DIPARTIMENTO
INTERATENEO

3 DI FISICA I N F N
8 BARI
Istituto Nazionale di Fisica Nucleare
\ — Sezione di Bari

Production of Heavy Flavours at CMS

M. Buonsante [l on behalf of the CMS Collaboration

[l Universita & INFN Bari

EPS-HEP 09/07/2025



Overview

Recent CMS results on production of heavy flavour hadrons and quarkonia in pp

collisions

* Measurement of double-differential and total charm cross section at 7 TeV References:
, o N | [BPH-22-007]
* Measurement of B meson production fractions in pp collisions at 13 TeV using  [BPH-21-007]

[BPH-23-007]

* Measurements of Y(1S) production in association with a Z boson at 13 TeV

* “Recent Heavy Flavour Physics results by the CMS experiment” by A. Beletti
* “Lepton flavour (universality) violation studies with heavy flavor at CMS” by C. Basile

* “Observation of a family of all-charm tetraquarks with spin-2 and positive parity at CMS”
by X. Wang
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Measurement of double-differential

and total charm cross section at 7 TeV
[BPH-22-007]
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Motivation and Context

Charm mass scale close to Apcp

o PR . . 10 2 =? I LI |||||| 1 I ||||||| 1 LI III //1 LI} /I/IJI‘I
transition region of perturbative and non- E Gy, o [Mb] R
perturbative regimes 10 & NNPDF30 >~ NLO

* challenging perturbative calculation 1 -

Best « NLO+NLL (FONLL) for differential cross section y : “l
theoretical . 10 L NNLO | |
predictions * NNLO for total cross section (o) = | |

2 F | :
. 1 E , !
0. measurements to compare with NNLO 0 :
-3 L '/ ‘1 \
° fiduciql Cross SeCtion extrapolated 10 L 1l Ll Ll IR
2 3 4 5
+ State of the art results based on f tat [
<?| eo . e ar resu.s ased on fragmentation Vs [GeV]
universality assumption [Eur. Phys. J. C 76, 471 (2016)]
* Recent ALICE result: charm fragmentation non-
universal [JHEP 12 (2023) 086 ]
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https://doi.org/10.1007/JHEP12%282023%29086
https://doi.org/10.1140/epjc/s10052-016-4285-4

D* reconstruction strategy )

Do SV

* Focus on prompt D* in the decay:

Db/
o N*+ 0.+ -+ T
D= hms = Komrs \ Slow pion (Tt*;) low p7 (due PV

to small m(D**) — m(D?))
K-Tt charge univocally
defined based on mg charge Provides excellent Am = m(D**) — m(D°)

resolution, reducing combinatorial background

7 TeV 2010 pp data (~ 3.0 nb™1) [All open Data]
* Special low py tracking down to ~70 MeV

* zero-bias and minimum-bias triggers + di-e/ | triggers (removing triggered pp vertex)
* Multiple candidates per-event are allowed (coming from different PVs)
* Selections strategy”
D9 built from K and Tt tracks with opposite charge, vertex fit with p-value > 1%

* T,* must be from same PV as D°, with p; > 70 MeV

* Detailed list of selections in backup
- 5
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D* reconstruction strategy )

]!
*x ° DO
* Focus on prompt D* in the decay: D*
e Dt DOT[;' —» K ntnt . + O/T[:
\ Slow pion (Tt%;) low pr (due PV
. to small m(D**) — m(D?))
K-Tt charge univocally
. : — *+ 0
defined based on mg charge Provides excellent Am = m(D™") —m(D")
resolution, reducing combinatorial background
Right'Charge K$Tl—ini. Signal + . . signalband [ !side band 3nb?! (7 TeV) & BESOR ““signalband | "!side band 3nb" (7 TeV)
. . ) _ CMS : - ) - CMS : -
+ot : : = ‘ | ® 2000 ¢ ,
Wrong-charge Kt mt: combinatorial S sool- bl S - } right charge
@ r @ B —— wrong charge
background S : S 1500 —— fit to right charge
> 600 > E5 S . background only
° L L L L
Background Subtraction: [ x
- - i 1000F
* Wrong-charge normalized via 400[ o B
i right charge r
: L —— wrong charge L
Sl de bCI ndS 200+ —— fit to right charge 500
* Signal yield from integration over the - . PR Y - .
. . 1 1 IE 1 I l 1 1 1 l. I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I L 1 1 |I 1 1 l 1 ‘l 1 l' I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I
background-subtracted signal region 07614 0145 015 0155 016 _ 0.165 97014 0145 015 0155 016 _ 0.165

My - M, (GeV) My - M, (GeV)
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Differential D* cross section extraction
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Total charm cross section

e O T e S (T TEV)
S | By BB | S o Py 0B
. . ~ | Prelimina | ata 1 = 4oL Preliminar 4/ ata
 Combination of CMS and LHCb results = O R Y s
£ 101 +4 &
* Complementing each other over different y 5 ' 1 3
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* Uncovered ly| regions determined via ddFONLL* RS B ey
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* Extrapolated from e*e™ results 8 o5 + Ea=a & Sost o8 £
005 1 15 2 25 3 35 4 45 w 005 1 15 2 25 3 35 4 45 o
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smallest extrapolation

/ ever for charm at LHC

0.94+9-19 (f)m'i;(PDF 010 (e 1, my, ag ) [mb] * ddFONLL = Data-Driven FONLL

—0.
A%ﬁa(measured PS) + AgilJI:ONLL (unmeasured PS) The “universal” fragmentation 'FFCIC‘[EIOH is rePlaced
Oce = o by a pr-dependent hadron-production fraction
2% fpre+ directly obtained from measurements at LHC
0.168%3913 arXiv:2406.03581v1

Marco Buonsante - EPS-HEP - 09/07/2025 G 8


https://arxiv.org/abs/2406.03581v1

Theory comparison

* Compared with the highest order QCD theory Ourror = 9.39%135 mp
cc,to . —1.
(NNLO) and data based on fragmentation CMS Preliminary (527 TeV
. . . T T T T I T T T T T T I T T T T | T T T T
universality assumption - CMSHLHCh | this work
+extrapolation (nonuniv.
* consistent with upper edge of uncertainty band of | J';ggrba’gg'l-a'gfn (E}r]]iv)
NNLO theory . NNPDF31
* total charm cross section was previously * MMHT2014  NNLO [1]
. . . . . HERAPDF PDF unc.
underestimated with the universality assumption ’ D
o JR14 —e—scale unc.
CT18
- ABMP16
[1] JHEP 2104 (2021) 043
| | | | | | | | I | | | | | |

0 5 10 15 20 25
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I Measurement of B meson production I

fractions in pp collisions at 13 TeV
[BPH-21-007]
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| Overview

The Production fractions (f,, fs, f4)

* Probabilities for a b quark to hadronize into a B*, Bq,

B%mesons

Production fraction ratio (PFR)

* Input for B? branching fraction measurements (e.q. f5/fy4
main uncertainty in B = uu analysis)

 Strong interest in exploring the pr dependence of f/f, )

The CMS analysis:
Hadronic open-charm Charmonium i
* to measure PFR values ¢ relative PFRs voe

* dependency of PFRs on pr
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https://arxiv.org/abs/2212.02309
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.122002
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| B Parking

* Both analysis relies on CMS 2018 B-Parking Dataset

M

Tag-side:
b—puX

Signal-side:

unbiased
b hadron
decays

2018 B-Parking:

Collected from single muon triggers

Rate that increases in steps as the rate of the

Physics Stream decreases

Integrated luminosity of 41.5 +1.0 fh~1

~10 billion unbiased decays of hadrons

containing b quarks
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— Physics Streams — — Prescale change

Fill 7108 HLT rate

Data Parking ~—— = Run change
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2018-08-31 03:25:32 to 2018-08-31 16:21:53 UTC Time

[CMS DP -2019/043]
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Charmonium

Main equation:

B
R a _ Ncorr
S - B+(BO)
corr

fa _B(B* > ]/¥K*)NE,,
fu  B(/¥K*(Km)) NE,.

. Rgd) cannot be directly connected to PFR

e Can only determine a trend in p; or rapidity

* Conversion achieved using hadronic open-
charm channel

Selections”

* Standard selections (pr, 17, mass, vtx_prob ...)

* Both tag and probe side of the trigger are used

* Detailed list of selections in backup

CMS /|

B* > J/WK*

B, - J/¥K* (Km)

BY - J/¥$(KK)

Candidates / (3.3 MeV)

Pull

Candidates / (3.3 MeV)

Pull

Candidates / (3.3 MeV)

Pull

300

200

100

-

\ OOl

x10° CMS Preliminary 6 b (13 TeV)
|+ Data P, €(14,15) N 2
—— Full it lyl € (0, 1.5) ] -
L — By K* x¥dof =114 P
I —— Comb. bkgd. - =
F—— B'>Jiy ] 3
= B*—J/y + hadrons - ©
L 1 he]
©
. T { =
- 4 ©
A SV - o

PP T S o o PR |
3 ” o] %
A 3 .
5.2 5.3 5.4 5:5

M(J/y K*) [GeV]

x10° CMS Preliminary 41.6fb" (13 TeV)
] S
- t Data Pr€ (20, 23) — g
F— full fit Iyl € (0, 1.5) ] =
F—— B’>J/y K’ (total) x¥dof =0.97 ] o
F—— B°=J/y K’ (main) / . ~
F—— B°>J/y K’ (swap) ] ] 8
[-—— Comb. bkgd. / = K
] & ©
B =
-1 @
7 (@]
E. . s
; A S a

5.2 5.25 53 5.35 5.4

My K*'t™) [GeV]

CMS Preliminary 41,6 fo' (13 TeV)
F pe(1516) 1 3

B Data }
r yle©15 1 &
—— Full it x¥dof =117 | o)
F—— By 0 ] P
- —— Comb. bkgd. . 3
N - ©
- - [ =
- - ©
- J (&)
=
a

5.3

Marco Buonsante - EPS-HEP - 09/07/2025

5.4 5.5
My K*K') [GeV]

pl probe
Q-5
O

PROBE

CMS Preliminary 41.6 o' (13 TeV)
L + Data Py (18, 23)
s Full fit ly| € (0, 2.25)
[— B-JiyK* x?/dof = 1.01
t- —— Comb. bkgd.

[ — B'>Jiy n*

B*—=J/y + hadrons

gaaalasaslassg

100 -
ki
. o ...' M
4 =
0 Fra S %aaas, & S o% oo e, - e T - =
= 52 53 54 55
M/ K*) [GeV]
CMS Preliminary 416" (13 TeV)
F 4 Data Py €423, 28) 1
150 [~ full fit lyle(0,2.25)  —
F B°—-J/y K’ (total) x?dof = 0.88 .
F B°-J/y K (main) R
100 [ BO,yny K’ (swap) -
|- —— Comb. bkgd. ]
50 |- , -
. ‘ ," \ -
‘_‘:A‘:‘v,‘, _ - . TN
4 . . . -
0 kv et ettt e
“ 52 5.5 53 5.35 5.4
M(J/y K*n") [GeV]
CMS Preliminary 416 o' (13 TeV)
E p. €(13,18) 3
40 t Data : =
E lyl € (0, 2.25) 1
30 }_ Full fit x2/dof =1.12 —E
F— Bl-Jiy ¢ ]
20 F— Comb. bkgd. } E
10 -
o E
0 - » 2

53 54 55
My K*K') [GeV]

CE— 14



| Results

Hadronic open-charm: £, /f,; and f,/f,, Charmonium: Relative PFRs
f./f, = 0.227 +0.011 (stat) £0.017 (syst) * Do not exhibit any statistically significant

Average of d d
measurements ependence on pr or |yl

fs/fa = 0.224 £0.011 (stat) £0.014 (syst) at p,>18 GeV
* Consistent with previous CMS result [PRL 131 (2023)

Compatible with the LEP result: f;/f; = 0.249 +0.023 121901
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| Results

Hadronic open-charm & Charmonium: f;/f,

CMS Prellm/nary 41, Gfb (13 TeV) CMS Pre//mlnary . 41 Gfb (13 TeV)
“\‘Z —— Tag S|de charmonlum “\‘2 —— Tag S|de charmomum
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| folfu:
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Charmonium (probe) e 0.97 +£0.06
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CMS: PRL131(2023)121901 I S 0.998 £ 0.063
R B R R

08 09 1 11 12 13
£/,
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Hadronic open-charm & Charmonium: Relative
PFRs to PFRs

d
RV > fs/ fuay

Csu = fs/ fu (open—charm)/ R (charmonium)
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—— HFLAV average for LEP
fo/fy :
Hadronic open-charm| ¢ 0.227 £0.011 +£0.017

Charmonium (tag) | 0.233+0.005+0.017

CMS: PRL131(2023)121901 m— 0.229+0.006 +0.017

1

02 025 03 035
tf,
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Measurements of Y(1S) production in

association with a Z boson at 13 TeV
[BPH-23-007]
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Z + Y(nS) Associated Production: SPS vs DPS

Measure fiducial cross section for Z + Y(1S)

* Compute effective DPS cross section (g,ff)

Heavy quarkonium production in hadronic
collisions is not fully understood

* Multiple and competing models describe

guarkonium formation

* Tensions are more pronounced when produced
with electroweak (EW) bosons

g

g
g

r- - - - - A
| Double-Parton | b
: Scattering (DPS) : 1 Y
: « ZandY(nS) : b
| from two | ~
| independent | 9
| parton pairs |
- _ | g



Signal Extraction . ”

PV
o o —_ CMS Preliminar 138 fb'1(13T V) CMS Preliminar 138 fb'1(13T V)
* Run2 (2016-2018) pp collisions (~138 fb 1) > sk R e 'e'_f > R AR ARSI R
(0] - — Total ] G 90f — Total ]
. % S 30F mzeig sl < sof V(29 sgnal
¢ SIgI‘ICII ChCII'I“EI . o f Z+Y(3S)signalg % 70E ..Z+Y(3S)signal_§
3 0 o E
* Z+Y(nS) = (Z = pp) + (Y(nS) = pp) i o Voigtian
e MC: DPS via PYTHIA8 SPS via HELAC-ONIA 402
30F
* Normalization channel 20
A 10E
10.5 11 70 80 90 100 110
o o . . My [GeV] M- [GeV]
e 2D extended unbinned maximum likelihood

fit of Z and Y(nS) masses * The fit yielded these signal rates:
« Z+Y(15):34.6+9.0 >530!
- Z+Y(25):2.9+6.7
. Z+Y(35):13.9£7.2

* Detailed list of selections in backup
Marco Buonsante - EPS-HEP - 09/07/2025 D 19




SPS/DPS Separation

* Simultaneous fit of the rapidity
) . CMspreimnay ST, CMSProimnany BETAERCY
(Ay) and azimuthal (A¢) 5 o Dt T 1ot o Dats ;
. =~ 20k :Total N &l) 145_ :Total _E
separations betweenthe Zand Y(1S)  § t| § D% ° Toes 4|
: L 1§ b ;
candidates | &'

10

* Resulting yields:
+ N3lyas) =1.7+87 : !

[6)]
I
]

o N M OO
T[T T T[T TOroT
—_——

- —

ND_fY'S(ls) — 32 9 + 8 7 0 1 2 3 4 ’5 6 0 0.5 1 16 2

Data: obtained via sPlot technique
SPS and DPS templates: derived from simulation

- T —
CcMS STER  Smen
Sl s BIREEE
BARI Nanss XX
X

AO(Z, Y(1S))
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Fiducial Cross Section Ratio and 6.¢ Calculation

Fiducial Cross Section Ratio
(48.51+0.09)%

SPS DPS
R B N7 Nas)  Nzivas) €zutu—utu—
Z+Y(18) = | [ 2SPS T cDPS N, 4+ _ o _
Z+Y(1S) Z+Y(1S) LZop T U

(50.13+0.04)%  (42.42+ 0.05)%
[21.1% 5.5 (stat) £ 0.6 (syst)] x1073

Effective double-parton scattering cross section (0¢f)

Y(1S) cross section is 274 £5 nb

taken fr.om data- B O'(Y(ls)) B(Z — ],l+;t_)B(Y(1S) — }l+}l_) AZ—|—Y(1S)
constrained theory Ooff = RDPS B(Z N ]fl+,u_ﬂ+]«l_) A

(1] [2][3] Z+Y(1S) Z

[20.2 * 7.5 (stat) + 0.6 (syst)] x1073

Oeff — 130t§g mb

Marco Buonsante - EPS-HEP - 09/07/2025

Efficiencies
computed from MC
simulations

Number of events in
the norm. channel

Efficiencies of
fiducial cuts

computed
from MC

21
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Differential 6.;f Measurements

CMS Preliminary 138 o' (13 TeV) CMS Preliminary 138 fb' (13 TeV)
* Same strategy allows to compute - A A A A A T - N A
— ~+- 0. measured per bin — -+ 0. measured per bin
. . A 2? eff - A 2? eff -
Oqff in bin of Y(1s) and Z pt L inclusive o, i Inclusive o,
e Consistent with result in double- 1
quarkonium measurements 4} J(
10 - 10 -
* This result could be an input for
constraining double-parton L L
o ] ) . 0 20 40 60 80 100 120 140 0 50 100 150 200
distribution functions in multiparton Y9 [GeV] P [GeV]

interactions

CMS /|




Summary

Total charm cross section at 7 TeV (BPH-22-007):

* Innovative inclusion of fragmentation non-universality effects;

* Excellent agreement with QCD predictions.

B meson production fractions at 13 TeV(BEPH-21-007):

* Two different sub- analysis using B parking data;

* All the PFRs agreed with theory and previous measurements.

Associated Z + Y(1S) production at 13 TeV (BPH-23-007):
* First evidence (>506) of Z + Y(1S) production at CMS.

* First measurement of Z + Y(1S) effective DPS cross section

Marco Buonsante - EPS-HEP - 09/07/2025 G 23
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Thanks for your attention!




CMS /|

Backup
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| D* reconstruction strategy - Selections [BPH-22-007)

Table 1: Summary of selection criteria for tracks and D* candidates

Object Variable Selection
Kaon (K) pr > 0.3 GeV

dy, from PV < 0.15 cm

d, from PV < 0.1/sinf cm

dE/dz (for p < 1.5 GeV) € [0.6/|p| + 2, 1.0/|p| + 3.5]
Pion () pr > 0.5 GeV

Slow pion (7])

DO

dzy, d. from PV
pT

dzy from PV

d, from PV
dzy,d, from DO vertex
pT

Vertex fit p-value
d.(PV-8V)
m(K)

pgac

AM

cos ¢

dlsig

Same as K

> 70 MeV

< 0.3 cm

< 0.2/sinf cm
< 2cm

> 0.9 GeV

> 0.01

< 2cm

€ [1.5, 2.3] GeV
> 0.1

< 0.165 GeV
> 0.8

see table below

Table 2: Additional selection depending on D* pr category

pr(D¥) m(Kn) [GeV] Additional cuts
[1.0, 3.5] GeV  [1.84, 1.89] disig > 1.5 & pa© > 0.15

or dlsig >3

or (disig > 2 & cos ¢ > 0.995)
> 3.5 GeV [1.85, 1.88] disig > 0 & pa© > 0.15

or dlsig > 2

Marco Buonsante - EPS-HEP - 09/07/2025
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D* phase space

* Actual phase space in transverse
momentum and rapidity for prompt-D~

production cross sections covered by

ALICE, LHCb, and CMS

1 TSI DIPARTIMENTO
CMS SFR g
INFN @)
BARI Nqur W\
)

(GeV)

D*+ pT

[BPH-22-007]

CMS 7 TeV j ALICE7TeV  LHCb 7 TeV

T T T T T171

T

T

T I[IIIIl

IIII|IIII|IIII|IIII|IIII

CMS
Preliminary

T T TT

IIIIIIII 1 | I I N I I

IIIIIIIII|IIII|IIII|IIII|IIII|\I\I‘I\I\'\III'IIII

0

05 115 2 25 3 35 4 45 5
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D** lyl
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Systematic uncertainties

[BPH-22-007]

Source uncertainty
Statistical 7-15%
Effective luminosity 4%
Branching fraction 1%
Tracking efficiency 8%
Pileup dependence 5%
Era and NMB dependence 3%
Wrong sign normalization 1%
Signal tail systematics 3%
Total all-bin systematics 11%
MC statistics 1-5%
Beauty fraction subtraction 1-3%
Total systematics 11-13%

Marco Buonsante - EPS-HEP - 09/07/2025
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Fragmentation non-universality

Charm breaks fragmentation universality!

f(c = h)

1 [ I I I
. ALICE, pp lyl <0.5

. = {s=13TeV

0.8 = {s=5.02 TeV

+ B factories, e'e”, Vs = 10.5 GeV
+LEP, e'e’, V's=m,
e HERA, ep, DIS

o
| T
fers

|
|
|
|
|
|
|
o HERA, ep, photoproduction :
|
|
|
|
|

I N T DR T R

O‘EIE >50
- ¢ o
02 im i E
. [+l Elmm
0 | | | | x20 | |

D° D' D A7 = E Jy p* 0+

-y
=c

JHEP 12 (2023) 086
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[BPH-22-007]
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Data-driven FONLL

FONLL (NLO+NLL QCD theory)

UNIVERSALITY ASSUPTION!

fragmentation fraction
from ete~/e p collisions

Ao = i (40N & DY, )

e ™
nonperturbative
fragmentation
function

Perturbative ccC

differential cross section
up to NLO+NLL

Fixed QCD parameters!
factorization and renormalization scales ¢, u,
Charm pole mass m,

Marco Buonsante - EPS-HEP - 09/07/2025

“Charm total cross sections with nonuniversal
fragmentation treatment”

A. Geiser, Y. Yang, S. Moch, O. Zenaiev
arXiv:2406.03581v1

Data-driven FONLL (ddFONLL)

NP fragmentation function with
Kartvelishvili parametrization
(introduce a5 parameter)

Uf, Uy, M are
free parameters

\A
ddFONLL _ ¢ FONLL NP
dch — ch (pT) ) (dgpp—>c ® Dc—)HC)
e
0% 7t 7w ||| E
08~ % + % +T.0s=5Tev -
075_ T [ T[] Ty 8213 Tev

pr dependent - hadron-
production fraction
directly obtained from
measurements at LHC



https://arxiv.org/abs/2406.03581v1
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| Data-driven FONLL

Ao (p,y) (ub)

(dd)FONLL/data

1.5

—
T ! LI |
11 1 | -

0.5F =

— 1 r r 1 r 1 ] T T T

T
|

|

- $ ALICE
3 ddFONLL (T unc.)

| Il[IIIIl

FONLL

| IIlIIll

Prompt D°+D° p—
lyl <0.5

T II||III| T I|II|II| ‘I

| IIIII[II |

|

P, (GeV)

0 1 2 3 4567 8 9 10

“Charm total cross sections with nonuniversal
fragmentation treatment”

A. Geiser, Y. Yang, S. Moch, O. Zenaiev

arXiv:2406.03581v1
3 103§ R L B U L L B S I R ]
S f }  ALICE §
> ddFONLL (func.) |
F10°E =
o = =
SN FONLL E
@) s ]
< o ]
1= | :
- Prompt AZ f
- lyl < 0.5 .
ol | | L |

S 1.5F ' B
g —
S e I
- B ]
Z C .
O 0.5 .
L - .
© 0' i L | | ]
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CMS

| Selections

Hadronic open-charm

[BPH-21-007]

Charmonium
Variable Selection
Bt BO B
General track selection
Leading (subleading) track pr > 0.85GeV > 0.85 (0.60) GeV > 0.85 (0.60) GeV
Track |7| <24
Az(track, PV) <lcm

Muon candidate selection

Variable Selection
B B B
General track selection
Track pr > 1GeV
Track |7| <24
Az(track, Pirig) < 0.5cm
Track IPg;, > |
D candidate selection
D candidate leading-track pr > 1.5GeV
TV fit probability > 0.01
Sxy,TV >0

D candidate mass window +20MeV +20MeV  +15MeV
IM(KTK™) — m(cp)| — — < 10MeV

B candidate selection

pr of the remaining B candidate track > 1.5GeV
Sxy,SV >4
cos &g > 0.999

35GeV: |y <11
Muon py pr > { 35+ 13=35(1y| —1.1)GeV: 11 < |y| < 1.5

1.5GeV: |g| > 1.5
Muon identification Soft ID [18]
|M(up) —m(J/) < 150MeV

B candidate selection
SV fit probability > 0.07
Sxy,SV >4
CoSs &g > 0.997
Intermediate resonance masses

IM(KTK™) —m(¢)] — > 10MeV < 10MeV
IM(K*7t™) — m(K*0)| - < 50MeV, > 50MeV,

closest permutation both permutations

Marco Buonsante - EPS-HEP - 09/07/2025
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| Systematic uncertainties

[BPH-21-007]

Hadronic open-charm Charmonium
o o % Source Tag Probe

i?ulr\;: fs /4(121 2( %) f /4]3 2(/) fa/fu(%) R RE() falfu () R (k) RS (%) falfu (%)
Liafle time ratio 0.40 0.40 B SFat. uncert. in simulation 0.7-6.7 0.8-9.3  0.7-72 1949 1748 1642

) ) Signal and bkg. shapes 0847 06-52 0542 1379 11-64 09-64
Branching fractions 5.36 4.03 5.46 Trigger SF 1926 19-27 1927 _ _ _
Tracking efficiency 2.1 - 2.1 Reweighting in prand |y| 0.0-53 0.0-43 00-65 00-37 00-38  0.0-49
BDT performance 1.18 223 224 Total syst. uncertainty <85 <98 <88 <100 <81 <77
BY nonresonant component subt. 0.9 0.9 —
Total global systematic uncertainty 7.4 6.3 6.3
Statistical uncertainty in simulation = 1.7-3.1 2237 2.1-3.6
Signal and background shapes 0.8-2.4 0.8-2.8 0.7-2.1
Reweighting in pr and |y| 0.0-1.4 0.0-1.6 0.1-1.1
Total systematic uncertainty <87 <78 <7.8
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Data and Event Selection BPH-23-007

Data MC Simulations

4 Run2 (2016-2018) p-p collisions (~138 £b™) DPS simulated using PYTHIAS
...... * SPS simulated with HELAC-ONIA 2.5.5

=l Double | Triple -muon triggers * Normalization channel simulations of Z — 4u

Signal Z + Y(nS)

rr-""-"-"""=--—-"= e |

4 isolated muons = build OS pairs for Z and Y(nS).
* Y(nS) muons:

Soft ID, pr >3 GeV, In| < 2.4
Invariant mass in [8.5, 11] GeV, ly| < 2.4, fit prob.> 5%

|
|
|
|
|
|
|
|
| *  Z muons:
|
|
|
|
|
|
|
|

Norm. Z-2>4pn

4 muons, with total charge = 0

* TightID, pr > 20,10, 5, 5 GeV

e All OS pairs must have m(up) > 1GeV
Tight ID, py > 30 and 15 GeV, [n| < 2.4 Choose 2 OS pairs maximizing mass difference
Invariant mass in [66, 116] GeV, fit prob.> 5%

All four muons must come from a common vertex (fit

between dimuon pairs
* OS pairs common vertex with fit prob. > 5%

I o o e e e e e — — e — — — — — — — — — — — — — — — — — — — — — — — — — — — —

CMS /|
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Systematic uncertainty

Source of systematic uncertainty | Value
Y (nS) signal model 1.75%

Y (nS) background model 0.27%

Z signal model (Z + Y(nS)) 1.05%

Z signal model (Z — 4u) 1.62%

Z background model (Z + Y(nS)) | 0.66%
Z background model (Z — 4u) | 0.22%
Finite MC sample size 0.23%
B(Y(1S) - u*u") 1.61%
B(Z—utu~) 0.20%
BZ—utuutu) 4.00%
0y(1s) from theory 1.93%

Total 5.46%

Systematic uncertainties affecting oq¢f

Marco Buonsante - EPS-HEP - 09/07/2025

Systematic
uncertainties

affecting Ry (1)

—

Total: 2.73%

BPH-23-007
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Differential 0,.7f Measurements

Y (1S —
prY(GeV]  Rziyqs) (x1079) ROS, 16 (x102) et [mb]
0-5 7.1 £ 3.5 (stat + syst) 7.0 £ 3.6 (stat + syst) 20.7”:%1(58 (stat + syst)
5-10 6.6+3.1 (stat +syst) 64 £33 (stat +syst) 11.57,%° (stat + syst)
10-150 7.2 £ 3.0 (stat + syst) 6.5 + 5.5 (stat + syst) 6. 7*36 2 (stat + syst)
p% [ Gev] RZ+Y(IS) (X 10_3) RDPy(ls) (X 10~ ) Ot [mb]
0-10 24.3 + 8.8 (stat + syst) 24.0 +=10.1 (stat + syst) 10.9f§:g (stat + syst)
10-20 205+ 9.8 (stat + syst)  19.7 +13.4 (stat + syst) 13.3"2%8 (stat + syst)
20-200 21.4 +11.1 (stat + syst) 19.4 4 16.8 (stat + syst) 13 5+876 (stat + syst)
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<O > [mb]

<O > [mb]

10?

10

CMS Preliminary 138 fb (13 TeV)
III|III|rllll!l‘lll[llll\lllll

BPH-23-007

- o, measured per bin |
Inclusive o

I BRI

10?
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III|III|\II|I]IJIIII
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TTT [T TT[T]T
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IREE R
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1 00 150 200
P [GeV]

36


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-23-007/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-23-007/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-23-007/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-23-007/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-23-007/index.html

