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< Physics motivation

« Heavy quark energy loss, coalescence/hadronization

« Heavy, predominantly produced in early hard scatterings,

carry information about QGP evolution history

« Heavy quarks lose energy in QGP medium by collisional

and radiative interactions
« Beauty: heavier and cleaner than Charm

 B,/B: strangeness enhancement, coalescence
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CMS

CMS detector

CMS DETECTOR STEEL RETURN YOKE precise all-silicon trackers:
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS reconstruct heavy flavor

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

Overall diameter :15.0 m Pixel (100x150 pm) ~16m* ~66M channels . .
Overall length ~ :28.7m Microstrips (80x180 um) ~200m* ~9.6M channels | USINQG their decay length
Magnetic field :3.8T

all fast detector

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

calorimeters: high p; trigger /

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels
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CMS -
B measurement via decay D

: < td)pp -edata
B-»>D° and prompt-D° separation £ - Dpromp’g D°
« B=»DO0 non-zero DCA (Distance of Closest Approach) due to B decay g
« Prompt-D°: DCA only from track and vertex resolution -
B = DO K
 ct~500um T
« BR~59% | DODKTr 0 002 0.04 0.06
N « BR=3.9% D° DCA (cm)
‘ , Non-prompt D
b ‘ « ct=123um 6<p <7 GeVic lyl<A1
. / ’;0 b) PbPb - data
, rompt D°
Q assume KTmand K~ = 6 Dg &
. < 10° 0B —
o B SH:
fight distance S ‘2 -
=l
1. Track pair fit to a common vertex = D candidates = 104;_
2. Signal extraction in DCA interval = DCA distribution 0 0.2 0.04 0.06

D° DCA(cm)

3. Template fit (from simulation) on DCA to extract non-prompt D _
CMS, arXiv:1810.11102

Foy
@’sg Fugiang Wang SQM 2019, Bari, Italy, June 10-15 5

@



CMS

B measurement via decay J/y

PbPb 368 pb™ (5.02 TeV)
R RARaza s RRAaaREa

. 1400i < < ]
B=»J/y and prompt-J/y separation e cms
50‘1200; Cent. 0-100% E
2 1000}, para g
g - — Total fit 2\
g_ 800[ ... ?;Trg:n.,guhadrons A\ n
8 Background i \
B = Jy H
L
* ct~500um u
® BR~1% 0’....|..‘w‘H.|...‘|....m..l.m\....l....’
N ( 26 27 28 29 3 3.1 3.2 3.3 34 3.5
. i m,. (GeV/c?)

b/' | 10°F
N\ ( r

10°

€ 10*
prompt J/w: non-prompt J/w: 5_103
direct production from B decays (ex B ~
+ feed down (ex ') | = J/iy X) g

10

1. Muon pair fit to a common vertex = J/p candidates
2. 2D Fit on invariant mass and decay length spectra

3. Extracted yields corrected by a data-driven approach (tag & probe)
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PbPb 368 pb™ (5.02 TeV)
e B o ARRRRRE"

1.8 <ly'"1<2.4 CMS 1

- 4.5 < p_l:u <5.5 GeV/c =
F Cent. 0-100%

I + Data b

E — Total fit E

E — Prompt J/y E

.« Jhy from b hadrons

E Background E

CMS, EPJC 78 (2018) 509



CMS .
Full reconstruction of B

28.0 pb™' (pp 5.02 TeV)
S 600- CMS pp10<p, <15GeVic

Signal channel: B* = J/+K* o~

\ < 500~ BB o Data " <24
\\ = — Fit
400 Signal
= gna
B* = J/y + K* g , \‘ S ---- Combinatorial
e ¢t~500um Seion ar/y, | <300 ] bEIB —>GJ/\|1X.
vertex £ ouble Gaussian
. - 0 ’ / S 200 .
BR~0.06% R S 2 with same mean
‘ 100
R A A B S . 1 e | |
Primary Peaking BG: error\ G 52 56 58 6
vertex function + two sided mg (GeV/c?)
N : Gaussian 351 b (PbPb 5.02 TeV)
B decay 50C cMmS 10 < p_< 15 GeV/c
L DT
' + pB- DO - B'+B~ ly| <2.4
b quark = B*, B, B CMS, PRL 119 (2017) 152301 40~ "p,pp, - Data
f — Fit
30:_ Signal

---. Combinatorial
B-oJyX

* Muon pair + track (kaon mass) = common vertex fitting

Events / (20 MeV/c?)

« fit on invariant mass spectra (maximum likelihood)

« Peaking background: B* — J/y + K™, B® — J/y + K0, .etc

. 3 | . ] |
G55 54 56 58 6
mg (GeV/c?)
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CMS

Signal channel: B, = J/W+¢ Lo~
_ SOV _
// \ o/ \\ o
e R >
B, = Jy + ¢ . X \ =
Secondary, ” - N \ S
e ¢t~500um t pid 9 | >
« BR~0.03% YE€™X . L g
4 - L
’ - d
e ' --"
Primary "B PP .
vertex -
N /7 .
- == CMS, arXiv:1810.03022
B decay
b quark = Bs

* Muon pair + track (kaon mass) = common vertex fitting

« fit on invariant mass spectra (maximum likelihood)

Events / (20 MeV/c?)

« Narrow natural width of ® meson = no peaking

background components
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80§—CMS PP -e- Data
15 < p, < 50 GeV/c Signal
6O Iyl <24 ---- Background
50 ¥2NDOF: 44/45 = 0.97
- Yield = 79+10
40F
30F .
20; Double Gaussian
. with same mean
10
e a.y ¥
9 54

12

!
S 5.2

Full reconstruction of Bs

28.0 pb™' (pp 5.02 TeV)

56 5.8

2
My o) (GEV/CT)

351 ub™ (PbPb 5.02 TeV)

“CMS PhPh
B

=S

- 15 <p <50 GeVic
Clyl<24

— Cent. 0-100%

-o- Data
— Fit
Signal
---- Background

¥2/nDOF: 43/45 = 0.95
Yield = 1143




CMS

R, Of beauty from decay D° & J/y

Pbe 368 |.1b pp 28.0 pb™ (5.02 TeV)

<1 < [T [RRRRN RRRRS RARRS

CMS DO from b hadrons |y|<1 n:ﬁé 1 4—J/W LA e
1.6[ ]

- ' CUJET TAMU [ ly| <24

1.4 EPOS2+MC@sHQ  —-PHSD 1.21" Cent. 0-100% g
12F 1 [l
... Global uncertainty F O \[5y, =5.02TeV ;

> TR 08F o \[su=276Tev p
0.8 + ”>> - o6k "E“ E
_HJ/ © Mgy
- ‘?%ih//// ‘ 0.4+ —
04— C .
0‘2} 02:— —:
0: 1 L 1 Il | 1 I I 1 MR | O- |||||||| Lovaabinna i lins Lovoa s laivaa by
2 3 45678106\/?0 30 40 100 051015 20 25 30 35 40 45 50

P, (GeVie) p_ (GeVic)
CMS, arXiv:1810.11102 CMS, EPJC 78 (2018) 509 (5.02 TeV)

CMS, EPJC 77 (2017) 252 (2.76 TeV)

Gossiaux et al NPA931 (2014) 581 . High p+: need collisional + rad. energy loss (e.g., CUJET),
only collisional energy loss ( ) not seem to work.
- Low p+: hint of stronger suppression than models:
baryon enhancement? BR (b baryon=>D°) << (B=>D0)
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Fully reconstructed B* result

28.0 pb™! (pp 5.02 TeV) + 351 ub™' (PbPb 5.02 TeV)

III|III|IIIL\.!IIIII

. CMS Supplementary TANL.

__ . R RIIEIIE DJOFdJeVIC

. AA CUJET3.0

Bl Correlated syst. uncert. AdS/CFT HH D(p)

L Uncorrelated syst. uncert. AdS/CFT HH D=const
B Global uncert. SUBATECH

s
%’:‘g Fugiang Wang

CMS, PRL 119 (2017) 152301

He et al. PLB735(2014)445
Djordjevic, PRC94(2016)044908

Horowitz, PRD91(2015)085019

- Suppression of B* meson
- B* meson Raa~ 0.3 to 0.6 with no

obvious trend within uncertainty

- Compatible with theory within

uncertainty for pr 10-50 GeV/c

- Necessity for high pr measurement :

0 1 a1 ¢ . L .|Y||<[2'.4| distinguishing pQCD vs AdS/CFT
10 102 base models
o (GeV/c)
SQM 2019, Bari, Italy, June 10-15 10



. Raa z00: B vs. D vs. light

B->D: CMS, arXiv:1810.11102
B->J/y: CMS, EPJC 78 (2018) 509
B*: CMS, PRL 119 (2017) 152301
DO: CMS, PLB 782 (2018) 474

27.4 pb™ (5.02 TeV pp) + 530 pub™' (5.02 TeV PbPb) Charged hadrons: CMS, JHEP 04 (2017) 039
16F- CMS « D’ from b hadrons ly|<1
i i ¢ Bly|<2.4
4 = Prompt D" Jy|<1 Jly from b hadrons:| . compatible results: non-prompt D, non-
12 Charged hadrons [n|<1 & 1.8<|y|<2.4 .
- Global uncertainty + <24 prompt J/iy and B
< T
< -
rosE :+:—{>— #:—4*— - Beauty seems to separate from charm and
08E e 4 = light flavor up to ~ 20 GeV
04— - T k deri
: s —*— - guark mass ordering
0.2 - parent B p; # daughter D° or J/y p;
VT3 4567870 20 3040 100
P, (GeVic) Beauty, charm and light merging ~ 20 GeV
,;«%‘;ja e . | _
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28 pb’ (pp) + 351 ub™ (PbPb) 5.02 TeV

Fully reconstructed Bsresult

2.5

0
+ B CMS, arXiv:1810.03022

TAMU He et al. PLB735 (2014)445
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" CMS
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28 pb™" (pp) + 351 ub™' (PbPb) 5.02 TeV

~CMS X g
; ¢ Rij\ / RE\A
“lyl<2.4
E TAMU
ﬁ - CUJET3.0
r Bl
gl Lo oo b bl \(::uer\T'\:-uou_u‘l |0\0w°/|°| I
0 10 20 30 40 50 60

P, (GeV/c)

- Large stat. and syst. uncertainties. Correlated syst. cancel in Bs/ B* Raa ratio.

- Hint of less Bs suppression

- 2018 HI data and beyond = more precise measurement
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CMS

* CMS beauty measurements: results are consistent

* Suppression for B*, non-prompt J/y, and non-
prompt D

* Beauty hadrons appear less suppressed than
charm and light flavor up to ~20 GeV

* First Bs measurement in heavy ion collision

* HL-LHC data with more precise measurements
* ~4x increase in luminosity in year 2018
* ~20x MB data statistics in year 2018
* Pixel detector upgrade: 3 = 4 layers
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Summary and Outlook

27.4 pb™ (5.02 TeV pp) + 530 ub™ (5.02 TeV PbPb)
16E CMS « D’ from b hadrons |y|<1

g ¢ B'ly|<2.4

145 » Prompt D" |y|<1 Jhy from b hadrons:
12F © Charged hadrons jnj<1 & 1.8<|y|<2.4

- Global uncertainty + ly[<24

0.8;: :+: e y ——
o +i%jfﬁ:ﬁ* _;F

0.2
e 20 040 i
P, (GeVlc)
28 pb™” (pp) + 351 ub™" (PbPb) 5.02 TeV
5
" CMS v BY
:\\\|y|<24 . B+
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1.5F \—¢—
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