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Some insights in b-mesons nuclear modification tactor and
multiplicity studies.
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The schematic Phase diagram of QCD 1N The nuclear modification factor is a quantity
terms of T, showing the QGP state. [1] that measures the production suppression

due to in-medium collective effects. [2]
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Study of B meson production in pPb collisions at 5.02 TeV

[3] CMS HIN-14-004
Phys. Rev. Lett. 116 (2016) 032301

using exclusive hadronic decays
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Study of B meson production in pPb collisions at 5.02 TeV

using exclusive hadronic decays
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e The nuclear modification factors of the three B mesons do not show evidence for
modification of pPb data compared to the FONLL reference
e These results provide a baseline for the study of in-medium b quark energy loss in

PbPb collisions.
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Nuclear moditication factor in pPb collisions tor B+

mesons as function of y and as a function of pT

E B 1 | 1 1 I | | | I | | ] 1 |

- Ph -4 Data
18 LHEb P r71EPPS16 E
lf! :_ Illl";]"'-i- = 3 16 TE"h"r IICTEQ 15 _:
- 25<y<35 EPPS16* -
L4 F - Nonprompt J/y
12 F -
Q:H : / = s s L r..- ‘é Er?- L u:r i
08 B ogrly = 2047 Z
n I d Jf .-'" ,r"f/ _ -
0.6 | =
0.4 F 3
02 F -
[} - 1 | 1 I 1 I 1 1 | 1 L

)] 3 10) 15 20
P |GeV/c]
SILAFAE2024

1.8

1.6

1.4
1.2
(.3
.6
0.4
(.2

B ] | ] I I ] I ]
X Ph +D1ta .
- LHCb P rJEPPSI6 -
E Sy =8.16 TeV nCTEQI5 E
- 35<v<-25 EPPS16% .
2 —Q—Hnnpmmpt Sy _:
| - T
: T T af= shmmmpem E;-_:-; ------- h ------------ —:
- I -
“ 1 I | I I | L 1 | 1 L 1 T
0 5 10 15 20
P |GeV/c]

[4] LHCDb Collaboration
Phys. Rev. D 99, (2019) 052011

Search for nuclear modifications of B* meson production in pPb

Camilo J. Torres 4.



Nuclear moditication factor in pPb collisions tor B+ 4] LHC Collsboration
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e Forward-to-backward nuclear modification factors indicate a signiﬁcant nuclear
suppression at positive rapidity.
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Multiplicity dependence of charm baryon and

[5] CMS-PAS-HIN-21-016

meson production in pPb collisions at 8.16 TeV
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Multiplicity dependence of charm baryon and

[5] CMS-PAS-HIN-21-016

meson production in pPb collisions at 8.16 TeV
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e Evidence of charm hadronization mechanism possibly in presence of a dense medium

produced in high-multiplicity pPb collisions.
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e Evidence of charm hadronization mechanism possibly in presence of a dense medium
produced in high-multiplicity pPb collisions.

e Reported results may indicate ditterent event multiplicity evolution of hadronization
mechanism for charm quarks than light flavor strange quarks
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CMS-HIN-22-001

l6] CMS-HIN-22-001
[ 7] arXiv:2407.05402

Searclj{ for nuclear modifications
of B meson production in pPb

collisions at /sy = 8.16 TeV

SILAFAE2024 Search for nuclear modifications of B* meson production in pPb Camilo J. Torres 6.


https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-22-001/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-22-001/
https://arxiv.org/abs/2407.05402

CMS-HIN-22-001

l6] CMS-HIN-22-001
7] arXiv:2407.05402

Searc}j{ for nuclear modifications
of B meson production in pPb

collisions at \/syy = 8.16 TeV

SILAFAE2024 Search for nuclear modifications of B* meson production in pPb Camilo J. Torres 6.


https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-22-001/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-22-001/
https://arxiv.org/abs/2407.05402

CMS-HIN-22-001

M
7] arXiv:2407.05402 f—_
Pb s

¢

[6] CMS-HIN-22-001 X .KM"

Jy
o
, .

. 1
° ° ' N\
Search for nuclear modifications | N\

\\\\( /

of B™ meson production in pPb S

collisions at /sy = 8.16 TeV /N .
@ "

\"‘ll-

Recent observations of QGP-like phenomena in small collision systems, such as pp and

pPb collisions, challenge our understanding ot high-energy heavy ion physics.

SILAFAE2024 Search for nuclear modifications of B* meson production in pPb Camilo J. Torres 6.


https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-22-001/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-22-001/
https://arxiv.org/abs/2407.05402

Data sets and selection details
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Data sets and selection details CMS-HIN-22-001

BT - J/Yp K™
J/p = p

J / 1) selection details:
e Prob (vtx) > 0.01 (1%)

e 2.9 < Mass (J/9) < 3.3 GeV

* pr () >2.0GeV; |n(u)| <24
e Soft Muon ID
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Dimuon trigger

Trigger

Open Double Moun Trigger
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Dimuon trigger

Trigger

Open Double Moun Trigger

Trigger details:

max 7| < 2.4
min pt = 0.0
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Dimuon trigger CMS-HIN-22-001

Trigger
Open Double Moun Trigger

Trigger details:

max 7| < 2.4
min pt = 0.0

This trigger requires two muon candidates found in the muon detectors
at level-1 (L1) trigger with loosest possible selections to maximize the
detection efticiency. During 2016 pPb run, this trigger was operated
without any pre-scale.
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Dimuon trigger CMS-HIN-22-001

Trigger
Open Double Moun Trigger

Trigger details: year part of therun L (nb_l)
|max 77| < 9.4 2016 for pPb 62.05
2016 for Pbp 111.92

min pt = 0.0 -
Total Luminosity 174.57
This trigger requires two muon candidates found in the muon detectors
at level-1 (L1) trigger with loosest possible selections to maximize the
detection efticiency. During 2016 pPb run, this trigger was operated
without any pre-scale.
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Charged-particle multiplicity CMS-HIN-22-001

e Number of charged particles produced in a collision.

Multiplicity class Fraction (%)  (Ng,)

2 < Ny < 250 100.0 102 £ 2
2 < N4 <60 19.5 43 + 1
60 < N, < 85 21.1 /3 2
80 < N4 < 110 20.4 97 =2
110 < N, < 250 39.1 149 -4
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Charged-particle multiplicity CMS-HIN-22-001

e Number of charged particles produced in a collision.

Charged particles with:
Multiplicity class Fraction (%)  (Ng,) yl <24: pr>04GeV
2 < Ny < 250 100.0 102 £ 2
2 < N4 <60 19.5 43 + 1
60 < N, < 85 21.1 /3 2
80 < N4 < 110 20.4 97 =2
110 < N, < 250 39.1 149 =4
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Charged-particle multiplicity CMS-HIN-22-001

e Number of charged particles produced in a collision.

- | Charged particles with:
Multiplicity class Fraction (%)  (Ng,) Yl < 2.4; pp>0.4GeV
2 < Ny < 250 100.0 102 =2

Track reconstruction implies
2 < N <60 19.5 431 |, detecror effect. Tracking
60 < N, < 85 211 73 + 2 etficiency correction is
85 < N, < 110 20.4 97 49 |needed: i
110 < N, < 250 391 14944 | e (n,pr) = 1AJ~F
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Charged-particle multiplicity CMS-HIN-22-001

e Number of charged particles produced in a collision.

- | Charged particles with:
Multiplicity class Fraction (%)  (Ng,) yl < 2.4; pr>0.4GeV
2 < Ny < 250 100.0 102 £ 2

Track reconstruction implies
2 < Ng, <60 19.5 43 =1 a detector eftect. Tracking
60 < N, < 85 211 73 + 2 etficiency correction is
85 < N, < 110 20.4 97 49 |needed: .
E
110 < N, < 250 39.1 149 + 4 etr1<(77/ PT) — -

First B* meson studies at ditterent charged particle multiplicities in pPb collisions.
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Invariant mass distribution

CMS-HIN-22-001

CMS pPb 175 nb' (8.16 TeV) CMS pPb 175 nb' (8.16 TeV)
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e B*yields are obtained by unbinned maximum likelihood.
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Invariant mass distribution CMS-HIN-22-001
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e B*yields are obtained by unbinned maximum likelihood.
o Signal modeled by: double-gaussian; backgroud by: error function and exponential.

SILAFAE2024 Search for nuclear modifications of B* meson production in pPb Camilo J. Torres

10.


https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-22-001/

Invariant mass distribution CMS-HIN-22-001

CMS pPb 175 nb' (8.16 TeV) CMS pPb 175 nb' (8.16 TeV)
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e B*yields are obtained by unbinned maximum likelihood.
o Signal modeled by: double-gaussian; backgroud by: error function and exponential.
e Results are obtained for 6 pt bins and 4 multiplicity classes.
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Difterential cross section CMS-HIN-22-001

do - 1 1 N(PT)
dpr 2Apy eBL
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Difterential cross section
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do 1 1 N(pr)
dpr 2Apy eBL

e N(pr)is the measured yield.
* B product world-average
branching fractions.

® € ist

he total e

o[ ist
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ﬁciency.

ne integrated luminosity.
o APT transverse momentum

bin width.
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Difterential cross section CMS-HIN-22-001
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Q) 102 Global Unc. 4.7%
= : — 2= Nop <250 e N(pr)is the measured yield.
Q" ol — * B product world-average
U E— ° °
B F branching fractions.
L i = o € is the total efficiency.
- o L is the integrated luminosity.
10—1 i | | ] | I | | ] | I | | | | I | | | | I | | | | I | | . ApT transverse momentum
0 10 20 30 40 20 b Clth
pT(B+) (GeV) 1N wi -
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o CMS poPb 175 nb'(8.16 TeV) d 11 N
Y (P1)
- —— Stat. Unc. — pT
3 . —] Syst. Unc.
e = — Scaled FONLL de 2 APT € Bﬁ
= s op 8.16 TeV, (B*)[<1.8
ol Global Unc. 4.7%
Q 102L . .
Q F —_— 2% Nep < 250 e N(pr)is the measured yield.
;g'_ oL e * B product world-average
B branching fractions.
L i = o € is the total efficiency.
o L is the integrated luminosity.
10—1 i | | ] | l | | ] | l | | | | l | | | ] | | | | | I | | . ApT transverse mOmentum
0 10 20 30 40 50 L wideh
+ width.
p_(B’) (GeV)

The theoretical predictions of FONLL are in good agreement with the measurements
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B* cross section in multiplicity classes CMS-HIN-22-001

o CMS pPb 175 nb" (8.16 TeV)

+2<N,, <60
= 1032_:2:-’— 3 60< N, <85 (x2)

S guiii l : : .
cllinn i ??OS <N;<? ) 1;20()(( 4)8) e Cross section in pr bins and
O - <N, < X < ) 1.
S 10?r —— o charged-particle multiplicity
:% - — classes.

& 10 — : e Total uncertainties are shown.
o - :
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= 1=
= !
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B* cross section in multiplicity classes

o CMS pPb 175 nb" (8.16 TeV)

+2<N,, <60
= 103:_:3:-’— +60<N, <85 (x2)

S guiii : : ..
o S 485N <110 (x 4) e Cross section in pr bins and
O - —+-110< N, < 250 (x 8) 4 . Lo e
g 102y —— ‘ charged-particle multiplicity
~ = — '

3 I D classes.
— 10 — . e Total uncertainties are shown.
% = $
i * *  For the first cime in pPb collisions. -
2 ;
Uy
B $
: }
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Study of in-medium nuclear eftects CMS-HIN-22-001

e Bad understanding in pPb medium effects to generete
Glouver MC and no pp reference data available.
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Study of in-medium nuclear eftects CMS-HIN-22-001

e Bad understanding in pPb medium effects to generete R.pi, = 1 (da/ dp T)‘pr
Glouver MC and no pp reference data available. P (Neon) (do/dpt)|pp
e Definition of a new observable to measure of in-medium
nuclear effects
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1 (do/dpT)|ppP

e Bad understanding in pPb medium effects to generete R _
: pPb
Glouver MC and no pp reference data available. (Neon) (do/dpt)|pp
e Definition of a new observable to measure of in-medium
nuclear effects <N C011> ‘1OW (dO' / de) |high
Rur, =

(Neoll) |nigh (do/dpt)|iow
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1 (do/dpT)|ppP

e Bad understanding in pPb medium effects to generete R _
: pPb
Glouver MC and no pp reference data available. (Neon) (do/dpt)|pp
e Definition of a new observable to measure of in-medium
nuclear effects <N C011> ‘1OW (dO' / de) |high
Rur, =

(Neoll) |nigh! (do/dpT)|iow
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Study of in-medium nuclear eftects

e Bad understanding in pPb medium effects to generete
Glouver MC and no pp reference data available.
o Definition of a new observable to measure of in-medium

nuclear effects

e Diferential cross section of Z boson in the same events.

CMS pPb 175 nb’' (8.16 TeV)
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Study of in-medium nuclear eftects

CMS-HIN-22-001

(do/dpt)|pPb

(Neon) (do/dpr) |pp

(Neont) [ow | (do/dpT)|nign

e Bad understanding in pPb medium effects to generete  p _ L
: pPb
Glouver MC and no pp reference data available.
e Definition of a new observable to measure of in-medium
nuclear effects
o Diferential cross section of Z boson in the same events. Rpuy, =

(Neoll) |nigh! (do/dpT)|iow

CMS pPb 175 nb' (8.16 TeV)
BE ] 2<N_ <60
—~ B I 60<N, <85
o +:;:' ' i 85<N,, <110 N
O —— B
CREN = S i 110< N, < 250 7 RHL
= = figp, =1 —  RpL =
= RZ
%*- ; HL
° :
= BT Z
¥ B (do® /dp1) |high / (do®/dpT) |high
HL —
107501550 25 30 35 40 45 50 d_o'B+ d doZ/d
p.(2) (GeV) ( / pT) ‘IOW ( / pT) |10W
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Study of in-medium nuclear eftects CMS-HIN-22-001

3cwls pPb 175 nb' (8.16 TeV)
i +Stat Unc.
2'5:_ Syst. Unc.
- N_[110 250) / N_[2,60)
21—
T - .
D: 1.5_— +
- ++ ____________ |
0.5
0: ] | | | | | | I | | | | 1 1 1 1 1 1 1 | | | I | |
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p,(B") (GeV)

The Ry, for BT in pr bins for the highest

and lowest multiplicity classes
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Study of in-medium nuclear eftects CMS-HIN-22-001

3CMS pPb 175 nb'(8.16 TeV) 1 5CMS pPb 175 nb’' (8.16 TeV)
- +Stat Unc. 1-42— + Stat. Unc.
250 Syst. Unc. 1.3F Syst. Unc.
. N,,[110.250) / N,,[2,60) 3 3<p_(B’ < 50 (GeV)
2__ ) E
- 1.4
Q:I 1.5 + Q:I 1;—-- ------- + ------------------- +
- T + 0.9F
[ e I R - 0.8F-
0.5 0.7
- 0.6F-
[ ] ] ] | | ] | ] ] I | | | | l | | | | l | 1 | l I | ] - I | | ] l | | | | | | | | | | | | ]
% 10 20 30 40 50 0575 2 25 3 3.5
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The Ry, for BT in pr bins for the highest The Ryz, for BT in the full py range and
and lowest multiplicity classes as a function of the multiplicity density
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Conclusions

o . . 5 5
e B* difterential cross section measurement is in

oood agreement with the theoretical predictions.
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e B* differential cross section measurement is in e Seu e
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Conclusions

~

erential cross section measurement is in

e B* di
oood agreement with the theoretical predictions.

e First measurement of B* differential cross section in
multiplicity classes in pPb collisions.

e The novel approach relying on the Z boson
measurements to extract the scaling factors

provides future opportunities for medium eftect
searches, particularly in small collision systems.
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3cwls pPb 175 nb' (8.16 TeV)
e B+ differential cross section measurement is in 25 +Stat U,
. ~ . . . E N,[110,250) / N[2,60)
oood agreement with the theoretical predictions. 2
e First measurement of B* differential cross section in < 19 S
multiplicity classes in pPb collisions. (R I R —
. 0.5
e The novel approach relying on the Z boson | T
. 0 10 20 30 40 50
measurements to extract the scaling factors p_(B") (GeV)
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searches, particularly in small collision systems. p Ssyet Une
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LCMS oPb 175 nb" (8.16 TeV)
e B+ differential cross section measurement is in 5 + it e
oood agreement with the theoretical predictions. 2 TR RS
e First measurement of B* differential cross section in £ 1o niNEEE
multiplicity classes in pPb collisions. [Rn e e S— —
e The novel approach relying on the Z boson Oz
measurements to extract the scaling factors e N
provides future opportunities for medium effect cms oPb 175 1" (6.16 Te
searches, particularly in small collision systems. o 1Syet. Une.
e The observed ratios are consistent with unity 122 3 (57 <50 (50
within uncertainties. < F il ] i
» Constraints on possible presence of medium effects 0%
in the B* meson production. o5
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Monte Carlo and Efticiency CMS-HIN-22-001

Total Efticiency
Monte Carlo
e MC samples generated with PYTHIA, _
EVTGEN, PHOTOS, EPOS and e = A X CR
GEANT 4.

Acceptance A
Number of events passing the so called
pre-filtercuts is divided by the number of
events generated.

e Correction with Tag and Probe scale

~

factors derived from efficiency ratio
between the data and the MC in
J/y analysis for each muon (RECO,).

o Slightly discrepancies between data and

MC in kinematic  distributions.

Corrected with reweighting (RECO) Number of reconstructed events after the
tull selection divided with respect to the

number of generated b decays.

Reconstruction Efticiency €R
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Summary table ot ditterential cross sections ot B* in pPb

pt (GeV) do/dpy Stat. Unc. Syst. Unc.
3-7 1423 157 /3
/-10 647 39 22
10-15 202 / 10
15-20 51.4 2.0 2.6
20-30 11.3 0.5 1.0
30-50 1.35 0.09 0.20
SILAFAE2024 Search for nuclear modifications of B* meson production in pPb ~ Camilo J. Torres
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