL 89, 081803 (2002)] e __ 42 7 s 5
OPAL [PLB 482. 15 (2000)] 3 _g [RRRGRERELERELEREE £ - - ;/. .................. \.\. ...................
OPAL [PLB 482, 15 (2000)] > a0l 7 \ ]
DELPHI [PLB 510, 55 (2001)] —40r b \ 1
DELPHI [EPJ C33, 213 (2004)] K3 i | o a ° | 1
BaBar [PRD 77, 032002 (2008)] '-"-'| £ 38} \ I’ 1
BaBar [PRL 100, 231803 (2008)] '-tr I "\ / ]
BaBar [PRD 79, 012002 (2009)] 5 Traced (i LGCD & ep. coms) | BGL (it wih 100 & 55, coms] [ AN / ! 1
Belle [PRD 100, 052007 (2019)] SaY .':..."J L S N — it i 361 Sso g ]
BaBar [PRL 123,091801 (2019)] s e Loaf i === ]
LHCb [LHCb-PAPER-2019-041] |\ 8 34—t e L L
b 3+ e 17300 325 350 375 400 425 450 475 500
—Exclusive average (HFLAV 2019) | S =il [ '%_ﬂ\ 3
------- Inclusive average (HFLAV 2019) | X 2p N 1 Excl. |Vub| -10
T '—5\—
||||||||||||||||||||||| 51, \\,+ .
10 20 30 40 s w/ exp constraint for
3 % s m 15 20 2? p0 + p——
IV | [10 ] q? [GeV?] BY - m™ ¥ Vp FF
ch - 4.8 e e
LH Cb [ e Bomntlv X1 Comb.n® * fit sm: el = 1
4.6 I o Bon’v ---- Belle (GGOU) Wi HFLAV (incl. GGOU) ]
B! >Ku‘v, = LCSR (Khod.& Rus.2017) o oaal ]
q? <7 GeVZ/c* S
B! > K ', =~ LQCD (MILC2019) Sa2f > YA ]
¢ >7 GeV¥ch S P ]
0 — =40 \ 1
/ib —> pu 2V ’i o~ LQCD (Detmold2015) < [ A ’,
q?> 15 GeV¥e £ 38¢} Y ]
L /
\Y |V PDG) * 3 /
Vol /I Ve |, (PPG) 36 | v .
P T S I T R [ . . ~|_ . . ]
34 PR - L PR PR PR NI TR B
- 1026 oo 0818(3).11 v 0/2V 300 325 B350 375 400 425 450 475 500
(2021) ] | Vio /[ Vo | Excl. |Vyp| - 103 9



Acp(f) =

AAcp in char

F(M—>f)—F(1\7I—>f)
M- f)+T(M- f)

AAcp = Acp(K"KY) — Acp(m™m™)

A CP

Combined one:
AAcp = (—15.4 + 2.9)><10‘4‘

m-tagged

= [~18.2 4 3.2 (stat.) £ 0.9 (syst.)] x 1074,
AALLEE — [_9 + 8 (stat.) + 5 (syst.)] x 1074,

1964

Strange particles: CP
violation in K meson
decays

J. W. Cronin, V. L. Fitch
etal.

2001
Beauty particles:

time-dependent CP
violation in B® meson

decays
BaBar and Belle
collaborations

2019

Charm particles:
CP violation in D°
meson decays
LHCb collaboration

2013

Beauty-strange particles:
time-integrated CP
violation in B meson
decays

LHCb collaboration
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[PRL 128 (2022) 041801]
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[PRL 128 (2022) 041801]
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* BY mixing = effective T
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Branching fraction of b = su™u~
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[PRL 125 (2020) 011802]

P: with B® - K*%u* -

Ss
e P = , less form-factor dependent
\/FL(l_FL) [S. Descotes-Genon, et al., JHEP 01 (2013) 048]
* Also measured by Belle, ATLAS, CMS
" o= T T T " [Belle, PRL 118 (2017) 111801]
_ e LHCbdata o ATLAS data ]
i - N ] [ATLAS, JHEP 10 (2018) 047]
0.5 1 I sM from DHMV | [CMIS, PLB 781 (2018) 517]
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Lepton flavour universality

* In SM, three lepton families (e, u, T) have
identical couplings to the gauge bosons

q -« q q < q
b > > C h —>»
W~ £~
V¢

— which means, e.g.,
_ 0(10~*) uncertianty
_ B(B+ — K+/i+,u ) 1 [C. Bobeth et al., JHEP 12 (2007) 040]
o B(B‘l' RN K+€+€_) 0(1%) QED correction
[M. Bordone et al., EJPC 76 (2016) 440]
* Lepton flavor universality violation? New Physics!

Ry

IR
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Experimental test of LFU

* Well established in SM, e.g. W — {v
W Leptonic Branching Ratios

— Some tension at LEP,

addressed by ATLAS/CMS

[ATLAS, NP 17 (2021) 813; CMS, PRD 105 (2022) 072008]
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LFU in b — cfv decays
* Deviations from SM seen by Babar/BeIIe/LHCb
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LFU in b —> Sf"'{_ decayS before Dec 2022

* Deviations from SM seen by LHCb - < 2
. BaBar T Unepos 2017055 b s
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LFU in b = s£7 £~ decays

[PRL 128 (2022) 191802]

Precision at 5-10%
O0(1%) LFUV still possible

KBS

s gHERS, B LETMRE

The road ahead will be long and our
climb will be steep

[JHEP 05 (2020) 040]
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[JHEP 05 (2020) 040]

R(pK), results with Run-1+2016
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[arXiv:2302.08262]

* Firs
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[EPJC 77 (2017) 161]

Measuring charm loop

° B+ N K+,u+,u_
— LD, Relativistic Breit-Wigner
— SD, EFT with wilson coeff. Cq, C4
* Small interference between J /1Y, Y (2S) and rare mode
* Model-dependent Cq, C{y Show some tension with SM
(1:300:' L L L L L ] T ';' I S T | T " T 'g ;é O_ T
> 1& |
gzoo { 1" L
o R S | | IR R m |
:m/loo + 4l
Rl W 7 © VR
§—5 o000 3000 EE T T S
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* Extending to BY - K*OH+H_ [U. Egede et al., EPJC 78 (2018) 453]
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0 — .+, —
Ap > pK u"p
e Two birds one stone?

— Pentaquark

— Charm loop ...

e Strong supports from you needed
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[CERN-LHCC-2018-027, 2021-012]

The LHCb upgrades
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Upgrade II, 4D detector '

Timing, O(10 ps), is essential

Phase-II Upgrade

L =4x103% cm2%s-1 L=2x1033 cm2%s~1 L=2x103*cm2s1



Summary

* Flavour anomalies
— Vup, Vep
—b - su*u” BR, Ps, Rp
to be confirmed or refuted with more data, LHCb
upgrade (50 fb1) & upgrade-Il (300 fb1)
e A} - pK~u*tu~, two birds one stone?
* Your continuous and strong supports are
always appreciated!
— Form factors, non-form-factor contributions
— New observables?



b EASE: YEF HF XRXF

SCIENCE CHINA Physics, Mechanics & Astronomy >3

4 B Bt
23k - Science China Physics, Mechanics & Astronomy

- Editor’s Focust=H: ifi/#EPRLZHKYE, RERA

«JCR Q1X, Rt rkiEiR P OHTIS KEREASR1 X Top HT

« RS SEREL TR, JUF5 R RIRAT S 2R i —
- ERIMA R A S RIEFE S (GG EEE

{2 SCIENCE CHINA

Physics, Mechanics
& Astronomy - -

Editor’s Focus

th3zhi - RERE: YIBE HhE XNE
« 3tz OHBT, FFHZESCI, ScopusEFREURERR
« 2021 FEREFMARLF ARET

SBEEEIR, DALEH(ET0RH it
BEEHELR TR(E) 705 LTINS

Supervised by Sponsored by Published by
® teain | ® reain A | & (LR ekt A Springer

SCIENCE CHINA PRESS



