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The LHCb experiment

* Huge charm and beauty production cross-section in the forward direction in
pp collisions at LHC energies

- Essentially all hadrons produced

* Require superb detection capability to separate signal from potentially
overwhelming background
- LHCDb strengths in vertexing, tracking and charged particle identification

— Capabillity for online selection (trigger) also crucial

* Two main production mechanisms
— prompt: highest cross-section, but high backgrounds; only for cleanest channels
- via B decays: lower rates (cross-section + BF + acceptance), but very clean
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The LHCb detector

(2011-18 edition)
JINST 3 (2008) S08005
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Candidates / a[m(up)]/ 2

PRL 120 (2018) 061801

Prompt vs. B decays
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EPJ C77 (2017) 161
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Charmonia

* Can be studied in huge range of final states at LHCb

— leptonic (u*u~ on previous slide)

- charmless hadrons: K*K-, @@, pp, KsKTt, ...

- charm-anticharm: DD, Ds'Ds-, D®D®, A, ...

- lighter charmonia + X: e.qg. J/Qy, J/wrt'rt, /e, J/Wwn, /PN, ...
* Decay modes and relative branching fractions provide

Information on nature of state

New (since Hadron2021) and covered today
Not new but recapped today
In back-up, please ask if interested
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Charmonia decaying to KsKr1t
B - KsKmiK*
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Two Ks reconstruction methods (LL, DD)
Two final states (opposite or same sign K*)
Total signal yield 132,610 + 610
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Candidates/(2.5 MeV)

Charmonia decaying to KsKr1t
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Charmonia decaying to KsKr1t

+ + arXiv:2304.14891
B* - KsKTIK submitted to PRD

* Improved knowledge of n. and n.(2S) resonance
parameters

Mass [ MeV] Width | MeV]|
Ne 2985.01 £0.17£0.89  29.7x0.5x0.2

ne(25) 3637.90+0.54+1.40 10.77+1.62+1.08
Xel  3509.84 4 0.69 4 0.64 [fixed]

* Dalitz plot analyses of n. and nc(2S) - KsKmt decays
provide information on kaon spectroscopy (K1t S-wave)

— Study of X« — KsK1t decays also performed



Charmonia decaying to D*D-

+ +N-W+
B*_ DD K PR D102 (2020) 112003
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Unexpected exotic components observed,

but also interesting D*D- structures 19



Candidates / (0.037 GeV%/¢?)

Charmonia decaying to D*D-

Structure around 3930 MeV seen in DD and PR D102 (2020) 112003
J/Pw previously assumed to be J° = 2* state,
l.e. Xc2(2P)
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Charmonia decaying to Ds*Ds™

arXiv:2211.05034

arXiv:2210.15153
to appear in PRL
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Striking low-mass enhancement +
interference dip near J/Y@ threshold 1
[modelled here with interfering spin-0 resonances]



Charmonia decaying to Ds*Ds™

arXiv:2211.05034

arXiv:2210.15153
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Striking low-mass enhancement +
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Reminder: states in J/YP@

X(4274) PRL 127 (2021) 082001

JP:1+
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Charmonia decaylng to J/L|Jr]
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Charmonia decaying to J/P1t -
specifically x1(3872) a.k.a X(3872)

arXiv:2204.12597
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Charmonia decaying to J/P1t -
specifically Xc1(3872) a.k.a X(3872)

arXiv:2204.12597
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Charmonia decaying to J/Y1t T
2204 19597 Specifically X1(3872) a.k.a X(3872)
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Charmonia summary

 Much new information on charmonia from LHCb
— especially exploiting production in B decays

* Several important channels still missing
— much work is in progress!

e Larger samples needed to obtain complete picture of resonances in
different final states
- e.g. DWD® , DM D™= J/P@ o DsH*Ds™-

* With much larger samples, possible to exploit production in B; decays
- extend kinematic limit from [m(B)-m(K)] ~ 4.8 GeV to [m(B:)-m(m1)] ~ 6.1 GeV

19



Charm & charm-strange mesons

* Production in B decay provides great opportunities
for charm(-strange) meson spectroscopy

Rt et B [Nreqrbrt PR D94 (2016) 072001;
B* - DTUTt, B - D*TUTT PR D101 (2020) 032005

- B% o, DOttt PR D92 (2015) 032002

- B.O BOK—T[+ PRL 113 (2014) 162001;
s 7 PR D90 (2014) 072003

* Modes with neutral pions are harder — but not impossible!

— D0 _, DO PO o~
D” - DT J D Y Studies also in B — DDh(h) decays
e.g. Ds(2590)* seen in B° - D*D-K*1t-
PRL 126 (2021) 122002 20



Candidates/(10 MeV/c?)

Candidates/(10 MeV/c?)

B(s)O — 5*0h+h'_

PR D105 (2022) 072005
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m2(D" ) [GeV* 4]

B(S)O - D™®h*h"-
PR D105 (2022) 072005
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First inspection of the Dalitz plots

Clear structures from (left and right) D1(2420)-, (middle) Ds1(2536)"
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Candidates /[1 MeV/c?]

Candidates / [10 MeV/c?]

Observation of B(S) - D31(2536) K*

LHCb 2015-2018 (6 fb™)
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Candidates /[1 MeV/c?]

Candidates / [10 MeV/c?]

Observatlon of B(S) - D31(2536) K*
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Beauty & beauty-strange mesons

e Studies of prompt production background
dominated
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- e.g. BK spectrum
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* However, samples approaching size
decays can be used to study B spe

c — B(s)

- will open many possibilities ...

Candidates / (5 MeV/c?)
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Candidates / (5 MeV/c?)
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m(B'z*) [MeV/c?]

arXiv:2210.12000
0 appear in JHEP

where B.
ctroscopy

Bt — BLTtH previously
observed in
PRL 111 (2013) 18180

and used for B.* mass
measurement in

JHEP 07 (2020) 123
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The LHCb detector

VELO pixels & thinned RF foil (2022-32 edition) i?%ffffaﬂ?ﬂ?T
— better vertex resolution /
All software trigger — better i vadhaddinis
efficiency . Removed SPD/PS
; ; : e : Upgraded muon Front-End
Higher instantaneous 1) Ll
luminosity — more data Magnet | Scifi . @ \

~ \Tracker

New Pixel \QOAVANA L —

Software only trigger
30 MHz processing rate

Commissioning ongoing "\
right now




The LHCDb detector

CERN-LHCC-2017-003

Use timing to reduce (final edition) CERN-LHCC-2021-012
combinatorial background // / Side View Tungsten xS ‘\\
: - . ECAL M3 \
Improve detection c_apablllty // / ﬂa;m: - < TORCH "wen M2
wherever possible / / &Silicon RICH2, ..
. . F ] | Tracker :
Higher instantaneous /RICHI = VRS

. . U
luminosity - more data

- i e o m -‘_l
% _ Ll : " I E' . . "
Vertex = ‘Di;[‘ e

_ ll
!\

Locator
Aim to record over 300/fb < /N
(Including efficiency gains, OANTITE % i 5
approximately two order of magnitude R i [ R
increase compared to today) L e B S5

Phase-1l1 Upgrade


http://cdsweb.cern.ch/record/2244311?ln=en
http://cds.cern.ch/record/2776420

Summary

LHCDb’s unique data sample providing novel insights into heavy meson
spectroscopy

— including many results on exotics, not covered in this talk
Plenty more to come with existing data
- ... and Run 3 will provide increased yields with an upgraded detector

Intriguing possibilities for improved understanding with larger samples
— exploiting production in B. decays
— connecting signatures seen in different final states

LHCb Upgrade 2 will be the ultimate LHC flavour physics experiment
- two orders of magnitude more data compared to data
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Back it up
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Candidates / (3 MeV)

Charmonia decaying to ActA\:?

o BAAK e
LR N
o N giﬁl’*l"\‘ﬁ*'*‘lw i i MH

M(AYA, K7) [MeV]

Signal yield of 1365 * 42

M(A, AY) [MeV]

No clear structure

[2900 < m(A-K*) < 2970 MeV veto applied]
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Charmonia decaying to J/yn'?

arXiv:2303.09443
to appear in JHEP

B J/l.lJr]'K+

400— —————————r 80— . T . —— 7 : —
— I 1 —~..F b (8) LHCb 1" ' 4 (P LHCb 1
‘_Ei ] Data LHCbH i :‘.: TOE Data LHCbH ﬁ?.‘ F R Data ofh! 1 H?) ofh! ]
2 300F o Bl om~! J Feop BN E s L R T - R P 3
f‘.,: | Total ++ HJ'_> f)uﬂf E E 500 Total _”’_> T]?T*’,'T = ti 4; + *: > g 4 + *i
P ] < ety 178 3 + .
7 200; TR 7 g 40F I S ER L
3 PR N, 1 £ 30f I T T4 caEagnt
2 100~ ‘Mm ] 5 20F g 4] : ]
E i + ’ 1 6 - + O 1 1 L 1 0 L 1 L
o] L i 10 d +, A 1.4 1.57 1.74 191 208 225 /,3/9/ 4.1 43 4.5 4. 4.9

[ ] - Mgy j+ [Gev/e?] My [GeV/e?]
0 ' B ' ‘ 0 ' ' Tr T = /: 2.25¢ T T -
5.2 5.25 5.3 ’ 2.35 5.2 5.25 | 5.3 e/ 21.35 T 6* (c) __HHCh *T E(d) Lach | flbs

T s [CeV/ 2] M jhim’ K+ ev/c -—%‘ F " 9! = 2.08 9fh 1
o SE = L% C 1 B2,

; 4:_ _ 47 191 n -
< F - k| r = = 15

- . =2 F _ 1 ¢ B -

Signal yields of ek S + 1% 4 v il

3. + ENF e

! 7 F 1 1 1.57F E o g
* 1110+ 110 [n'- py] oAt ] M |
C | 1 14' I | 1 ] 0

] +ar— 9.5 38 ; d 4 4.2 44 4.6 4.8

® 228 i 28 [r] - r]T[ Tt ] M+ | GeV/E?] M Jpion’ [ GeV/e?]

No clear charmonium structures




LHCDb Run 1+2 Integrated luminosity

— 2018 (6.5 TeV): 2.19 b 5
a% 5 . 2017 (6.5+2.51 TeV): 1.71 /b + 0.10 /b 201 8 201 2
: 21 __ - 2018 {6.5 Te V} 1.67 fb ...................................................................
= 2015 (6.5 TeV): 0.33 Hb 5
‘w 18 I . 2012 (4.0 TeV): 2.08 #b !
g 2011 (3.5 TeV): 1.11 /b :
=  1.6F :
£ ek 2010 (3.5 TeV): 0.04 fib 5 :
S f f :
_l 1 4 __ .......
3 fF /
_U 11 _,_ ..................................................................................................... .................................. , ....................................
o
'S} OSSO OSSOSO SISO JSO
'D D? _ ................................................................................................
L
E 05 __ ....................................................................................................................................... ............................
2 0ol f
g 02 _._ ................................... ; ............................................................................................ ......................................
I— ffiﬂ it ] |
lR/Iar May Jul Sep Nov

Month of year

Unprecedented samples of charm and beauty

Dependence of production rate on Vs means (for LHCb)
2015+16 =2 x Run 1 (2011+12); 2017+18 =2 x 2011-16
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HL-LHC schedule

2021 2022 2023 2024 2025 2026 2027 2028 2029
AM J|J|AIS|ION|D] AM|]|]|AS|IOND|J[FMAM|[I[J|AS MIAM|J|J|A|S|ON|D|J|FMIAM| ][] |A[S MIAM|J|J|A/S|ON|D] J[FMAM[J|J|A[S|O|N|D{J|FIMIAM|]|J|A[S|O|N|D{ J[FMAM|J | J|A|S|ION|D]
Run3 Long Shutdown 3 (LS3)
2030 2031 2032 2033 2034 2035 2036 2037 2038
AM J|J|A|S|ON|D] AM|]|]|AS|IOND|I[FMAM|I[J|AS MIAM|J|J|A|S|ON|D|J|FMIAM| ][] |A[S MIAM|J|]|AS|OND I [FMIAM[J|J|A[S|ON|D{J|FIMIAM|]| ] |A[S|OIN|D{ J[FMAM|J | J|A[S|ION|D]
Rund LS4 | RunS |

Shutdown/Technical stop

Protons physics

Ions

Commissioning with beam

Hardware commissioning

34



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34

