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* Search for rare D° - ypy decay submitted to PRL
e First full reconstruction of B* mesons
e Follow other CMS results: CHS BP0

* Lepton flavor (universality) violation studies by Chiara Basile,
with heavy flavor at CMS today 3 PM

. ' - ) by Xining Wang,
Observation of a family of all-charm tetraquarks omorrow 4-30 PM

with spin-2 and positive parity at CMS QCD & hadron physics track

* Production of Heavy Flavours at CMS
by Marco Buonsante,

Wed 5 PM


https://arxiv.org/abs/2506.06152
https://cds.cern.ch/record/2932695

Events / GeV

CMS triggers for heavy-flavor physics

Many heavy-flavor analyses in CMS rely on dimuon triggers

Run2: set of triggers dedicated to specific dimuon mass regions or topologies
Run3: inclusive dimuon trigger with loose requirements on the momenta
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Search for rare D° - pu decay

[arXiv:2506.06152]
submitted to PRL


https://arxiv.org/abs/2506.06152

Search for D° - yu decay

Flavour changing neutral currents gained a
lot of attention in the last decades

* bstl transitions under heavy scrutiny
ex. Bs - yu and b - sy analyses

e cull transitions less studied

D° -, pu decay heavily suppressed in the SM (loop diagram + helicity):

* BR prediction ~ 103

* High sensitivity to new-physics phenomena

Former most sensitive analysis by LHCb posed a limit at: BR(D° - pp) < 3.5 10° (95% CL)

This analysis uses 2022+2023 CMS data, and first one using new low-pr dimuon trigger


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.041804
https://arxiv.org/abs/2506.06152

Search for D° - yu decay

Analysis uses D° from cascade decays: D** - D°mt*

« Exploits mass difference Am = m(D**) - m(D°) to strongly suppress combinatorial
* D** produced promptly or from B-hadron decays
* Final state: two opposite charged muons + track

D _, i1t used as normalization channel:

NDO—my €p0 i
N.

BD? = utu ) =BMD" = ntn")
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Sources of background:
« Combinatorial: suppressed via BDT, exploiting topological and kinematic features
* Peaking backgrounds for signal (w/ misID pions):
e D*, DO(tr)mt
e D* - DO(ttpv)Tt
» Peaking background for normalization channel:
e D**->DO%Km)Tt


https://arxiv.org/abs/2506.06152

Search for D° - pu decay - results
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Fullly exclusive reconstruction of

B**, B*°, Bs*° radiative decays

[CMS-BPH-24-011]


https://cds.cern.ch/record/2932695
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CMS analysis on Run-2 heavy-flavor datasets, with mixture of triggers

B* - By full reconstruction

Exploits charmonium decays of B mesons

. B* YK

e BO K*(892)° (- K*1T)

* Bs- W (- K'K)

e J/Yor YP(2S) - pu
Photon conversion reconstruction in e*e

Refit of electron tracks and By vertex (including other tracks

from PV activity) to improve mass resolution
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Dedicated photon energy correction:

* 11°- yy with double conversion
used in bins of pr and n

* Successful in correcting energy
underestimation


https://cds.cern.ch/record/2932695

B* full reconstruction
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B* mass results

Parameter Value
1 Am(B*t) = m(B*T) —m(B") 45.277 +0.039 + 0.021 MeV Hyperfine One order of magnitude  45.34 +0.20
2 Am(B*) = m(B*?) —m(B°) 45.471 + 0.056 + 0.024 MeV * splitting in B precision improvement 4534 + (.20
3  Am(B) = m(B:%) —m(BY) 49.407 4 0.132 + 0.034 MeV system! wrt PDG 2024 485+ 14
4 m(B*T)  5324.69 + 0.04 + 0.02 = 0.07 MeV oo )
5 m(B0) 532519 +0.06 - 0.02 + 0.08 MeV New masses to B*0 mass” 5324.75+0.20 MeV
6 m(B20) 541634+0.13+0.03+010Mev  add to PDG By’ mass 5415.4+1.4 MeV
7 m(B*°) —m(B**)  0.5040.07+0.01+£0.05MeV — |n agreement with CMS-BPH-16-003
8 m(B0) —m(B*t) 91.6640.14+0.03 +0.12MeV
9 m(B:0) —m(B*) 91.15+ 0.14 + 0.03 £ 0.12 MeV
10 m(B20) — MEDEmB) 99 404013+ 0.03 + 0.12 MeV
11 Am(B*) — Am(B**)  0.19 £0.07 4 0.01 MeV
12 Am(B%) — Am(B*+) 4.13 +0.14 & 0.03 MeV :
13 Am(B:0) — Am(B*°) 3.94 +0.14 & 0.03 MeV > First measurements Some S_ySt_ematICS
14 Am(B0) — A EAnET) g 0340134 0.03MeV cagcelt_ln dlffedr(—;*rr:ces
15 Am(B*0)/Am(B*+)  1.0043 4 0.0015 + 0.0002 and ratios and theory
16 Am(B)/Am(B*)  1.0912 % 0.0031 = 0.0007 uncertainty also
17 Am(B0)/Am(B*0)  1.0866 + 0.0031 = 0.0007 expected to be
18 2 Am(B50) 1.0889 + 0.0030 =+ 0.0007 ) reduced

Am(B*T)+Am(B*0)



https://cds.cern.ch/record/2932695

B* mass — comparison with theory

A feW Iattice theory papeI‘S Parameter | Measurement, MeV | Theory, MeV

, L : T
provide predictions with m(BH)mm(W; L e

uncertainties e 39+ 2 [24]
y el 0) 45471 4 0.056 + 0.024 | 41.7 £5.3 [25]
m(B*") — m(BY)
One paper comments on the P 52+3 [10]
ratio of hyperfine splitting m(B) —m(BO) | O O | MV [25]
Parameter Measurement theory
Am(B*fn)(é*Ao)"ﬁ;)) 1.0043 -+ 0.0015 =+ 0.0002 [10] Phys.Rev.D 86 (2012) 094510
N it = - [24] JHEP 01 (2025) 123
) | 1091200031 200007 [25] Phys.Rev.D 92 (2015) 5, 054509
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e (B;i)(é S%)"f(B('B; 1.0866 4 0.0031 = 0.0007 | 1.007 + 0.034 [10]~
m(B*Y) —m (B0

)
2.Am(BY)
mgm—wfﬁ 1.0889 4 0.0030 4 0.0007



https://cds.cern.ch/record/2932695
https://doi.org/10.1103/PhysRevD.86.094510
https://doi.org/10.1007/JHEP01(2025)123
https://doi.org/10.1103/PhysRevD.92.054509

Summary and conclusions

* Search for rare D°- pp decay
— Excellent example of application for new CMS soft dimuon triggers
— New best limit on the branching ratio
— Still 4 order of magnitude above SM prediction

* First full reconstruction of B* mesons

— Uses converted photons to exclusively reconstruct the B**, B*°, Bs*°
states

— Most precise measurement of hyperfine splitting in B system
— Theory predictions need to be improved!

* As inclusive dimuon and signle-muon triggers keep collecting
data, stay tuned for new exiting results to come!
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D° - yu systematic uncertainties

Source D - uu DY— nmr DY — muv
Trigger efficiency 0.7% 0.7% 0.7%
Muon efficiency 2% — 1%
Tracking efficiency 4.6% 4.6% 4.6%
Pileup 1% 1% 1%
DY — 7~ yield 8.7% 8.7% 8.7%
Efficiency 0.2% 0.6% 12%
dyrya correction 1.2% 2.0% —
BD? — 7tx) 1.7% — 1.7%
BD® — m~utv) — — 4.5%
Fit bias 1% — —

Misidentification rate — 28% 14%



D° - yp resulting yields

Range Signal ~ Comb.bkg. DY — ntn~ DY— m utv Data
Full range 100 £120 126140 + 380 278 +51 231 +40 126752
0.145 < Am < 0.146 GeV 67 £ 81 14037 =42 179 £33 94 £ 16 14412

1.84 <m,, <1.89GeV 90+ 110 48530 £ 150 162 + 30 62 + 11 48798



B* history (from

M4 Mav Aot

HISGORY OF B MESON studies cHi:PAS-BP+ 24011

. Assumes Am = m(B*?)-m(B°%)=m(B"*)-m(B*)
LE_P experl_ments L3, 'M’ OPAL, ALEPH . for D mesons such Am are different by 1.5 MeV!
using Z—bb process, inclusively reconstruct B meson as b-jet
combine b-jet with a converted photon (calibrated via 1°)

Measure averaged between B™, B0, and B.? mass difference
m(B*)-m(B) VALUE [MeV) EVTS DOCUMENT ID TECN

45.21 +0.21 OUR FIT

' cap B T PN R |
TS ALEPH | g: J OPAL - #,'K\ .‘L w\""ﬂ ?ml (a) 'ili DELPHI w 45.42 + 0.26 OUR AVERAGE includes data from mp.-mp
[ G M 13 -
wl 4 Dissse| 8™ 1 5 [ F i R 46.2 £0.3 £0.8 | ACKERSTAFF  1997M OPAL
" Zum = ol f 78
) ’h\a\ - ,'} ik “+wp\d I f . // M 15.3 +0.35 £0.87 4227 TBUSKULC ~ 1996D  ALEP
B "“ I/ 45.5 +0.3 +0.8 ! ABREU 1995k  DLPH
r'.z hvs.tﬁsussf’abasmod ': f ST TSR . j .ths C 68 (1995) 353- 36.2 46.3 +1.9 1378 ! ACCIARRI " 19258 ldl.:!
0 [ g“\ﬂﬂ Hfa;lL ”L"]" * M TH 0 00 Bl n_l\,uﬂlll{llujl:(w(i] lﬁ T &iﬁv]n:“:f- "u 007 004 DOG 008 0.1 ﬂu“:v}:‘l me;gyur;:ents!
- " T n '*_'_ *D
Mass differences also measured via P-wave B! states PDG still has a single "entry” for B** and B™!
m(B**)-m(B*) measured by LHCb using the difference between o 592471 £ 0.21 Mev
B;,(5840)%— B™* K~ and B_,(5840)° — B* K~ peak positions s T
Mg Mg 45,37 £ 0.21 Mev
m(B**)-m(B*?) was measured by CMS (BPH-16-003) via the difference e, - eV CLat5.0%
between B, (5830)°— BK? and B,(5830)? - B"* K~ peak positions T 0.91 £10.26 Mey

Main challenge: very low-energy photons emitted in B‘*—)B]f 9


https://indico.cern.ch/event/1419878/contributions/6442805/attachments/3063105/5417108/LHCP2025_Polikarpov.pdf

B* history (from

*
B, mMEaSUREMENSS 3t B-FACGORIES

VALUE (MeV) DOCUMENT ID TECN COMMENT
48.571F  OURFIT Error includes scale factor of 2.9.

T I
46.1+1.5  OUR AVERAGE
45.7 £1.7 £0.7 T AQUINES 2006 CLEO et e~ — T(55)
47.0 £2.6 2 [EE-FRANZINI 1990 CSB2 et e = T(55)

B.? mass difference w.r.t. BY was previously
measured at B-factories via the energy
spectrum of reconstructed B? mesons
assumed to be produced in Y(5S) decays:

Y(5S)— BY B?

Y(5S)— B B?
Y(5S)- B? B.°
Y(5S)- B° B.°

However, the results were not in a good agreement
with each other (PDG scale factor 2.9)

Central value of the mass difference is larger
in comparison to B* & B°

CMS-PAS-BPH-24-011

From mass difference below and the BY mass.

VALUE (MeV) DOCUMENT ID TECN
5415.471%  OURFIT Error includes scale factor of 2.9.

E—
5415.8 + 1.5 OUR AVERAGE Error includes scale factor of 2.6.

LOUVOT 2009  BEW
T AQUINES 2006 CLEO

5416.4 +£0.4 +0.5
5411.7 +£1.6 +0.6

Do we have enough data in CMS to exclusively reconstruct B™, B'’, and B.” mesons via ] /i) modes
and provide separate measurements of the respective Am?


https://indico.cern.ch/event/1419878/contributions/6442805/attachments/3063105/5417108/LHCP2025_Polikarpov.pdf

B* systematics

Source m(B**) —m(B*) m(B**) —m(B%) m(B) —m(B?)
Signal model 4 8 21
Signal shape parameters 17 18 15 .
Yield ratios between |1 (1y)| regions 1 2 10 Am uncertainties
Background shape 2 <1 7 [keV]
Cross-feed B:Y «» B*? <1 1 10
PES 12 14 16
Total 22 24 34
Source Am(B=) — Am(B**)  Am(B0) — Am(B**)  Am(B:0) — Am(B*) Am(B:0) — AnB A
Baseline value 194 4130 3936 4033
Statistical uncertainty 68 138 139 134
] Signal model 4 23 23 23
Am d |ﬁ:e rences Signal shape parameters 2 7 7 7
s s Yield ratios between |7 (7y)| regions 3 11 7 9
uncertainties [keV]  packground shape ) g 4 )
BT — J/ynt yield 1 1 <1 <1
Cross-feed B:Y <+ B*? 1 10 12 11
Photon energy scale 4 11 11 11
Total systematic 8 31 31 31
. *0
Source Am(B©)/Am(B*T)  Am(B:0)/Am(B**) Am(B0)/Am(B*) #%
Baseline value 1.00428 1.09122 1.08656 1.08888
Statistical uncertainty 0.00151 0.00306 0.00309 0.00297
Signal model 0.00009 0.00050 0.00052 0.00052 i
Signal shape parameters 0.00005 0.00014 0.00016 0.00016 Am rath .
Yield ratios between |#(7y)| regions 0.00008 0.00023 0.00016 0.00020 uncertainties
Background shape 0.00005 0.00020 0.00014 0.00017
BT — J/ym™ yield 0.00002 0.00002 0 0.00001
Cross-feed B;? <+ B*0 0.00003 0.00023 0.00025 0.00015
Photon energy scale 0.00009 0.00025 0.00024 0.00024

Total systematic 0.00017 0.00069 0.00068 0.00067
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