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Motivation

Although quantum chromodynamics (QCD) is well established as the theory of the strong
interaction, a complete understanding of the (nonperturbative) processes that lead to the
binding of quarks and gluons into hadrons is still lacking.

¢ The study of heavy quark production in high energy hadronic interactions plays a critical role
in testing next-to-leading order (NLO) Quantum Chromodynamics (QCD) calculations.

CMS. CMS-PAS-BPH-13-002,

¢ Therefore, precise measurements of the Bu cross sections at CMS will provide useful
information on the production mechanism of Bu mesons.


https://cds.cern.ch/record/2621286
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Monte Carlo generation

For efficiency studies and analysis selection we have used Samples generated by Pythia8 for
hadronization and to EvtGen for decaying the B states to follow the channels of interest.

The simulated events include multiple proton-proton interactions in the same or nearby beam
crossings (pileup), with the distribution matching that observed in data (2018), official MC
campaigns.

2 samples per channel, to account for the gen pre-filter:
A The first sample has no cuts
A The second sample has the gen filter cuts: |n(p)|<2.5, |n(K)|<2.5, pT(u)>3.8 GeV and
pT(K)>0.5 GeV.
[ The two samples are used for efficiency measurement.



Quality cuts

Final cuts: . - ly(B)| < 2.4
Inal cuts: Trigger details: 10 < p(B) < 100 GeV
B Prob(vtx) > 0.01 T
p+(K) > 1.2 GeV Prob(vtx) > 0.01
p.(B) > 10.0 GeV Lxy/o > 3.0
p.(M) >4.0 GeV, |n()| < 2.5 ut
2.9 < Mass(J/psi) < 3.3 GeV K+
- We used PV with best pointing angle. dxy/sigma_dxy >3 (for track)
- All tracks satisfy high quality requirements, besides
at least 1 pixel hits and at least 5 tracker hits.
- Each muon has to pass the soft identification
requirement. . AIY
B -
/
- When multiple B candidates are found in the same ,
event, only the one with the highest fit chi2 probability >~/

is kept.



Yield Extraction

The B* yields are extracted using unbinned maximum likelihood fits:

: double Gaussian with common mean.
Chebyshev polynomial

v ¥y

e B™: B*>J/yWK+X decays are modelled with an error function, while B*—J/yTr they are not modeled,
because their contribution is approximately 4%



Reconstruction of B* in Monte Carlo

CMS  PreliminaryMC ({s =13 TeV, 2018)
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Reconstruction of the mass of B*
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Efficiencies

Is the number of reconstructed B events after the full selection divide the number
of generated B decays in the fiducial region of the analysis specified by the B
kinematic window: 10 < pT(B) < 100 GeV and |y(B)| < 2.4

The first sample has no cuts (with gen-info only).
The second sample has the gen filter cuts: |n(p)|<2.5, |n(K)|<2.5, pT(u)>3.8 GeV and
pT(K)>0.5 GeV.

e The "pre-filter efficiency" measures the efficiency of the gen pre-filter.

e The "efficiency of reconstruction" measures the event selection efficiency
given the pre-filter selection.

e The “total efficiency” is the product of the two efficiencies above.
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Cross section

do(pp — B*X) Msig (P}

dp® - 2A-e(pB)BLAPE

B(BT — J/yKT) = (1.026 = 0.031) x 103
B(J/y — utu~) = (5.961 4 0.033) x 102




cross section pb
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Integrated cross

section B*

B18 C18
Era

D18

Cross
ERA section(ub) Error
B 12,01 0,023
C 12,05 0,024
D 11,99 0,014
Cross section(ub) Integrated(2018) |Error
12,005 0,023




Differential cross section
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pT Cross section(ub) 2018 |Error
10-13 1,77 0,0224
13-17 0,83 0,0072
17-24 0,28 0,0022
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30-40 0,031 0,00042
40-50 0,0099 0,00022
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Comparing the
cross section

Cross section(ub)

o) 1 0 =
=
s f #
8 B e Cross section vs P,
AL Data 13 TeV (2018).
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Pt(J/y K) [GeV]

pT 2018 Error
10-13 1,77 0,022
13-17 0,83 0,0072
17-24 0,28 0,0022
24-30 0,091 0,0010
30-40 0,031 0,00042
40-50 0,0099 0,00022
50-60 0,0036 0,00012
60-70 0,0016 0,000080
70-100 0,00053 0,000029
Cross section(ub)
pT 2015 Error
10-13 3 0,41
13-17 0,88 0,076
17-24 0,39 0,034
24-30 0,12 0,011
30-40 0,041 0,0039
40-50 0,013 0,0016
50-60 0,004 0,00048
60-70 0,0019 0,00028
70-100 0,00067 0,000010




Summary

(Hy Ry Ny

Reconstruction of the mass B+

Calculate the efficiencies

Calculate Cross section in ERAS

Calculate Cross section differential in bines Pt






cross section ub

12.3

122—

cross section Vs Era

12.1

|II|I|IIII
—_—

12

11.9

11.8

11.7

11. '
¢ A18 B18 C18 D18

Era




160 x10®  CMS Preliminary L=61.3fb" (/s =13 TeV, 2018) 10°  CMS Preliminary L=613fb" (/s =13TeV, 2018) «10°  CMS Preliminary L =613 10" ({5 =13 TeV, 2018) «10°  CMS Preliminary L =613 10" ({5 =13 TeV, 2018)
= F E 180F
o~ S o0 e . | e e
> 120 - o =0.02390 + 0.00022 GeV > E o =0.02652 + 0.00017 GeV > 35 ﬁ o =0.02647 + 0.00011 GeV iy o =0.02729 + 0.00016 GeV
§ £ M(B") = 5.27872 + 0.00003 GeV © 2501 M(B") = 5.27866 + 0.00002 GeV g 30 M(B") = 5.27860 + 0.00002 GeV E M(B") = 5.27860 + 0.00003 GeV
100~ E
0 00 £ 0 200 L0 25
~ 80F -~ F - -
g f £150E 2 20 £ 8o0-
60— E C
N 2 100 21 = 6o
w40 w R Wio W ob
A e ° ‘\j k‘ 20
- ;i e ; 2 . qers E ; - § . ) . . L \ " i T A L2 E i I . i . L L
5 51 52 53 54 55 56 57 58 59 5 51 52 53 54 55 56 57 58 59 5 51 52 53 54 55 56 57 58 59 5 51 52 53 54 55 56 57 58 59
M(J/y K) (GeV) My K) (GeV) M(J/y K) (GeV) M(J/y K) (GeV)
x10° CMS  Preliminary L=61.31fb"({s=13TeV, 2018) _ CMS  Preliminary L =61.3fb" ({s =13 TeV, 2018) CMS  Preliminary L =613 (f5 =13 TeV, 2018) CMS  Preliminary L=61.31b"(fs=13TeV, 2018)
r 45000 E
120 Ng: = 398002 + 688 E A Ng- = 147189 + 416 18000; Nq: = 60011+ 268 Ny = 27435 + 174
r bkg = 140981 + 466 40000 A bkg = 50879 + 277 16000 bkg = 21668 + 183 bkg = 10553 + 117
= 100~ 6 = 0.02797 + 0.00018 GeV 0005 = 0.02921:+ 0.00028 GeV %‘000; o = 0.02982 + 0.00046 GeV/ = 0.03060 + 0.00017 GeV
o [ M(B") = 5.27860 + 0.00003 GeV P E M(B") = 5.27858 + 0.00006 GeV £ M(B') = 5.27848 + 0.00009 GeV M(B") = 5.27828 + 0.00014 GeV
E 80l @ooo; ﬁzooo;
T r 250005 T0000-
60 BnE E =
e r Booo— 20001 g
2 40 000 ooo- E
wor w - E 40005 E
oo 10000 E F
L E 2000k Ee
C 5000 L L s L Sl It E
- ! - . - - - - ! - - - - L 5 51 52 53 54 55 56 57 58 59 3 ! - ! . - - 4 e
5 51 52 53 54 55 56 57 58 59 5 51 52 53 54 55 56 57 58 59 My K) (GeV) 5 51 52 53 54 55 56 57 58 59
WAL Ve WA LAV My K) (GeV) My K) (GeV)
CMS Preliminary L =61.3fo" ({5 =13 TeV, 2018)
7000F
E Ny = 24246 + 180
6000 bkg = 11019 + 138
> F & =0.03109 + 0.00068 GeV
%000; M(B") = 5.27835 + 0.00016 GeV
Zh000F-
= C
000
e =
(1P000-
1000,
E |
5

5.1 5.‘2 5;3 54 5.‘5 5?6 54‘7 558 5.L9
M(J/y K) (GeV)



300

o S O
o o o
(L L L L BB L B

Events / 15 MeV
{ o
o

x10° CMS  Preliminary L =14.11b" ({s = 13 TeV, 2018)
[ = Data

— Fitresult Ng: = 886325 + 1123

—— Signal

—— Comb backg 6 =0.02653 + 0.00015 GeV

s M(B") = 5.27858 + 0.00002 GeV
g “\z

;1=|=\‘~r=|~r—-r1 Py b a b

e e = !
5 51 52 53 54 55 56 57 58 65.
M(J/y K) (GeV)

x1 03 CMS Preliminary L=7.104fo™ (s = 13 TeV, 2018)
[ w® Data
140 [ — Fitresult NB' = 458215 + 798
- —— Signal 6
[ —— Comb backg o = 0.02587 + 0.00020 GeV
> 120¢ Iy K+ X .
F M(B") = 5.27865 + 0.00003 GeV
=100~
[To) C
=< C
i) C
OC.) 60—
> C
2 b ERAB
20|
;'I_I"'\“"I‘l“\“‘r’"r"r = ———— o, | d 'S

5 51 52 53 54 55 5?6 5.L7 58 5.
M(J/y K) (GeV)

140:_ » Data
[ — Fitresult Ng: = 448373 + 809
[ —— Signal
- 120 — —— Comb backg 6 = 0.02635 + 0.00023 GeV
© [ IvKex M(B") = 5.27865 + 0.00003 GeV
=100
1o} C
g C
§2) E
g 60—
2 o ERAC
20~
EEEE el O B O W
5 51 52 53 54 55 56 57 58 59
M(J/v K) (GeV)
x1 03 CMS  PreliminaryL = 33.452 fo™ (s = 13 TeV, 2018)
700 :_ % Data
= Fi_t result N = 2154595 + 1749
600—— Signal
> [ —— Comb backg o =0.02643 £+ 0.00010 GeV
v VX M(B") = 5.27863 + 0.00001 GeV
=
2 400
~ C
23001
2k ERAD
11 200
100.;
;ﬁ“-\“v-l“r*l

5 51 52 53 54 55 56 57 58 59
M(J/y K) (GeV)

B* fit by eras



CMS  PreliminaryMC

L=613fb"({s=13 TeV, 2018)

2400
22001N,. = 6896 + 84
2000[bka = 120+ 19
Eo = 0.02255 + 0.00084 GeV
%‘800 EM(B') = 5.28005 + 0.00025 Ge
516001~
4005
12005
£1000F-
2800
WeooE
4005
200
= L 1 L dd daal
5.1 515 52 525 5. 535 54 5.45
M(J/y K) (GeV)
CMS _ PreliminaryMC L=613fb" (/s =13 TeV, 2018)
2000
1800 Ns- =5715+78
Ebkg = 111+ 21
>1 600F6 = 0.02292 + 0.00104 GeV
g 400 :JVI(B') =5.27960 + 0.00027 Ge)
w3 200F-
~1000F
o F
c 800~
g
31 600E
4001
200?
= L PR R | RN L L
51 515 52 525 53 535 54 545
M(J/y K) (GeV)
CMS _ PreliminaryMC L=613f" (/5 =13 TeV, 2018)
905\15,=252¢17
80Fbkg=9+£5
= _ Fo=002756+0.00718 GeV
g 70EM(BY) = 5.27966 + 0.00140 Ge!
o 60F
T s0F
£ a0
£ s0-
Ll E
20F-
10
Ergolig P R S A
5.1 515 52 525 53 535 54 5.4!
My K) (GeV)

EMOOO}WB') = 5.27996 + 0.00016 Ge
w f
T3000—
®w
20000
>
(T

1000}~

E L I R B N |
51 515 52 525 583 535 54 545
My K) (GeV)
CMS  PreliminaryMC L=613f"(fs=13TeV, 2018)
700F
ENg = 2002 +45

500}59:2519
> Fo = 0.02355 + 0.00132 GeV
§ 500(m(B*) = 5.28001 + 0.00046 Ge
0 400
{2 300
= E
g F
i} 200;

100

Epvs o id Liiaplg oot L gl
5.1 15 52 525 53 535 54 5.4
My K) (GeV)

.45

CMS  PreliminaryMC L=613fb"({s=13TeV, 2018)

FNg: = 16157 + 130
Fbkg = 258 + 30
Fo = 0.02281+ 0.00054 GeV

CMS  PreliminaryMC

L=613 10" (/s = 13 TeV, 2018)

7000
[ENg- = 19969 + 144
6000FD! 363 £33
> E .02220 + 0.00046 GeV
§>000: (B') = 5.27968 + 0.00014 Ge!
“4000F-
Booo-
d>) £
LTP000
1000F-
E ! TiA LyAs plg Egy L !
51 515 52 525 53 535 54 545
M(J/y K) (GeV)
CMS  PreliminaryMC L=61.310" ({5 =13 TeV, 2018)
i\l . =819+29
250:b§g=1518
> o =0.02560 + 0.00267 GeV
% 200 ﬂll(B’) =5.27977 + 0.00079 Ge'
w
0
150~
o [
& 100
© 100[-
L C
501~
£ 1 yo.SHFI I B AR |
51 515 52 525 53 535 54

M/ K) (GeV)

L=6131"({s=13TeV, 2018)

CMS  PreliminaryMC

ENg = 8339 + 92

2500{-bkg = 139 + 19

o =0.02288 + 0.00059 GeV

> .
%000 FM(B") = 5.27987 + 0.00022 Ge

o I
1500
e
= C
91000~
w C
500~
E L 1 L L il
51 615 52 525 53 535 54 545
M(Jy K) (GeV)
CMS  PreliminaryMC L=6131"({s=13TeV, 2018)
120 Ng: =369 + 20
[bkg=4+6
> 100;6:002456‘:000286 GeV
g :M(B’) =5.27848 + 0.00106 Ge]
R
~ E
£ 60
o »
g L
o 40
20
:\\\\\A I IR R VI |
5.1 5 52 525 53 535 54 545
M(J/y K) (GeV)



