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HADRONS FOUND AT THE LHC
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Slide stolen from M. Karliner

EXTREME CONFIGURATIONS

Tightly bound pentaquark

Each quark sees the colour
charge of every other quark

Loosely bound molecule

Two colour singlets interacting
by light meson exchange
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[FIGURE-2024-009]

RUN 3 FIGURES: VELO ALIGNMENT
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[FIGURE-2024-011]

RUN 3 FIGURES: PV RESOLUTION
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[FIGURE-2024-009]

RUN 3 FIGURES: ALIGNMENT
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[FIGURE-2024-031]

Run 3 rFiGURES: PID
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LHCb DATAFLOW IN RUN 3
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RUN 3 FIGURES: HLT1 DIMUONS
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https://lbfence.cern.ch/alcm/figure/details/4037

[FIGURE-2024-030]
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https://lbfence.cern.ch/alcm/figure/details/3837

[FIGURE-2024-030]
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https://lbfence.cern.ch/alcm/figure/details/3837

HLTl DOWNSTREAM TRACKING
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RUN 3 FIGURES: MASS PLOTS
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https://lbfence.cern.ch/alcm/figure/details/3599
https://lbfence.cern.ch/alcm/figure/details/3763
https://lbfence.cern.ch/alcm/figure/details/3999
https://lbfence.cern.ch/alcm/figure/details/3997

[Operations plots]

Run 3

plot to remember from this talk

= 2024 (13.6 TeV): 9.56 fb™*
= 2023 (13.6 TeV): 0.37 fo™*
gl —2022(136Tev):0.82fb™
= 2018 (13 TeV): 2.19 fb™*
= 2017 (13 TeV): 1.71 fb™*
6 — 2016 (13 TeV): 1.67 fb™
= 2012 (8 TeV): 2.08 fb™*
= 2011 (7 TeV): 1.11 fb™

2010 not even listed.
We need a log scale.

Integrated Recorded Luminosity (fb™

Mar May Jul Sep Nov
Month of the year
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Run 3

[Operations plots]

The one plot to remember from this talk

Nik[hef

Integrated Recorded Luminosity (fb™

Patrick Koppenburg

20
== 2024 (13.6 TeV): 9.56 fb™*
18 == 2023 (13.6 TeV): 0.37 fb™*
== 2022 (13.6 TeV): 0.82 fo™*
16 == 2018 (13 TeV): 2.19 fb™*
== 2017 (13 TeV): 1.71 fb*
14 == 2016 (13 TeV): 1.67 fb*
2015 (13 TeV): 0.33 fb*
12 == 2012 (8 TeV): 2.08 fb™*
w2011 (7 TeV): 1.11 fb*
10 == 2010 (7 TeV): 0.04 fb™* LS2 y ”
’ /
6 /
4 /
LS1
2 /
0 / 1 1 1 1 1 1
2009 2011 2013 2015 2017 2019 2021 2023 2025

Year
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[LHC] [Lamont]

LHC SCHEDULE (OcCT 2024)

2021 2022 2023 2024 2025 2026 2027 2028 2029
J[FMAM]3[A[SIOINID 3] FIMAM] ]AD] FIMAM] 3] 3]AJS[OINID{ 3] FMIAIM] 3 3[A[STOIND] 3] FIMIAMI 3] 3]ATS[O[N]D| 3] FIMAIM 3] 3 [A[S[ON[D| 3 FIMIAMI3] J\AFH%DJlr\M\AlM\J\JlAFH%DJlr\MAMJ J[ATS[OND}

Run 3 Long Shutdown 3 (LS3)

2035 2036
AM]

[OIN[D{ 3[F[MAM 3] 3[AIS[OIN]D| 3[FM]

32
J[AIS[OND

>|
o
=
=]

Ls4

2039 2040 2041

J[FMAM]3[3[A[S[O[N[D| 3[FIMAM[3]3[A[S[OIN[D] 3[FIMAM[3 3 A[S[OND|
Shutdown/Technical stop
I Protons physics
EYETS Tons (tbe after LS4)
Commissioning with beam
Hardware commissioning

Last update: September 24
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[LHCb-TDR-026]

UPGRADE I

The baseline plan is to

Run 1 Run 2 Run 3 Run 4 Run 5
—1 = 16
record 300fb™" by the " E & o @ 5 e
£ 14 4 4 4 4
end of Run 5. S LE
Y F e aCtUAI
=, 10:— — e expected
o EOI [CERN-LHCC-2017-003] 2 8:— COENEY expected with improved LHC optics at Run 5-6
¢ F Baseline plan
. c -
@ Physics case [tHeb u2 £ °F
E E
3 4
Physics case, arXiv:1808.08865] é SE
& “E
G-I 2 8 1
e Framework TDR 2010 2015 2020 2025 2030 2035
Year
[LHCb-TDR-023]
© Scoping document & 2F oo
18 = ° -
ping 2 0E Cminions
) £ LE Shigemian
[LHCb-TDR-026] (with LHCC — S LE SEebmmahy
R = e o
) ' $ wf
will be public soon) S of /
x ¢f /
=
g F w1/
sk 7/
£ £ L L s s s
- 2009 2011 2013 2015 2017 2019 2021 2023 2025
Year
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http://arxiv.org/abs/1808.08865
http://arxiv.org/abs/1808.08865
https://cds.cern.ch/record/2776420
https://cds.cern.ch/record/2903094

LHCb UPGRAI

Side View ECAL HCAL

SciFi
Tracker

Nik[hef
Patrick Koppenburg Introduction to the Implications Workshop ~ 23/10/2024 — Implications Workshop [31 / 35]



[LHCb-TDR-026]

LHCb UrPGRADE 11

Side View
M
Magnet & PicoCal uon
Magnet Stations TORCH 1cotal
Mighty __ RICH2
Tracker - —
RICH1 L1 |
UP
o)
o
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[LHCb-TDR-026]

LHCb UrPGRADE 11

TORCH
Velo Mighty

wit h 1 Trake

timing
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LHCb UrPGRADE 11

X [mm]

Magnet &
Magnet Stations

Vel o
with
timing

—

=7,

-100

=50

L

—
//%/I//A M

[LHCb-TDR-026]

'—1000

all tracks
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[LHCb-TDR-026]

LHCb UrPGRADE 11

’é‘ . :_ 15 E
S F 10 o
Magnet & ) - 1 E— 5 E
b Magnet Stations N , E_ ,
with ! O E_ -
timing LE -10

z [mm)]

within 30 ps
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[LHCb-TDR-026]

LHCb UrPGRADE 11

Mighty Tracker

Side View
Magnet &
Magnet Stations TORCH
Mighty RI
Tracker [[E= il
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[LHCb-TDR-026]

LHCb UrPGRADE 11

1.00E+08
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1.00E+07 LHCb Run 4 o
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MightD 100E:05 °
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RICH1 135 100E+04 ALICE®
S HERA-B g0
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[LHCb U2 Physics case, arXiv:1808.08865]

UNITARITY TRIANGLE

0.7

T T g " T T
Amy& Am, \\\”

06 \ \\ Summer 23
\
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™
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excluded area has CL > 0.95 |
[2)
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[LHCb U2 Physics case, arXiv:1808.08865]

UNITARITY TRIANGLE

0.7

y [

LHCb 300/fb
g & Amg

0.6

05

0.4

excluded area has CL > 0.95 |

0.3

0.2

0.1

1.
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[indico]

LHCb-PAPER-

2024-030 Photon polarisation with low-g2 eTe™
2024-046 More b— s¢*{~ lepton universality
2024-047 D— hth efe

20027037 B — D™97~ v decays

2024-031 Direct CPV in b— J/ipx

2024-043, 2024-048 CPV in baryons (with an evidence, finally!)
2024-044 Mixing and CPV in charm

2024-033 Likely two new tetraquarks, but we are not sure
2024-040 A known tetraquark in another decay mode

patrici@lopoenburg ct
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Enjoy the workshop!
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[LHCb Ull Physics case, arXiv:1808.08865] [LHCb-TDR-026]

LHCB UPGRADE Il PERFORMANCE

Legacy Upgrade | U2
Observable (9fb~1) (23fb71) | (50fb~1) | (300fb71)
sin 23, with BY — J/’leg 0.015  (PRL 132 (2024) 021801 0.011 0.003
©s, with Bg — J/i/)K+ K~ [mrad] 20 [PRL 132 (2024) 051802] 12 8 3
Lpfs, with Bg — PP [mrad] 80 [PRL 131 (2023) 171802] 39 11
¥ 4° [LHCb-CONF-2024-004] 1.5° 1.0° 0.35°
[Vul/ Ve 6%  [Nature Phys. 11 (2015) 743] 3% 2% 1%
'R‘ﬁ“— 69%  [PRL 128 (2022) 041801] 41% 27% 11%
Rk (1 < q2 <6 GeV2/c4) 0.1 [PRD 108 (2023) 032002] 0.025 0.007
A(T2)(B~> K*eTe™) 0.1 [JHEP 12 (2020) 081] 0.06 0.04 0.016
5¢7(Bg — (Z)’y) 0.32  [PRL 123 (2019) 081802] 0.09 0.06 0.025
R( D*) 0.022  [PrD 108 (2023) 012018] 0.007 0.002
AACP(DO — KK, 7T7r) [1075] 29 [PRL 122 (2019) 211803] 13 8 3.3
Ar(DO—> KK,TI'?T) [10_5] 11 [PRD 104 (2021) 072010] 5 3.2 1.2
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http://arxiv.org/abs/1808.08865
https://cds.cern.ch/record/2903094
http://arxiv.org/abs/2309.09728
http://arxiv.org/abs/2308.01468
http://arxiv.org/abs/2304.06198
https://cds.cern.ch/search?ln=en&as=1&m1=p&f1=reportnumber&p1=LHCb-CONF-2024-004
http://arxiv.org/abs/1504.01568
http://arxiv.org/abs/2108.09284
http://arxiv.org/abs/2212.09153
http://arxiv.org/abs/2010.06011
http://arxiv.org/abs/1905.06284
http://arxiv.org/abs/2305.01463
http://arxiv.org/abs/1903.08726
http://arxiv.org/abs/2105.09889
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[LHCb, arXiv:2407.18001, Phys. Rev. D]

D MIXING WITH D— K nt

t/\.\ 30 é'losv T T T T T T T T T T T T T II"; 550k LHCb j j
S [LHCb F Data : = soof 6 fb! E
r ~ ] N - | =
2 56 fb! DSignal . = F == ]
= L0 - ] — = b
T Dok Comb. bk, | 7 a0 = Data 3
> 20F S p t ]
2 r . Ghost bkg. ] 400~ ﬂ#-.:"‘m —— Baseline =
2 f ] E o No CP violation ]
g 15; ? 350; o ; ; o ; viola 10[1;
O r ] ".Z r ]
10 ] = oF =
z N |
sk 1 Cof 'y E
|- 4 | F 4
L i T r ]
oL [ . =20 E
2005 2010 2015 2020 0 é “‘ é 3
m(D°7y) [MeVic?] D° decay time / Ty

In B CPV in mixing came before direct CPV. In D CPV in mixing is still
missing. With Runs 1&2 measure Ax, = (—6.6 +5.7) x 1073,
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[LHCb, LHCb-CONF-2024-004]

v COMBINATION MATRIX

Time-integrated measurements
Final states Dh™ D*Oh* DKIr* DK*™n~ | DK*r—n~ | DK**
hth™ [9fb~ 1] [9fb~1] 51 [9fb~1] B~ [9fb~ 1
htr—rte= | [3fb71][9fb] [9fb 1] [5fb~Y] [9fb 1]
hthntr [9fb~1] [9fb~1]
hh= [9fb~1]
K¥n*
K¥atr0
KQh*h~ [9fb 1] [9fb~!][9fb~1] [9fb~!] 9fb 1]
KOK* 7~ 9fb!]

Time-dependent measurements

Final states DFr* BY— DFK*E | DFKEntr™
KEhTh- B~ N/A N/A
hEhFrE N/A [9fb [9fb ]

Click on lumi to get reference. Last updated with [Hcb-conF-2024-004).
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https://cds.cern.ch/search?ln=en&as=1&m1=p&f1=reportnumber&p1=LHCb-CONF-2024-004
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20rn%20LHCb-PAPER-2020-036&ui-citation-summary=true
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20rn%20LHCb-PAPER-2020-036&ui-citation-summary=true
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20rn%20LHCb-PAPER-2017-030&ui-citation-summary=true
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20rn%20LHCb-PAPER-2023-040&ui-citation-summary=true
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20rn%20LHCb-PAPER-2015-020&ui-citation-summary=true
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20rn%20LHCb-PAPER-2024-023&ui-citation-summary=true
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20rn%20LHCb-PAPER-2016-003&ui-citation-summary=true
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20rn%20LHCb-PAPER-2022-017&ui-citation-summary=true
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20rn%20LHCb-PAPER-2019-021&ui-citation-summary=true
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20rn%20LHCb-PAPER-2017-030&ui-citation-summary=true
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20rn%20LHCb-PAPER-2023-040&ui-citation-summary=true
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20rn%20LHCb-PAPER-2022-037&ui-citation-summary=true
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20rn%20LHCb-PAPER-2024-023&ui-citation-summary=true
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20rn%20LHCb-PAPER-2021-036&ui-citation-summary=true
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20rn%20LHCb-PAPER-2020-019&ui-citation-summary=true
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20rn%20LHCb-PAPER-2023-012&ui-citation-summary=true
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20rn%20LHCb-PAPER-2023-029&ui-citation-summary=true
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20rn%20LHCb-PAPER-2023-009&ui-citation-summary=true
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20rn%20LHCb-PAPER-2024-023&ui-citation-summary=true
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20rn%20LHCb-PAPER-2019-044&ui-citation-summary=true
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20rn%20LHCb-PAPER-2018-009&ui-citation-summary=true
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20rn%20LHCb-PAPER-2024-020&ui-citation-summary=true
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20rn%20LHCb-PAPER-2020-030&ui-citation-summary=true
https://cds.cern.ch/search?ln=en&as=1&m1=p&f1=reportnumber&p1=LHCb-CONF-2024-004

[LHCb, LHCb-CONF-2024-004]

2024 v COMBINATION

1.0
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i 0 ]

| L Preliminary -H g+ rcliiia:; I
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08 I Al Modes |
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[LHCb, LHCb-CONF-2024-004]

2024 v COMBINATION

o
R L ! B = Dh* D — K2h*h- .
QX | B* = Dh*, D — KYK*a% [hth=n° /bt h~nta— %:Em(r%b
& | D BT = Db D s h i Summer 202(_
~| DB All B* — Dh* modes
0.12F -
. I Beauty and Charm
0.10F -
v = (64.6 +2.8)° I ]
0.08F -
- L | L 1 1 L L L 1 L L
0.06 .
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[LHCb, LHCb-CONF-2024-004]

2024 v COMBINATION

— T I T T T I T T T I T T
o . L8 B = Dh*, D — Khth— ]
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[LHCb, Phys. Rev. D110 (2024) 052007, arXiv:2407.11474]

SEARCH FOR Al — putu~
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[LHCb, arXiv:2409.17209, Submitted to Eur. Phys. J. C]

B{— ptp~ IN B DECAYS
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HADRONS FOUND AT

[LHCb-FIGURE-2021-001] [Updates here]

11.0 |75 new hadrons at the LHC| ° ¢ ccad
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sl 0" e o e m o] .
> ©® ciqd) e cgag o
o
7.5 - » -
+
" Bi2s Eoa
7.0 082! ®5(25)
Q,,(635 Tezce(6600)
6.5 No(6152)° Q1 (634 Ld
27y Aerdsy B e
6.0 (5945059 As(5920)° B,(5970)*:¢ ] | E
B A(5912)° - '5,15340)‘ o 1,(6097)* As(6070)° B, (6114)°
—ss 3,(6097) . (6063)°
5
3 5.0
o) 'xﬂ,(:ﬂvm Xc1(4685)
- Pc:(4450)* Xco(4500) P:(4457) B X(4630)
w 4.5 OY:i(a274) P.(4440)* " Pe:s(4338)° hc(4300)
a X1(4140) . @ - olentd220r @
< ° Pcc(4380) Pee(4312) Tees2(4000)* Te21(4000)°  _ X2(4010)
= 4.0 (3842) L (14 @h(4000)
B ° T (3875)  X(3960)
3.5 Q:(3327)°
D;(3000)*° ) e _ X 0.(3185)°
3.0 ,(3000°@ D;,(2860)* Adz860 |1 Q5(3066)° 2(2939)° T.,1(2900)° 7502900
D/12760)" ¢ (30500 seozzr’ OTe8700 T50(2900)°
D,(27407°’ D;msm’ :(3000)° - o, (2590)* soe0)
25 D,(2580)° o
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
patrick.koppenburg@cern.ch 2024-10-10 Date of arXiv submission

All resonances observed at the LHC in a mass versus submission date plot.
Hollow markers indicate superseded states.
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[LHCb-FIGURE-2021-001] [Updates here]

NEW HADRONS FOUND AT LHCb

“uasien 6 Y s micat
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[LHCb, PRL 133 (2024) 131902, arXiv:2406.03156]

NEW STATES IN Bt — D*:DFTK™*
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[LHCb, Phys. Rev. D110 (2024) L031104, arXiv:2404.19510]

OBSERVATION OF A9 — X()++pl)=K—
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[LHCb, arXiv:2410.02502, Submitted to JHEP]

sin? 0., FROM Z— putpu~ App
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Using 5fb~! 2016-18 data get

[LHCb, arXiv:2408.16646, Submitted to JHEP]

B(Jpp— ptp~ptp~) = (1.1340.10 4 0.05 £ 0.01) x 107°

The phase—space model assumed by CMS [CMS, PRD 109 (2024) L111101, arXiv:2403.11352] is
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[LHCb, arXiv:2408.05134, Submitted to JHEP]
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