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ATLAS+CMS @ LHC
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Event selection, reconstruction and definition of

Blind analysis signal and control regions

Di-charmonium
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Jly J ybest fit obtained
with 3 interfering BWs,
70% worse fit quality

for 2-resonance fit

6.9 GeV resonance
confirmed,
consistent with LHCb

Fit on J/y y(2S) mass
spectrum, significance:

0 Model A: 4.60

3 X(7200): 3.20

0 Model B: 4.30

Evidence for an enhancer
at 6.9 GeV and 7.2 GeV
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Di-J/- tetraquarks(caco CMS PAS BPH-21-003

JIPI/ (= 4p) spectrum studied at CMS using 135 fb™ of pp collisions at s =13 TeV (2016-2018)

Event selection and reconstruction:

e 3-ptrigger: ' from J/Y + third muon (on muons from J/: p (W'y) > 3.5 GeV in 2017-2018)

e blinded signal region m(J/YJ/Y) in [6.2, 7.8] GeV (from preliminary investigation on 2011-2012 data)

e p(H)>20GeV; Il < 2.4; loose muon identification

e m(u'p)in[2.95,3.25]GeV; p (W) > 3.5 GeV P (K1) >0.5%

e common vertex fit: P__(4p) > 0.5%

e Arbitration of multiple candidates: o = (ml(u"'_u'J—MmJ,)z + (mz(pm-)-mw)z
o  Select best combination of same 4p (from MC: 0.2%) Gy Oy
o  Keep all candidates arising from more than four muons (from MC: 0.2%)

CMS FPreliminary 135 b (13 TeV)

Background model:

g
-

* Data — Fit E

glll

— BW1 - BW2[X(6900)]
-~ BW3 — Background

Candidates / 50 MeV
T

e NRSPS: threshold function * pol2 * exponential

2
e

1
1 | x*Prob =79%
1 | in[6.2,15] GeV

e NRDPS: threshold function * pol2 * exponential P

e BWO: Relativistic Breit-Wigner near J/QJ/Y threshold o

o inadequacy of NRSPS near threshold
0 feed-down of partially reconstructed higher mass states

2

=]
T

o] possible coupled-channel interactions, pomeron-exchange processes, eic.

No interference assumed
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CMS signal + background model

Three Relativistic Breit-Wigner (J* =

0') are considered

CMS PAS BPH-21-003
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Events / 50 MeV

Observation of triple Jy meson production

—_

For all muons
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CMS, arXi2111.05370

Observation of triple Jy meson production accepted by Nature Physics
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Measurement of the relative B /B~ production cross section

Events / 50 MeV

(Data - fit) / err.

with the ATLAS detector at \/f,_ =8 TeV PHYSICAL REVIEW D 104, 012010 (2021)
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B.* and B* yields measured using @nuon trigger

Their ratios, corrected for acceptances and efficiencies,
measured in twop; bins 13-22GeV, 22 GeV)
and two |y| bins (<0.75,0.75-2.3)
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B.t/ B* X-section ratios a8 TeV
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B.*/ B* X-section ratios at LHC
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Measurement ofB.* Y J/- D" ATLAS, JHER(202287

K~ = _
f rd b I3
4
o D
H,."\.
o
®
P PV

(a) (b) (c)

Figure I: Feynman diagrams for B} — J/&DE.*)J' decays: (a) colour-favoured spectator, (b) colour-suppressed
spectator, and (c¢) annihilation topology.

Normalizationmode:B;*Y J/. ~*

Runl measurementsLHCDb Phys. Rev. D 87 (2013) 112012,

ATLAS Eur. Phys. J. C 76 (2016) 4.
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Entries / 20 MeV
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Pulls

2D unbinnedfit of two subsets simultaneously
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Normalization mode: BI'h Wk*-

. XE(B_:)/NdOf < 1.8 (Ngof = 4 in the B} — J /Y™ vertex fit),
* Lyy(BY) > 0.3 mm,

Entries / 20 MeV

. |d§"(3¢)/adgv(gg)| < 3and [z}V(BY) /ozfV(BE)| < 3.
* pr(B7)/X pr(tk) > 0.10,
: T T T | T T T T T T I T T T | T T T | T T T l T :
| ATLAS Vs= 13 TeV, 139 fo i Parameter Value
2500 _
—e— Data ]
—— Total fit - mBz [MeV] 62745 + 15
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: 7 1 BCVEGPY 2.2
500 | }’//%5;- s interfaced to PyTHiA 8.244
.................. ; /‘ :
“.Jéﬁéézééééﬁz? e ] Mode €pomnsyux 1] €pi 7 x (]
B — JJyD} 0.971 £0.012  1.163 +0.013
BY — JyD*, Ay 0916 +£0.012 1.088 +0.012
B} — J/yD**, Ay 0.868 £0.010 1.049 +0.011
B — Jjyn* 2.169 +0.018 -

5800 6000 6200 6400 6600 6800 7000
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Results:

DS1
R _ B(B — J/wD{) _ Bi=J[uD  EBE—T[ynt l
D /x = TB(BE = T[un®) | Nasjgm . D B(DF > $(KK)a")
‘ B:—J |uDS*
DS1&2 DS1&2 DS1&2
° B(Bf = JuD)  Np:ljupr  €Biijup: o BIoJ[uDY
DD} = ¥  ~ nDSI&2 DS1&2 — 'D/DY ™ DSt
L — , = &= s
BB = JIIDs) N5 upr €prmijuns Bt —J |uD3*
EDSI&E
. Bf—J/uD
rii/r — .fii X EDSI&E

Bi—=J [YDT Ay

Ryt /e = 2.76 £0.33 £ 0.30 £0.16

Rpe /e = 5.33 2 0.61  0.67 + 0.32

Rpe+/ps = 1.93 £ 0.24 £0.10
[oe/T =070 £0.10 + 0.04
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Comparison with previous results and models

ATLAS
e E |1 1 —
ATLAS ((Run 1)) ’%——v—' % ; * % M 7;%

QCD PM // , /

QCD SR| = % % % " //%/
CCQM | == % —é- % —— —.— %
pQCD — / -a FH
RIQM % = % % " %
FNCM|“”|”%|‘:||”“|, |<|||||||||III%IIII|IIII|I|||||I|III%—L

1 2 RS;/WA{ 5 5 RD?/‘I: 1 2 RS:,D; 4 0.2 (i;jijl(z.G 0.8

QCD PMColangelpDe Faziog good agreement, no uncertainties, no prediction figg m
CCQMN!L.lvanovet al)¢ agrees only forRps+/ z+

Predictions forg [npre below or aroun®.56 KA f S Rl Gl | INBS @BUK
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Comparison with other Bneson decays

(a)

(b) (c)

Figure 1: Feynman diagrams for B} — .)'/1,[1[)5."‘)Jr decays: (a) colour-favoured spectator, (b) colour-suppressed

spectator, and (c¢) annihilation topology.

['(B— D*DY)
(B — D*n*)’

RD:,"H*' =~

I'(B— D*D**)
(B — D*n*)

RD;+,|"?T+ =

_I(B— D'D}")
(B — D*DY¥)

Rpy /Dt =

I'(B— J/UK")

R *+ + ~
PEIDE (B — JJUK)

Iee /T

Assuming that thecolour-favoured spectator
diagram dominates the decay amplitudes

Assuming that thecolour-supressedspectator
diagram dominates the decay amplitudes

Can be also compared t B! — J /¢
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Comparison with ligher Bneson decays

ATLAS (Run 2) 2 4
LHCb (Run 1) %
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B.— DD} /Din*
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BY— J/yo %
11 1 IIII IIIIII 1 111

2 53}
RD;/TC"' RD;+I{T[+ R >4 +

Supports theassumtionthat the colour-favouredspectator diagram
dominates the decay amplitudes




B’Y k% (FCNC, CKM and helicity suppre$sec
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B’Y k% (FCNC, CKM and helicity suppre$sec

ATLAS-CONF-2020-049
ATLAS, JHEF(2019098 CMS PAS BPH-20-003
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Entries / 0.25 ps

B’Y k% (FCNC, CKM and helicity suppre$sec

CMS Preliminary 140 fb (13 TeV)
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= Full PDF
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Good agreement
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The effective lifetime for the BY — up~ decay
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Measurement of b-quark fragmentation properties
in jets using the decay B* — J/yK*in pp ATLAS, JHER (2021) 131
collisions at Vs = 13 TeV with the ATLAS detector

N LB B LN AL B BN BN BN
N s'f"l""l'"'I""I""I"'I""I ] L] - T T T T T T T = o - ~ . . -
2 F ATLAS 1s-13TeV,139f6" B > Jy K’ 2 ST ATLAS1s=13Tev, 139" B ouwk T o 4 ATLAS1s=13TeV,139f7  B' - JyK 3
C ] (o] ~ - - o . . ]
}3 5F- 50 GeV <p' < 70 GeV anti-k jetsR=04 3 T - 70GeV <p' <100 GeV anti-k jets R=04 4 = a5k Py’ > 100 GeV anti-k jets R=0.4 3
L - e Data(stat. @ sys.) - L 4~ e Data (stat @ sys.) - bk “E e Data(stat. @ sys.) -
= [ —«— P8 (Monash + Peterson) . = [ —«— P8 (Monash + Peterson) 1 = 3:_ —— P8 (Monash + Peterson) =
4~ —» P8 (Monash + L-B) -]  —=— P8 (Monash + L-B) * - - —+ P8 (Monash + L-B) B
F —a— P8 (A14 + L-B) B C —— P8(A14+LB) i F —a— P8 (A14 + L-B) 3
L —%— P8 (Al4-1b + L-B) ] [ —% P8 (Al4-b+ L-B) = 25 5 P8 (A1d-1b+ L-B) g =
] — Herwig 7 (ang. ord.) [ —=— Herwig 7 (ang. ord.) H— 1 E  —=— Herwig 7 (ang. ord.) P
[ —&— Herwig 7 (dipole) ~ —&— Herwig 7 (dipole) o - 2= —=— Herwig 7 (dipole) -
- —e— Sherpa (Lund) 21~ —e— Sherpa (Lund) — E e Sherpa (Lund) + - l B
2- Sherpa (cluster) ~ Sherpa (cluster) 7 155 = Sherpa (cluster) i Lo M=
1 f l:ﬁ_r* ' =
] 0.5 - fi
. 1 1 A
g z == £
o 5 =
[} (@] -~
= [&]
= =
© o] =
m i i m
[&] (&) —
= = = g
0.3 0.4 0.5 0.6 07 0.8 0.9 1 0.3 0.4 05 0.6 0.7 0.8 0.9 1
F4 z

J\

o All Pythia fragmentation models give a decent description.
_ Herwig7 with dipole parton shower overestimates the low z tail at low p+
v larger fraction of jets arising from gluon splittings

2 Sherpa (mainly cluster hadronisation model) differs for very high z
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Measurement of b-quark fragmentation properties
in jets using the decay B* — J/yK*in pp ATLAS, JHER (2021) 131
collisions at Vs = 13 TeV with the ATLAS detector
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_ All Pythia fragmentation models give a decent description.

o Herwig7 with dipole PS overestimates for pt® in [1.5, 4.0] GeV at low pr
J Sherpa (mainly cluster HM) discrepant for low values of pt'®, gets worse
for higher jet pr.
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Measurement of b-quark fragmentation properties
in jets using the decay B* — J/yK*in pp ATLAS, JHER (2021) 131
collisions at Vs = 13 TeV with the ATLAS detector
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o Pythia (A14*) predicts slightly larger <z> and slightly lower <p®'>
_ Both Herwig7 discrepant at 15-20% level in <p®'> profile
o Sherpa (cluster) disagreeing at 10% to 25% for <p"'>
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Observation of BY y S)K% *' T and B%Y y @S)KO decays

Candidates / 3 MeV
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B(B® — p(25)K2ntm—)
B(B® — p(2S)K?)
0.480 % 0.013 (stat) £ 0.032 (syst)

ntm— —

R

B(BY — p(2S)Kerr 7t ) =
(13.9 £ 0.4 (stat) £ 0.9 (syst) £ 1.2 (B)) x 1072,

~ B(B? = p(25)KY)
=T B(BY = p(29)KY)
(3.33 £ 0.69 (stat) £ 0.11 (syst) = 0.34 (f. / f4)) x 1072

B(B; — 9 (25)Kg) =

(0.97 + 0.20 (stat) + 0.03 (syst) + 0.2 (£, / f4) = 0.08 (B)) x 1073
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Observation of BY y S)K% *' T and B%Y y @S)KO decays
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Iterative 1D reweightingsdone over2- and 3-body invariant mass distributions

No significant exotic narrow structures

More data are needed?
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Observation of BY y S)KO% *' T and B%Y y @S)K% decays EPJ®2(2022 499
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Prospects

Run 4 LS4 Run5

Shutdown/Technical stop

s o Run3: ~300fb-1

Commissioning with beam
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