Prospects of LHCb Run-3

Jibo HE/{A] & 7K (UCAS)
EZEETFSERYEIBLSSEWKEaiTS
2024 F AR5 9H @EF R KEFE




. 1'550,1,“;%.,“;5&.,;5‘Y"%%;"'

Introduction -

* Indirect search for New physics _ ..
— Rare decays b

w ) ﬁ

_ CP V|O|at|0n HEKZT, Opportunities to probe CP in rare B decays, 14h30, 8 April

¢ QCD $% 307, Exotic states in B decays, 14h00, 7 April
— Spectrosco Py Bl aR%, Study of Bc physics at LHCb, 16h00, 7 April
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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
e b
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Beauty/charm signature

Beauty Charm
M= 5 GeV M= 2 GeV
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« Compared to minimum bias (background)
— Relatively high mass -2 high transverse momentum

— Relatively long lifetime = large impact parameter (IP)

* Requires excellent vertexing, tracking, particle-
identification
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The LHCb experiment
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Vertex Locator Opy x/y ~ 10 um, opy , ~ 60 pum
Tracking (TT, T1-T3) Ap/p: 0.4% at 5 GeV/c, 10 0.6% at 100 GeV/c
RICHs (K — K) ~ 95%, mis-ID rate (x — K) ~ 5%
Muon system (m1-m5) e(u — ) ~97%, mis-IDrate (x — u) =1-3%
ECAL oe/E ~10%/VE ®1% (E in GeV)
HCAL oe/E ~70%/VE®10% (E in GeV)



The LHCb trigger 5
* L0, Hardware
rvs
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LHCb Trigger
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. Software High Level Trigger

[ Partial event reconstruction, select ]

displaced tracks/vertices and dimuons

Buffer events to disk, perform online

detector calibration and alignment

; V.

( Ful‘offline-like event selection) mixtureJ

of inclusive and exclusive triggers

12.5 kHz (0.6 GB/s) to storage
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The LHCb trlgger (Run3)

30 MHz inelastic event rate
(full rate event building)

-Software High Level Trigger

Full event reconstruction, inclusive and
exclusive kinematic/geometric selections

Buffer events to disk, perform online
detector calibration and alignment

Add offline precision particle identification
and track quality information to selections

Output full event information for inclusive
triggers, trigger candidates and related
primary vertices for exclusive triggers
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2-5 GB/s to storage
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The turbo stream
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LHCb luminosity prospects

— Luminosity: 7 fb~1 (2024) + 7 fb~ 1 (2025)
— Yields, compared to Run 1+2

* Muon modes ~2
* Hadronic modes ~4 (2 x 2 due to higher trigger eff.)
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The upgraded VELO

* Hybrid silicon pixel (55 x 55 um?)
— Thinner RF foil, 185 um
— Inner aperture reduced from 5.5—3.5 mm

* Incident in 2023, RF foil replaced now
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The upgraded RICH

* RICH-1, Aerogel removed; RoC of Spherical mirror increased
— Cherenkov angle resolution improved

— Radiator length increased => increased photon yields (b ricure-2023.019]
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Candidates / (5 MeV/c?)
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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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Charm mixing
Mass eigen., superpositions of flavour eigen.

|D4 2> p |Dg) £ q |Do)

[PRD 108 (2023) 052005]

* Oscillations dynamics defined by
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[PRL 131 (2023) 041804]

D® — ptu~
* Very rare decay: FCNC+helicity
suppression, contributions in SM
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[LHCb-Conf-2022-003]

CKM-y combination

* Simultaneous determination of "7 . ;
CKM-y & charm mixing parameters - ' MY

—CKM y = (63.8733)°
— Charm mixing x = (0.398%3:923)%,

y = (0.636X0679)%
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 Some tension between
exclusive/inclusive
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[PRD 101 (2020) 072004]

ALEPH [PLB 395, 373 (1997)]
CLEO [PRL 82, 3746 (1999)]
Belle [PRD 93, 032006 (2016)]
BaBar [PRD 79, 012002 (2009)]
BaBar [PRL 104, 011802 (2010)]

ALEPH [PLB 395,373 (1997)] He

CLEO [PRL 89, 081803 (2002)]
OPAL [PLB 482, 15 (2000)]
OPAL [PLB 482, 15 (2000)]
DELPHI [PLB 510, 55 (2001)]
DELPHI [EPJ C33, 213 (2004)]
BaBar [PRD 77, 032002 (2008)]
BaBar [PRL 100, 231803 (2008)]
BaBar [PRD 79, 012002 (2009)]
Belle [PRD 100, 052007 (2019)]
BaBar [PRL 123,091801 (2019)]
LHCb [LHCb-PAPER-2019-041]

—Exclusive average (HFLAV 2019)
------- Inclusive average (HFLAV 2019)
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[PRL 132 (2024) 051802]
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CPV in mixing
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[PRL131(2023)171802]

* Probe NP in mixing & penguin -

* Tiny CPV expected in SM:
555 = 0.00 + 0.02 rad

CPV in BY - qbgb

* New LHCDb results:
No sign of CPV & results consistent with SM
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[PRL 128 (2022) 041801]
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[PRL 128 (2022) 041801]

BY - utu- eff.t

* BY mixing = effective T

7B, 1+2A ys+ys
T, +,- —
HTH l_yg 1+A ys 0.6

+,- +,-
WH™ _ puTH
Ry R}

pp=r/4

. 0.0
AH - A - 1 18] S M 0.2
AT — R”+”_ Rﬂ+ﬂ_ AT \;_ : Non scalar
7 oAV < 04 NP, (Cm, c?)
— AI_‘S —0.8 ! == |S], s free; [P|=1; pp =0
ys 2F P ! op = /2 = op free; |S| =0;|P| =1£10%||
s ’ |P|=1,|5|=0 Excluded at 95% C.L.

* Measured by LHCb, CMS,

ALTAS, not-yet sensitive to A,
T, = 2.07 £ 0.29 + 0.03 ps
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L.
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R= BRexp(Bs — ,u+:u'_)/BRSM(Bs — /1,+/L_)
[De Bruyn et al., PRL 109 (2012) 041801]

CMS 2011-2016
LHCb 2011-2016
LHCb+CMS 2011-2016
LHCb 2011-2018

1.83%3%3 4 0.04 ps [CVis, PLB 842 (2023) 137955]  OMs20162018

0.99%0:32 4 0.17 ps [ATLAS, JHEP 09 (2023) 199]
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dB/dg? [10°® x ¢*/GeV?

dB/dg? [10°® x ¢*/GeV?]

Branching fraction of b = su™u~

Pattern of tensions seen,
theoretical uncertainty?
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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]
- B P SM from ASZB 1 )
B 1 \\ 7] 0 ‘d
T LR
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_1_\\;T:T“_|||_ !
0 5 10 15

g? [GeV?/c4]

26



LFU in b —> Sf"'{_ decayS before Dec 2022
* Deviations from SM seen by LHCb
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LFU in b = s£7 £~ decays

Precision at 5-10%

climb will be steep

O(1%) LFUV still possible
KE2HBIns, B LTMmKE

The road ahead will be long and our

Ry = 0.78%035 2002 [cms, BPH-22-005-PAS]

<14 [JHEP 05 (2020) 040]
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Deviations from SM seen

LFU in b — cfv decays
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Candidates / (5 MeV/c?)

Experimental status of DHB
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[PRL 128 (2022) 082001]

Intrinsic charm?

* Bound to valence quarks,
longer time scales

e Z associted with charm

intrinsic c

c Z c A
- - v
Vs
Image: D. Craik
g c g c
Souf e s e 4 o T T e
. entral Region < = Forward Region — i = sta ]
N In| < 2.4 2.0 < n(p) < 4.5 ] S - LHCb :
= 0.12 pr(p) > 25GeV pr(p) > 20 GeV . 5 0.08- [ statdsyst |
Q : pr(j) > 30 GeV 2.2 < n(j) < 4.2 E = Vs =13TeV .
Py pr(j) > 20 GeV ] — - ~1 .
Q 0.1 - Q L L 6 fb i
N ; . N 0.06F . & —
<008 - B I ]
© L NLO SM . ° L -
006F  mm i = 0.041- o — T
n . [ NLOSM ]
0'04 T —— IC allowed __ - e PDF4LHC15-No IC L] -
0.02 Z_ _E 0~02__ ® NNPDF 3.0-IC allowed ]
VeE —— BHPS (z)c=1% . - 4 CT144+BHPS (z)1c = 1% .
0 — 1 O_ PR T T T A SN S TN SN AN S TN ST S NN T S TR SR HN SR SO S ]
0 1 2 3 4 2 2.5 3 35 4 4.5



SMOG (System for Measuring Overlap with Gas)
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[CERN-LHCC-2018-027, 2021-012]

The LHCb upgrade Il
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[CERN-LHCC-2018-027, 2021-012]

 LHCb upgrades

(2025: 23 fb1, Upgrade-II: 300 fb1)

Prospects

Observable Current LHCb LHCb 2025 Belle IT Upgrade II ATLAS & CMS
EW Penguins
Ry (1< ¢* < 6GeV3ch) 0.1 [274] 0.025 0.036 0.007 -
Rk- (1 < ¢% < 6GeV3cd) 0.1 [275] 0.031 0.032 0.008 =
Ry, Rk, Rx - 0.08, 0.06, 0.18 - 0.02,0.02, 0.05 =
CKM tests
v, with BY — DK~ (+37)° [136] 4° - 1¢ -
7, all modes (20> Hodl 1i5° 1.5° 0.35° -
sin 28, with B® — J/yK? 0.04 [606] 0.011 0.005 0.003 -
¢s, with BY — J /¢ 49 mrad [44] 14 mrad = 4 mrad 22 mrad [607]
¢, with B — DD 170 mrad [49] 35 mrad - 9 mrad =
53 with BY — ¢¢ 154 mrad [94] 39 mrad - 11 mrad Under study [608]
ag) 33 x 107 [211] 10 x 1074 - 3 x 104 -
Vsl /|Vas| 6% [201] 3% 1% 1% -
B2, B’ —putu~
B(B® — p*u)/B(BY — ptu~) 90% [264] 34% - 10% 21% [609]
TBO i 22% [264] 8% - 2% -
o = = = 0.2 -
b — ¢~y LUV studies
R(D*) 0.026 (215,217 0.0072 0.005 0.002 -
R(J/¥) 0.24 [220] 0.071 - 0.02 -
Charm
AAcp(KK — mrr) 8.5 x 10~ [610] 1.7:%:10~% 5.4 x:10™4 3.0x 1075 =
Ar (=~ zsing) 2.8 x 107" [240] 4:35¢10~° 3.5x 1071 10 X100 -
zsin¢ from D° — K+~ 13 x 107 [228] 3.2:x:10~4 4.6:%:10™* 8.0 x 107° =

z sin ¢ from multibody decays

(K3m) 4.0 x 1073

(KOnm) 1.2 x 1074

(K3m) 8.0 x 1076

35



Summary

* LHCb is almost ready for Run-3 data-taking,
and will continue delivering world-leading
measurements on
— Rare decays
— CP violation

— Spectroscopy ...

* Your continued and strong support always
appreciated



