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B} > J/¥DZ and BY = J/wD:t at ATLAS

* BF can decay via a weak transition of either heavy quark and a
weak annihilation, and provide a unique testing ground for
various theoretical models
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Figure 1. Feynman diagrams for Bf — J /'L;'ng*) decays: (a) colour-favoured spectator, (b)
colour-suppressed spectator, and (c¢) annihilation topology.

* Bf to J/YDSand J/YD:* decays are observed by LHCb and
ATLAS, while weak annihilation contribution is discussed only
IN a few papers, rrog0(2014)114030, IMPA33(2018)1850044

* ATLAS improved the precision of the measurements of these
two decays, using 139 fb~1 data collected at +/s = 13 TeV



Bf - J/WD} and BY — J/YD:T at ATLAS

« 2D fit to m(J /YD ): |cos@' (u*)| is applied to extract signal
yields, and transverse polarization fraction in Bf — J/yD:*

* Branching fractions are measured relative to Bf - J/ym*
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B - J/YDS and BY - J/YDIT at ATLAS

* Precision improved branching fraction ratio measurements
* Consistent with earlier ATLAS and LHCb measurements

* Consistent with a QCD relativistic potential model calculation

o _ BB~ J/wDH)
PS/m" T B(BF - J/pmt)
BB = /YD)
B(BF - J/ym*)

. BB > J/yD:Y)
D*/PS T B(BF — ] /YD)
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* The fraction of transverse polarization in Bf — J/yD:™ decay

* I,/T =0.70 + 0.10 + 0.04
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* Agree with 2/3 --- expected from naive spin-counting considerations




First observation of the rare 4u decay of n at CMS

* The double-Dalitz decay, n = u*u~u*u~, proceeds
via Internal conversion of two photons into 4 muons

I

Direct contribution

Vector-meson dominance
contribution

CMS-PAS-BPH-22-003 | I

* |t can serve as precision test of the SM

* |t offers sensitivity to new physics

* [t contributes to the hadronic light-by-light
component of the muon anomalous magnetic

moment a,




First observation of the rare 4u decay of n at CMS

* CMS observed the double-Dalitz decay n = u*u~u*u~ for the
first time, using data collected at v/s = 13 TeV in 2017 and
2018, with high rate triggers

* The branching fraction is measured relative ton — utu~
and is consistent to SM predication
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-] /1 resonances

* Exotic hadrons which are not in qq or qqq configurations are
expected in QCD theory

* Many candidates are reported In experiments since the
discovery of the X(3872) by Belle

* Exotic hadrons containing four charm are discussed In various
theoretical models. A such candidate, the X(6900) Is first
reported by LHCb in 2020
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* ATLAS and CMS collected good data to study Di-J /Y structures



Di-J /¥ resonances at ATLAS

 ATLAS studied the Di-J /3 mass spectrum using 139 fb~! data
collected in 2015-2018 at+/s = 13 TeV

* AR < 0.25 for signal region, and AR > 0.25 for control region

* Single parton scattering (SPS) and double parton scattering
(DPS) backgrounds are modeled by MC simulations, and
corrected according to data in control region

* Obvious structures in di-J /Y and J /Yy (2S) mass distributions
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Di-J /1Y resonances at ATLAS

* Three interfering BWs for di-J /Y signal structures
* The third one consistent with LHCb ATLAS-CONF-2022-040
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(model B) for J /Yy (2S) signals

* Di-J /Y signal structure + single BW (model A), or single BW
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Di-J /1Y resonances at CMS

« CMS studied the di-J /Y mass using 135 fb~! data collected in
2016-2018 at /s = 13 TeV

* Background: NRSPS, NRDPS, a near threshold BW (ad-hoc BKG)

e Non-interference fit
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* Confirmation of X(6900), 9.40 ;
* Observation of X(6600), 6.50

* Evidence of X(7300), 4.10

* Data demands better description
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Di-J /1Y resonances at CMS

* A possible way to describe the dips Is the interference

* Interference fit
* BKG + three interfering BWs
|7y exp(ip) BWy + BW, + 13 exp(igp3) BWs|*
* Describes data well
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-003/index.html
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Di-J /1Y resonances at CMS

* Compare to theoretical calculations

_ CMS Preliminary 135" (13TeV) CMS Preliminary 135 fb' (13 TeV)
o 180 ' ‘ ' ' ' — % 180 ' ' + Data — Fit ‘ =
= E — Fi B E =
1§ 160 t Data —Fit = Ewo} = BW1 e BW2 =
PRI =BW1 - BW2[X(6900)] ﬁmf_ w1 BW3  Background 3
5 120 nn BW3 — Background 5 120F- - - Interfering BWs _;
2 100 - = 2 100 =
O 30;— _; 8 aof— é
60 — 7 60 - =
40 z— 40 f—
201 20f-
- 8‘_ A + T— s Z " I 1 ' g:
LLx'nL:i DE- % I T E% :2,
B R AR R R 8
3 L iy Bl L SR b ] 8 ¢
2 i 4 : ’ r3 - i
6 55 75 ] 85 9 - : : 5E =
Mgy [GEV] L (e Y|
. CMS-PAS-BPH-21-003 (cern.ch) ;
arxiv:2108.04017 P-wave w/ interf.

11 Pr T 363.9  320.3 -366.7 337.5 -14.4 0 0 -2.6

BW1 (MeV) BW2 (MeV) BWS3 (MeV)

1Py 0~* 356.7 320.2 -366.7 337.5 -7.2 -56.9 -43.1 -2.6 ne(1S)Xc0 (1P)
[°Pr  17* 3566 3203 -366.7 337.5 -7.2 -284 215 -2.7 ne(18)xe1 (1P) 6638 6847 7134
1°P, 2-TF 356.6 3202 -366.7 337.5 -7.2 284 -2.1 -24 ne(1S)xc2(LP)
1Py 17— 3424 3204 -366.7 337.5 7.2 -853 -30.2 -2.7 Ne(18)he1(1P) S‘Wave l v
5 = - . k T -
15P, 2 342.2 320.2 -366.7 337.5 7.2 -28.4 302 -2.5 / ates  JP Mass(n = 1) | Mass(n =2)| | Mass(n =3)| | Mass(z = 4)
1°P3 37~ 3423 320.3 -366.7 337.5 7.2 569 -86 -2.5 3 \w/o interf - 60 Y3 27 )
21pp 1 414.7 688.7 -263.4 548.6 -11.2 0 0 -1.6 ) 0 605577, 6555 37 6883757 715475

- \
2Py 0+ 4100 6896 -2634 5486 56 -462 345 1.7 685] 1 BW1: 6552 MeV 2++ 60904:22 6566fg;’ 689032 71603;

I23P1 1-+ 410.0 689.6 -263.4 548.6 -5.6 -23.1 17.2 -1.6 6926 I“-*

BW2: 6927 MeV
23p, 2-+t 410.0 689.6 -263.4 548.7 -5.6 23.1 -3.4 -1.7 6951 4 BW3: 7287 MeV
25pP; 17— 398.7 689.5 -263.4 548.6 -5.6 -69.3 -24.2 -1.7 6849 1z ’ e
25P, 277 398.7 689.5 -263.4 548.6 5.6 -23.1 24.2 -1.5 6944

0t 5984164 646833 6795120 706673}
NuclPhysB966(2021)115393 B

25P;  3—— 398.8 680.7 -263.4 548.6 5.6 46.2 -6.9 -16 6982 /e Rad|a| excited P—Wave states (||ke ]/1'0 SerieS)?
31p,  1-— 479.8 9822 -2155 727.8 -9.3 0 0 11 7221 ) ,

s3py 0+ 4750 osa7 2155 Tar7 46 419 a0 .12 s ®  Radial excited S-wave states?

ls3p, 1-+ 4751 9826 -2155 727.7 -46 -209 155 -1.2 7220 o

33p, 2t 4751 982.6 -215.5 727.8 -4.6 209 -3.1 -1.0 7243 Theoretical situation dlﬂ:lCUIty & COﬂfUSIﬂg
3%P; 17~ 4659 982.8 -215.5 727.7 4.6 -62.8 -21.7 -12 7150 . |mp0rtaﬂt next Step: measure ]PC to Clarify

35P, 277 465.7 982.6 -215.5 T727.8 -4.6 -209 217 -1.1 7236
35P; 377 465.8 982.6 -215.5 T727.8 4.6 41.9 -6.2 -1.1 7271



http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-003/index.html

summary

* ATLAS and CMS have collected large dataset which
can be used for b and quarkonium/light hadron study

* Latest results from B and n decays are presented

* Resonant structures in the di-J /Y (J/Y(2S)) mass
distribution are studied by ATLAS and CMS, and the
X(6900) are confirmed by ATLAS and CMS

Thanks for your attention
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