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Y(1S), Y(2S) and Y(3S) production
* Y(1S), Y(2S) and Y(3S) differential cross sections (CMS-BPH-24-004 arxiv)
* Y(1S) + Z associated production and effective double-parton scattering (CMS-BPH-23-007 arxiv)

g g Tetra quarks
“i . * All-charm tetraquarks (CMS-BPH-24-003 arxiv. and CMS-BPH-24-002 arxiv)
q i b N o ]/ + W(2S) resonance (ATLAS-BPHY-2023-01 arxiv)
‘ \b b Molecule Diquark Compact Hybrid
. - (amorphous)

Q|

B and D meson production \ @ 9

- BY lifetime precision measurement (ATLAS-BPHY-2020-09 arxiv erratum)
» Exclusive reconstruction of B* mesons (CMS-BPH-24-011 arxiv)
« D meson production measurements (ATLAS-BPHY-2018-10 arxiv)

Rare decay and searches
« LFV 1t - 3u (ATLAS — New Results)
« Raren — uuee (CMS-BPH-24-001 cds)

2 muons

Aditional Tracks

1 pion
B meson(B,)

Mpx ~ 5 — 10 GeV

cT ~ 450 pm

Dq(cs)
Mps ~ 1.96 GeV
—cT1 ~ 160 pm
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Y(1S), Y(2S) and Y(3S)

Y - putus
 Earlyrun-3 resultat 13.6 TeV
 Probe of quarkonium production

Fit and result
« Beautifully resolved 3 peaks for 1S, 2S and 3S
 Showcasing good muon resolution

Double differential cross sections
2
e Measured from 20 to 200 GeV
dprdy

* 19 bins in p; from 20 to 200GeV

e 2binsin|yl:1y1<0.6,06<]|yl|<1.2

 (Good overall agreement with NRQCD,
but ratio shows otherwise

-> important input to global fits to improve such framework
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Y(1S) + Z associated production CMS-BPH-23-007

g
g
g ‘
b

Y(AS)+Z - ptpu~ptu” a y
*  First study of such production «— 5|
 Can be produced in SPS or DPS
° ontribution of DPS can be expressed in o, ¢¢ g Z

g

Reconstruction and selection
Key variable: m,, of Y(nS) and Z candidates

Single parton scattering

Double parton scatterin

Match muon pairs to lie near Y(nS) and Z mass CMS 138 fo! (13 TeV) CMS 138 fb' (13 TeV
. . . =TT 1 T R N — T T T = - et
-  Dedicated selection on vertex variables D 350 . Data - E o + Data -
- Signal just resolvable given the statistics © T =20% 1) signal 1 F = 7531 signal -
+  Y(2S) and Y(3S) resonances gives < 3 s.d. S 30F JZ+YeSisignal 4 80F =51 vi5a) sana -
- Focus on Y(lS) % 255_ -.-.- Background qcJ 70E -.-.- Background =
O - = - .
S - LL] _
CMS 138 fb ' (13 TeV) CMS 138 b1 (13 TeV) L - -
o) | T IR rey ! BRIRERN BN ! 20? ]
% —+ o+ Mmeasured per bin £ ~4- G, measured per bin - —
b“q‘; 102__ : Inclusive o, = 13.0°5f mb __ b% 102:— Inclusive o, = 13.0'17 mb _: 1 5:_ _;
i I i 10f E
51 E
: E E : 0— .
i ] i ] 8.5 10.5 11 -
i 7 - 7 7 1 110
L Lo L L] mu+u—[GeV]
1 10 102 1 10 102 m,.,- [GeV]
Y(1S) Z . .
Pr (G PriGeV Muon pairs from Y(nS) Muon pairs from Z

First o, measured in bins of Y and Z momenta
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A family of all-charm tetraquarks CMS-BPH-24-003

LHC has revealed tetraquark candidates, but fundamental questions still unanswered..
If | have 4 charm quarks, how do | get a tetraquark?

What are tetraquark states and their substructure?

* Molecule: Two distinct mesons loosely in orbit

* Diquark: Tightly bound pairs of charms and anti-charm

* Amorphous: No substructure

» Hybrid: Involvement of valence gluon
* Non-resonant dynamic effects

To start with: Do we have enough statistics to test the models?

Standard Exotic mesons: all-charm tetraquark Threshold
meson effects

Molecule Diquark Compact Hybrid e.g., triangle
(amorphous) singularity

\ % : 9 v (3770) D v (3770)
A C
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A family of all-charm tetraquarks CMS-BPH-24-003

135fb' (13 TeV) + 180 fb ' (13.6 TeV)

~_  CMS
Considers X(6600), X(6900) and X(7100) — ~
“3-way interference” between these states o 8 O
>holds tetraquark structural information S S RN
2 = s N
* X J/J]/or]/YP(2S) § § 10 ...............
J/ W1/ - ptpptu” S 8 a4 e

my, hear m; ,, = 3.7 GeV

J/WP(2S) » putu~utu”

my_,, Near my, ;s = 3.1 GeV J/Y J/y channel J/Y ¥ (2S5) channel
’ mM3H4 near m]/lli = 3.7 GeV CMS 135 fo ' (13 TeV) + 180 b~ (13.6 TeV) CMS 135 fo ' (13 TeV) + 180 fb™' (13.6 TeV)
{ Data == X(6600) 25| ! Data o X(6900)
> oF Vol —Fullmodel - X(6900) | > Fp — Fulmodel - X(7100)
Fit model = 500 Ry 3 -- Background -~ X(7100) = ! | £ __Background - Interfering Xs
-  Breit-Wigner as core for the signal % ool K| Y Ay Mmerfering xs % 15;‘\‘\
- Interference term added S a0f =
IM|* = ‘7”1€i¢1BW6600 + BWgg00 + 7"331.('!)?’BW7100‘2 8 20f S \ N l “ ‘ J
* rand ¢ are the relative amplitude and phase angles 100]} ° "\ Y ] el M
i B R
s LR E e TN TR R MIEE
g o R
7 7.5 8 8.5 9
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A family of all-charm tetraquarks CMS-BPH-24-003

Testing interfering vs non-interfering

]/l/J ]/l/J pairs CMS 135fb ' (13 TeV) + 180 fb ' (13.6 TeV) _CMS 1350 (13 TeV) + 180 fo™' (13.6 TeV)
4 times more J/Y ]/ pairs than previously available b { Data -= X(6600) ool i [F)_":‘ta igggg;
° X (6600) X(GQOO) X(71 OO) all observed at > 50 g /) — Fullmodel X(6900) g 5005 bUgE 'S Feed-down - X(7100)
: 500 - , - und  eee — .
 Interference is also > 5¢ o \ sackround X100 e TURPE N Y ~~NRSPS ~ —DPS
400 - \ - Interfering Xs ~ 400} * h ------- Combinatorial — BW,
) 3 ' Q 1| 34
' S oot Nl g ©
] /¥ p(2S)pairs Sl G T S
*  X(6900) X(7100) observed at 80 and 40, respectively  § a0} 7 57 P et S
* Interference is also > 2.5¢ 100} ,;?' Vs
CMS 135 fb™' (13 TeV) + 180 fb ™' (13.6 TeV) ' A ""j;')’,' * -
—— J/y J/vy Interference Model =l —
60! -ooeeoo.. 2++(spin-1 diquarks) e —115 Lcll‘—j % i Lcllt_s
R 0""(spin-0 diquarks) g TE | g
(E 55! Y(1S, 2S. 3S, 48) PDG _,_1108 Ol -2 O
= =
5 50 105 £
o 45 100 ., - : 6 y -
2 7 First 50 observation of X(7100) and “three-way” interference
S = . . . .
x 40 95 Consistent with spin-1 diguark model
35 Jiy Jly threshold |- The 3 resonances could be most naturally explained by a family excitation
K ??-?34?--55--'?3?--?5?-?3?1--5*”"*--*5-””?5??-”"“*--'?34--?????31?-55?-'?33--??5—-3?3?--?5?-?3?3?5- Another crucial result CMS presented:
%:;g'::;.:::::_.:::::..::::_.:;::_..::::..:::::;.::::;_.:::::.:::::_.::::.;.:;::__::::_;_::::._:::::*,:::::.._::::.;:::::__:;::.._::::._::::..:::::.,:::: Determination of the spin and parity of all-charm tetraquarks
1 2 3 4 .
Radial index (CMS-BPH-24-002; Nature; arX|v)

Comparing to Y(nS)
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https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-24-002/index.html
https://www.nature.com/articles/s41586-025-09711-7
https://arxiv.org/abs/2506.07944

Structures in J/Y + Y (2S5) ATLAS-BPHY-2023-01

[ ||||||||||||||||||
~ ATLAS —— Sig. + Bkg.

=

Q)
Similar final state and similar fit range as CMS - ¢ §+1?2T8e)\/414+02fb —— Backgrownd -
» di-J/y and /¢ + ¥(25) decay to 4u are studied 3 60 wKﬂod;I A s orees
« With the addition of J /Y + Y (2S) — 4u + 2m S 400 Sig. Int, ]

LL - _

where (2S5) - 2u + 2m : + b Data
(focus of this slide) - Ny

Main contribution 20 -
 Consider X(6900) and X(7200) o E
) - [ Il.:l | I | [ | L 111 | I | L1 11 | I | I | Ll 1]
Backgrounq of low-mass (LM) gnd SPS T YA YRR TYIEY
* Consider signal cross feed of di-/ /iy and J /Y + ¥ (2S) channels Myys0r [GEV]
%) 45__II T | T T | T T T T |I 1T | T T |I 1T | [ [ II__ %) 45__|| I | T T | T T T T | T 1T | [ |I [ | T T I III__
. . - ATLAS —— Siq +Bka. - - ATLAS — Sig+Bka. 7
Emphasize on testing 3 models 9 40 Vs =13 TeV, 140 fb” chkzznd E 9 40 Vs =13 TeV, 140 fb™ chsznd -
* Model A: Xs, LM, SPS all interfering S 35 IS et 2 3B Ywrv@SawRn s -
: : : i - . 12/ - ' - ]
 Model B: Xs are stanc!alone, but LM interfering with SPS bkg s 30- | Model B ------ signal - § 30 | Model C- sina .
« Model C: Non-interfering “ s || t Data Yo t Data -
Confirms excess of X(6900) at 8.9¢ 150 | E 15| E
Excess at 6900MeV is significant regardless of model choice ol /1 E 10| /I E
Not enough significance for X(7200) e | E st |/ | E
E /:!| | I|\.|\.|R"I"|"'|"r-|—| PR LTI .|_'11:L| L IE E /J;II |\I|\.\|\ Chrad e e S Tt L |E
0 / 75 8 85 9 95 10 10.5 11 0 /7 75 8 85 9 95 10 10.5 11
My, 12, [GEV] My 40r [GEV]
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BY lifetime precision measurement  ATLAS-BPHY-2020-09

10°
> T | | L L L
= ATLAS
-1
0 *0 + —yr4 . — 12 250 Vs =13 TeV, 140 fb
B > J/YK*© > K*m :
,Ll ,Ll < 200 — Total fit
2 -=== Signal

E ==+ Background
F it 150 :— "] Model uncertainty
+ mass-lifetime 2D pdf “F R I,
50 —
InL = Z w(t;) In[ fiie Msig (m) Tsig (tis 01, pT,) + (1 = fio) Moke () Tokg (ti, 0., PT,) ] :
i=1 T 1.1
« Effective at distinguishing g
prompt and combinatorics baCkgroundS 5000 5700 5200 5300 5400 5500 5600
' ' m(Jy K*) [MeV]
n 310001'03| | | L DL L L DL ‘-QD_ ryrrvp T T T T |
SyStemathS s ATLAS ) P ATLAS _1
I m S - \EB ;tg TeV, 140 fb S 10755 ey, \/EB1t3 TeV, 140 fb
. . XY 2 ; al R e Data
« Lifetime calculated by z - signal R - Joald
- .-. Prompt background .8 Signal
pT 600 - = » Combinatorial background MO =+= Prompt background
[ Model uncertainty 10 TN [T, = = Combinatorial background

Affected by track parameter uncertainties

« Specifically collaborate with vertexing/tracking groups

* Tackle tracker misalignment, 200
propagate such impact to final B-vertex as systematics .

1.1

400

III|III|III|II||III|><

--------w".---------'

Data/F
Data / Fit

0.9
0.8

—0.4 —0.2 0 0.2 0.4 0.6 0.8 1
t(J/y K*) [ps]

Fits performed in 2D, these are projections
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BY lifetime precision measurement ATLAS-BPHY-2020-09

Source of uncertainty Systematic uncertainty [ps]
ID alignment 0.00108
. Choice of mass window 0.00104

SySte m atl CS Time efficiency 0.00135

« For background, mass and lifetime was found to be correlated fd‘gffnfdtl selection ggg‘:‘s‘;

* Time part of background pdf studied with mass dependence < Mass-time correlation 0.00229 —
Proper decay time fit model 0.00010
Conditional probability model 0.00070

ReS U It Fit model test with pseudo-experiments 0.00002
Total 0.0035

« Smallest stat. uncertainty to-date

¢ T. 15053 i 0001 2 (Stat) i 00035 (SySt) pS Egzgz?iearflﬁﬁzgiﬁfgal uncertainty ATLAS

—> total uncertainty of 0.0037 ps or 0.5% [ Systematic uncertainty
 The best lifetime by a single experiment <\lﬂiﬁ,§ﬁ;jj§;ji_f,;,;;‘?;_‘;—*1”‘-“ e b
 Valuable input to prediction models ?iﬁ‘fﬁi&fﬂ“fﬁ;;‘;ZLL'?_F"" —
LHCb B = Iy K™ 1 @7 Tev
1.524 = 0.006 (stat.) = 0.004 (syst.) ) @
LHCb B’ — Jhy K% 1 tv'@7 Tev —==—
M d 1 1_‘ I—\ 1.499 + 0.013 (stat.) i?).{]{li (syst.)
0dc d/Ts LHCb B'— K', | fb @7 Tev —
HQE [16] 1.003 + 0.006 Eﬁsi];ﬁ“—l: ;j:;;(igtggfs;;f; K° 19.7 iv'@8 Tev |§|
* 1.515 + 0.005 (stat.) £ 0.006 (syst.)
Lattice QCD [17] 1.00 +0.02 DO B"— Du'v, X. 104 11}']@,_ 1.96 TeV ]

1.534 +0.019 (stat.) + 0.021 (syst.)

CDF B'— J/y K™, B"— Iy K%, 4.3 fb@1.96 Tev =
1.507 £ 0.010 (stat.) = 0.008 (syst.)

Theoretical predictions for BY to Bs® width ratio Belle I B' D/ 190 Y (45 E—

1.499 £ 0.013 (stat.) £ 0.008 (syst.)

ATLAS: 0.9910 + 0.0022 (STAT) £ 0.0036 (SYST) BaBar B'—D 1"y, 51 1 0v(45) ————|

1.504 +0.013 (stat.) "™ (syst.)

Belle multiple channels, 140 b @Y (43) I‘E"

1.534 + 0.008 (stat.) + 0.010 (syst.)

e
1.48 1.5 1.52 1.54 1.56
1(B°) [ps]
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Exclusive reconstruction of B* mesons

Excited B mesons

- B*,B% and B. are in general extensively studied

- B**,B*0 and B;® are much less explored

 Mass difference m(B*) — m(B) is crucial to quark models

Challenge
 |In B* —- By decays, the photon is 40-50 MeV (B* frame)
- Use conversion electrons
- Photon candidates > 300MeV
 True photon energy; electrons lose energy in the detector
- Photon energy scale correction algorithm
Tuned per bins of p; and |n| , using #° — yy decay

Channel of choice

* B* - By(ee)

e Bt yYK*t B>y K*YandBd - Yo
J/W->uu,K°>K'm~and ¢ - KTK™)

m(B*") —m(B")
m(B*’) — m(B")
m(B;") — m(By)

First time exclusively reconstructed
An order of magnitude improvement over world average value

60 fo ' (13 TeV)

= 400F
= [ CMS

350+ ¢ Data
0 - 0.8<p_(y)<0.9 GeV —Fi
-— - T it
— 300 08 <n(y)<0.9 — sy
0 - m=133.48+0.09MeV ||
E 230 before PES correction - Bizkgmund
© ' MEP6 = 134.98 MeV
o) -
= 200 Uncorrected
© -
O :

0

CMS Measured Value [MeV]

45.277 £+ 0.039t.¢ + 0-0275y5t MeV
45.471 = 0.0564¢5¢ = 0.0284y; MeV

49.407 £ 0.132stat = 0.0415y5c MeV

50 200
m(yy) [MeV]

PDG World Average [MeV]

45.37 = 0.21 MeV
45.42 1+ 0.26 MeV

48.5753 Mev

CMS-BPH-24-01

60 fb ' (13 TeV)

> 400F
< [ CMS
350F ¢ Data
L0 - 08<p(1)<09Gev |
;300:—0-5"|‘1{T)I<0-9 | — o5 yy
8 oeqr m=134.94:009MeV [l g\ oound
] E after PES correction : : Ms[m: 134,98 MeV
5 200 Corrected 1
&S 150F |
100f
50
0

> I

= 100 B CMS

<t n

o | t Data,n(y) <0.6

~ 80 —Fit

N + + + +

Qo - —B“"—>By,B>yK

g 60 - — - Background

-g [ ——-B*"> B"y, B'— yr'

O 40 - Example fit

0 4 I I A . S
5.31 5.32 5.33
M(B"vy) [GeV]
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D meson production measurement  ATLAS-BPHY-2018-10

> FT T T 3 > T .
2 4500t aTLAS —e— Data 7 2 350 ATLAS —e— Data =
© 4000F Vs=13 TeV, 137 fb” — it 4 o - Vs=13 TeV, 137 fb" — Fit .
| % ag0or 0-0<MI<05 oo 4 = 300:-60<p <80 GeV e
D meson prOdUCtlon §3000§_ ----- g;izség;;(l)liwo —§ § 2502_ ----- g;i:SiS%rllaliﬂ —i
» Directly related to charm production 25005 L R I R
Normalization for works making use of D meson 2000F- 1 sk } E
.
2 muons 1000 SRk N E 100 RS ST E
. 5005 : S0 — ! E
D i/ D S_ - ¢Tl’- - HHTL— Oiﬂ'""-“r"r“.“ﬂ“'?‘"':i """ .‘----'.-"".r"“f.‘---.--;--.---|--"-T1‘:'=-w-.--=-. S M | ] 05.-1 1 e e ‘ ;.. AL LT L TEREres oY r1-.1r.|--5
. . S 4= ' ' ' ' — = — ' ' ' "
 Cleaner compared to using K/m final states S o ot " +++H*_: a g_ﬂh i b {7
. L1 1 TTTeL ¢ te 1l
« D*and DI have mass difference < 100MeV, o s WRIUNE t i iaiovstuiain B +*|+*|*|+H? + ’;_-
extracted simultaneously, in bins of Dt and In| | 700 7800 900 20'00+ 2100 2200 {700 {800 1900 2000 2100 2200
e Enhanced using my, around ¢ mass D.(1068 1 pion M [MeV] ; . My [MeV]
* Limited by muon trigger thresholds o ) 3 Unbinned 'tf to exftractlyleldl I )
3 ATLAS 1| CEoMVENS é 10??_TL1§ST s VENS
Re) = ) = £ - \S= eV, -
% ﬁilf’ 2T gv, 137 1o %;::LL ? E z: 12 < p2 <100 GeV %;ZSLL _%
Result S 10 P N 7 £
- First differential measurement of Dy meson in the LHC up to 100 GeV s N E
. n agreement with FONLL and GM-VFNS with deviation at high p; " B R
. nput to NNPDF in improve PDF model B :_ AAAAAAAAAAAAAAA
| aa— e
| | | I I | E E
3 ' v —
S S 5
£ =

Differential cross-sections
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LFV 7 — 3u decay ANA-BPHY-2020-09

3 Muons(t23)

BR(t — 3u) status

* Any signal is clear bSM physics
MSSM : 10-19- 108 (arxiv; 0801.1826)
Standard Model: ~10->° (arxiv; 1912.09862)

e ATLAS run-1: 3.76 x 10~

« Most stringent limit is by Belle-Il at 1.9 x 1078

7 lepton

-

Neutrino(v,)

Dy(cs)
Mps ~ 1.96 GeV

Channels accessible by LHC

« Challenging heavy flavour (HF) at lower energy
BR(DF - T + v;)~5.4% HF Channel
BR(B - 1+ X)~3.4%

. 1 T T 11 T T 11 rrrr[rrrrprrri T 1T 11 I ?_I LI LI IIILILL LI L UL LI LI LI IIII_

+ Cleaner, W-boson (EW) at higher energy & o AmLAs | e+ 'SBData 1 2 Famas e Data ]

BR(W - T +v,) ~10.8% S F Vs=13Tev,137f" -~ wo3usignal  EM & gL (5=13TeV, 137" T Signal (Boa0°)

o Taal o LCH i —-Fitingregions =1} - BamelTght Data events: 12 -

Optimize primarily for W channel, 0 ko 5 of -

] 1 a > N ]

include also HF result e 0k { I E = -

s [ shlhap E

Analysis approach 3 %, l ] aF E

« BDT cuts to define fit regions, fit around T mass 107 '*f.,' | & - .

» Focus on EW channel - s S Cs ol & 2E | E

(better sensitivity over HF, due to trigger limitation) - I - I ‘' o IO V| I

107 NI T E E g .

. _ — e e e ey
Limit of BR(t = 3u) < 8.7 x 107° at 90% CL 0 0170203 04 05 06 0.7 08 09 1 1500 1550 1600 1650 1700 1750 1800 1850 1900 1950 2000

BDT score , , M [MeV]

BDT cuts Unbinned fit around T mass
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https://arxiv.org/pdf/0801.1826.pdf
https://arxiv.org/abs/1912.09862

Rare n — uuee decay

O
=
w
Y]
ol
3
=)
D
<

CMS BPH-24-001

2022, 38.0 fb' (13.6 TeV)

S 35¢
(i) N | Lt Comb. _Bactcground fit
n(=yy") - uuee = 30F signa e
« Challenging prediction because of the two virtual photons %‘ 25E Channel Sum f
 Unknown transition form factors E 201 + niﬁ*p‘e*e‘ MC
 SM prediction: 2.3 x 107° 1565~ 120e1s — TR MC
 Previous result: Upper limit at 9.7 x 10~°> (CELSIUS/WASA Collaboration 2008; arxiv) 10 x2Indf = 60.4 / 62
s Mo

n - uuy , obesnd? (1T M T
* Reference channel 5 Ok |
* Known BRof (3.1 £0.4) x 107* g_gé*—l-élM*J‘ﬂ*«"#‘*&ﬂ-ﬂuH Hl H— H N b ot 4.‘*‘

9—04.45 05 055 06 065 07 075 08
Challenges m, . (GeV)

Very soft final states

O

MS Preliminary

2022, 38.0 fb' (13.6 TeV)

- Special dimuon trigger with threshold at 3 and 4 GeV > 80;_ _______ Comb. Background fit
—>Electrons down to 2GeV E 70%_ Rg;ear:::f + ------- oy fit
« Electron resolution 2 gof- o
—>Electrons assumed to be from primary vertex, = 50E- n-ue’e” MC
but real vertex can be in the first pixel layer 40~ T oY MC
> Peak at 554 MeV (world average 548 MeV) S0E Jindf = 66.6/ 63
* Photon conversion and reference channel contamination fgg
- Reference channel enhanced region designed to NIRRT 4 e a0k S AR
select electrons coming from photon conversion g 4
E %E *élhthﬁ*%#?“ﬁ +J.$$u+ +1¢l+ ll 23 l1$++¢ll+ +l ll H,
Clear signal in the fit, fitted N,,.,, = 122 + 13, measured BR of (2.1 £ 0.7) X 10°° g2 | | | | | | (
0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8

Consistent with SM, first observation of the decay

m,, 0 (GEV)
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https://arxiv.org/abs/0711.3531

Summary

Y(1S), Y(2S) and Y(3S) production

* Y(1S), Y(2S) and Y(3S) differential cross sections (CMS-BPH-24-004; arxiv)
—> Differential measurement over a broad kinematic range; strong input for global fits

* Y(1S) + Z associated production and effective double-parton scattering (CMS-BPH-23-007; arxiv)
—> First study of the production; measuring DPS in kinematic bins

Tetra quarks
« Family of all-charm tetraquarks (CMS-BPH-24-003; arxiv)

- Observation of 3 states and interference; interpretation of common underlying configuration
o J/Y +1(25) resonance (ATLAS-BPHY-2023-01; arxiv)

- Confirms observation of X(6900), strengthened by adding 4u + 2m mode

B and D meson production
«  BY lifetime precision measurement (ATLAS-BPHY-2020-09; arxiv; erratum)
- Best BO lifetime on to-date
* Exclusive reconstruction of B* mesons (CMS-BPH-24-011 arxiv)
—> First exclusive reconstruction; mass difference 1 order of magnitude improvement
* D meson production measurements (ATLAS-BPHY-2018-10; arxiv)
—> First differential measurement for high p-

Searches
« LFV 1t - 3u(ATLAS — New Results)

- Improved limit compared to ATLAS run-1 result; 4 times improvement
 Raren — uuee (CMS-BPH-24-001; cds)

—> First observation; almost 2 orders of magnitude improvement

Heavy flavour physics in ATLAS and CMS Edwin Chow


https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-24-004/index.html
https://arxiv.org/abs/2601.20023
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-23-007/index.html
https://arxiv.org/abs/2602.02770
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/BPHY-2020-09/
https://arxiv.org/abs/2411.09962
https://link.springer.com/article/10.1140/epjc/s10052-025-15188-5
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-24-011/index.html
https://arxiv.org/abs/2508.05820
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/BPHY-2018-10/
https://arxiv.org/abs/2412.15742
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-24-001/index.html
https://cds.cern.ch/record/2951499/files/BPH-24-001-pas.pdf
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-24-003/index.html
https://arxiv.org/abs/2602.02252
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/BPHY-2023-01/
https://arxiv.org/abs/2509.13101
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Effective double-parton scattering

| | | | | | |
-- CMS, Vs=13 TeV, Jiy+Jy+Jhy Nat. Phys. 19 (2023) 338
—.- DO, Vs=1.96 TeV, Jiy+Jy Phys. Rev. D 90 (2014) 111101
—— CMS*, \s=7 TeV, J/y+Jiy Phys. Rept. 889 (2020) 1
-.- ATLAS, Vs=8 TeV, J/y+J/y Eur. Phys. J. C 77 (2017) 76
. . — CMS, ys,=8.16 TeV, J/y+J/y Phys.Rev.D 110 (2024) 092002
S P S D P S CO ntrl b utl on < DO*, Vs=1.96 TeV, Jiy+Y Phys. Rev. Lett. 117 (2016) 06200
-— ATLAS*, {s=7 TeV, W+J/y Phys. Lett. B 781(2018) 485
. . .- ATLAS*, Ys=8 TeV, Z+J/y Phys. Rept. 889 (2020) 1
° F |t pe rfo 'm ed tO eXtra Ct De I b| N I > ATLAS*, s=8 TeV, Z+b(—J/y) Nucl. Phys. B 916 (2017) 132
! —— CMS, ¥s=13 TeV, Z+Y(1S) this work
— UA2, Ys=640 GeV, 4-jet Phys. Lett. B 268 (1991) 145
—— CDF, Ys=1.8 TeV, 4-jet Phys. Rev. D 47 (1993) 4857
—— ATLAS, {s=7 TeV, 4-jet JHEP 11(2016) 110
- CMS, {s=7 TeV, 4-jet Eur. Phys. J. C 76 (2016) 155
— CMS, Vs=13 TeV, 4-jet JHEP 01(2022) 177
— DO, Vs=1.96 TeV, y+b/c+2-jet Phys. Rev. D 89 (2014) 072006
—— DO, ¥s=1.96 TeV, 2-y+2-jet Phys. Rev. D 93 (2016) 052008
- CDF, Ys=1.8 TeV, y+3-jet Phys. Rev. D 56 (1997) 3811
- DO, ¥s=1.96 TeV, y+3-jet Phys. Rev. D 81(2010) 052012
) 1 - DO, Ys=1.96 TeV, y+3-jet Phys. Rev. D 89 (2014) 072006
CMS 138 fb™' (13 TeV) . 9|M8| o |’|f|3’8I flb I(’|I 3I TeV) —— ATLAS, f5=7 TeV, W+2-jet New J. Phys. 15 (2013) 033038
§2 B L T R B 7o) N | | | | | [ S CMS, {5=7 TeV, W+2-jet JHEP 03 (2014) 032
c - 1 T 2 — CMS, ¥s=13 TeV, WW Eur. Phys. J. C 80 (2020) 41
g') i ¢ Data 5 1 6—_ ' Data - TR B R ° ° o Te
W 500 — Total 1 & 14k — Total B 0 20 40
- ----SPS 1 T - ---- SPS i Octf DPS [mb]
L _ (] B B erl,
I ¢+ —-DPS 1 > 1921 —-DPS . -
= 4w - ] CMs 138 fb™' (13 TeV) CMS 138 b (13 TeV)
15_____ ] - B E ' T T T T 3 | T R \
L - 10 A o - £ + o Mmeasured per bin £ —— o Mmeasured per bin
: ¢ : I~ . % I I . - 13 0+7.7 b ] % 102 ' : . +77 —
i i 8- — o nclusive 6= 13.0;, m 1 nclusive o, = 13.0 ;, mb ’
10— . - - f ] i :
L _ 6;_______ __ = - - L i
. i - ° - I |
N | 4 ° — i | i i
5- - : . |
I * ! 20 ? -
O-------.:-------| | 0:------------------------------------.------Z
=N RN BN RN RN S BN A B R B R co e e b b e 1 i ] i l
0 1 2 3 4 ) 6 0 0.5 1 1.5 2 2.9 3 i 1 i 1
Ay(Z’ Y(1S)) Aq)(z, Y(1S)) | [ \\‘ | | [ II| 7 | [ 1 | I\‘ | L1 \I\| 7
1 10 10° 1 10 10°
Py [GeV] p2[GeV]

For the first time o, measured in bins of Y and Z momenta
* Overall measurements are consistent with other experiments
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Determination of the spin and parity of all-charm tetraquarks

Candidates / 0.2

CMS 135 fb" (13 TeV)
350
- $ Data -+ X(6600)
300 — Full model = X(6900)
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8 250 —— Background = X(7100)
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Candidates / 25 MeV

Data—Fit

CMS 135 b~ (13 TeV) + 180 fb™' (13.6 TeV)
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