Beauty Production with ALICE
at the LHC

Mengke Cali

Central China Normal University, University and INFN - Padova
For the ALICE Collaboration

Hard Probes 2020
Online, 1-5 June 2020

" ST
APE ey
) |k ,ﬂ\ e
. W Tl | ol
INFNE. s
Sl e

PADOVA G0




MOTIVATION

ALICE

® Heavy flavours (charm and beauty) are produced in hard scattering processes in the initial stages of the collision because

of their large masses
» Production calculatlon IS p053|ble via pQCD

® Neither created nor destroyed in the medium - identity is preserved thus tagged up to hadronization

® Undergo elastic (collisional) and inelastic (radiational) collisions = transport properties of QGP

&
N

® Beauty quarks lose less energy in QGP than light quarks and charm quarks t\ <Kpee P T f ”
» Color charge effect: AE,,ns > AE 40 dUE to stronger coupling ) \ T :: T }
.'§

» Mass dependency: AE . > AE, 4 s > AE, > AE,
® Collectivity in QGP - azimuthal anisotropy via flow measurements

® p collisions : test pQCD calculation at LHC energies e

Pre-Equilibrium
Phase (< 1)

® -Pb collisions : constrain initial state and cold nuclear matter effects W"“°”‘°GF’ 4\\ siaee
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BEAUTY MEASUREMENTS WITH ALICE

ALICE
Central barrel coverage: |p| < 0.9 Beauty measurements in this talk
Muon spectrometer coverage: -4 <py <-2.5 « Non-prompt D (hadronic channel)

* Non-prompt Jwy 2> e* e
Inner Tracking System Time Projection Chamber * B-decay electrons (b > ¢)
* Primary vertex reconstruction « Tracking » b-tagged jets )
« Tracking ’
« PID Electromagnetic Calorimeter
« Trigger
- PID
VO 2015 Pb-Pb 5.02 TeV \
 Trigger Low ~ 13 ubt
2018 Pb-Pb 5.02 TeV
Time-of-Flight , ,nt (0-10%) ~ 130 ubt
« PID . - Z... (30-50%) ~ 56 ub!
pp 13 TeV Qnt ~ 30 pbt
TRD pp5.02TeV %, ~2pb

. Tracking \F.):Pb 5.02 TeV ‘znt ~3nbtl /

%
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ANALYSIS PROCEDURE

ALICE
Non-prompt D mesons (b > D° & K n*,D* > K n*n*, Dt > ¢ n* > K K* 1*) Verier

® Reconstruction of D mesons using invariant mass spectrum of tracks displaced from primary vertex - ..

® Use Machine Learning method that utilizing topological parameters and PID to .__<:K
-“"‘ D 1L
» Enhance b—>D fraction and reduce combinatorial background A
- ALICE Preliminary
-39 pp, Vs =5.02 TeV
; D" — K n*n* and charge conj.
TF 2<p, <3GeVic

t 4
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»
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® b > D fraction is obtained by min-y? approach on different
responses of ML model to prompt or non-prompt

|
Raw yield

2< p, <3 GeV/c
e Data

Prompt D e
[INon-prompt D*

— Total !

Counts per 6 MeV/c?
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= (1873 +2) MeV/c? t +
L 6 =7MeVic?
" s=168+33

0.05L Tronpromst = 0-62 £ 0.08 (stat.) £ 0.01 (syst)

o
o
|

175 18 18 19 195 2 2 4 6 8 10 12 14 16 18 20

Non-prompt Jhy (b = Jy 2 e e*) A _——

® Reconstructed Jiy with di-electrons mows § § Setemn, B OFO

® Non-prompt J/y fraction estimated with 2D- i wcmy [ | ]

unbinned likelihood method on invariant mass and Apicve g AT i
pseudo proper decay length o

0;111 sals i i I Fen 107k W /4% // A gl

22 2.4 26 2.8 3 3.2 3.4 3A6m‘,,ﬂ:2.(§eV/c”;‘ 3000 2000 1000 0 pseudo‘porgger decazy??eonglh (“IriT?)OO
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ANALYSIS PROCEDURE

ALICE
Beauty-decay electrons B R RS
- { Conversion electrons
7] 30-50% Pb-Pb, {5y, = 5.02 TeV ¢ ALICEdata 4 Dalitz eleciro
10'F 25 < p, <3.0 GeV/c, ly| < 0.8 " e e

® Db-hadrons have longer life-time than charm and other electron
sources = Larger impact parameter (d,)

® b > D fraction is obtained with template fit on impact parameter

distribution -
0.05 0 0.05 0.05 0 0.05 . 0.1 b hadrons T B 500 ll‘m/C
.47 d, x sgn(charge x field) (cm) C had rons T < 300 ll‘m/C
arXiv: 2005.11130
'_?:'\0'7_""\""\_'i"l""l""\""\""\_""\"" :
b'taQQEd JEt E_ OGE_ SEIL%ﬁE;sII:mSIT‘ngTeV z:tzligkgecgch%riei?ls( 05 ] %:gl;ced
2T Lylo, >7 ® ]
® Jet reconstructed with anti-k; algorithm (R =0.4) o[- + ooz ] Secondary
® Apply topological cuts to increase the b-jet purity o-d_:H R . —+ & 5/
® Db-jet purity is obtained with template fit with MC jet probability N o ] ’i
templates tO the data 0-25— |i| g%ﬁﬁﬁégiﬁfgﬁtﬁg based evaluation _E ‘\ |
1E?FI - I2‘0I - IS‘OI - I4IO‘ - lSIOI - lﬁbl - ITJOI - IB‘OI - I90I - I1_00
p‘;h 1 (GeVic) .
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b>D MESONS CROSS SECTION

ALICE
\ I T T T T ‘ T T T T .l \. T T T ‘ T T T | | T T T T . —— ‘ . .‘ e - R . I | 1 [ I I 1 I 1 [ l I 1 I |
@ Q EALICE Preliminary E §103 ALI%%Er§4|T|Gary 0 = 0.40: A|_|CIE P I'I _ { b->D
< 42, f op, s = 5.02 TeV 18 PSSV et y<os £ - reliminary pp 5.02 TeV
Q" i 18 10% 42 EPJC (2019) 79:388 = 0-35:_ Pp, Vs =5.02 TeV :
10 Non-prompt <05 = | = FONLL . B ]
SV 10, prompt, ly| |2
:_—’:i: E - = D° ; 'Z.Pm =, gggprompt D% ly| <05 Q_l_ 0_30} Prompt: EPJC (2019) 79:388 {
> b o™ . D 12 L = -, FONLL + PYTHIAS Decayer | 2 - .D° -
Q'_ 1= e - + D; = Qg = = -8 0 25__ + ~
S ; R7 ¢y - ; 10" _I+I ,:; - - AD 7
5 I = ] = S o +D; -
N5 a1l . | 10 . g Y - .
10 E —a——— E , +2.1% lumi. unc. n-otshown . = é g_ r AE ]
B — 1 e et tnnn g & 0150 E
e 3%7 3 5 C 4 i
1072 4 o3, ERS - g
: | g . b 0100 ?%ﬁfﬂ E
- _ Q. — -
I £2.1% lumi. unc. not shown T E t ¢ ' D - av —EE— .
10~2 E-BR syst. unc. not shown - s 4 4 © 0.05m 3
B [ |y | ‘u Coon 1| V\\’ TR R RN R B R SR E fég 1;m_.mmﬂ'm'ﬁ}.m,_ﬂ]__m__m_ i © - T T T T T ]
0 5 0 15 20 25}, 0 5 10 15 20 25
p,(Gevic) ° ° T E O E T e p. (GeV/c)

® Non-prompt D mesons cross section in pp at 5.02 TeV

> Toprompt ~ 80% for D°, ~ 60% for D*, ~ 50% for D*
® Measurement described by FONLL calculations within uncertainties = better constrain on than FONLL at low p;
® Non-prompt to prompt ratio = Different p; shapes / constraint on B->D decay branching ratios
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b>Jhy & b>e CROSS SECTION

ALICE
: T 1 17T | LI | 17T | 17T | LI | L ‘ T : % ) ) b (9 C) 9 e
L ALICE Preliminary pp, 1s=13TeV s ALICE Preliminary
L _ -1 oy Q —3
C -#- data L,=21.1nb"+5% § 10°¢ op, V8 =5 TeV, | < 0.8 PP 5.02 TeVV
R Non-prompt J/y, |y| < 0.9 | 'g -
|:+:| V;.\ 10_4 E
o |- —
© -
T S o
— — - 107
C . = =
§ —— . ‘ & -
B i o - ® bo(co)e
- - 10°° =
L i - % FONLL (JHEP 05 (1998) 007)
7] 107 & additional 2.1% normalisation uncertainty (not shown)
Ee v el | P | | |
1 r
-2 | _ C
1 O r . EI 2
- - 2 15¢
B FONLL, M. Cacciari et al. ] :‘E
o © 1 -_— L=
11 | | | | 11 1 | 11 1 | 1 1 1 | 1 1 1 I 1 1 1 ‘ 1 O 0 5 n i N N L N .
0 2 4 6 8 10 12 14 =0 1 2 3 4 5 6 7 8
p. (GeV/c) p, (GeVic)

® Non-prompt J/y cross section in pp at 13 TeV for 1 < p; < 13 GeV/c
® Beauty-decay electron cross section measured in pp at 5.02 TeV
» Measurement described by FONLL within uncertainties
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b-TAGGED JET

ALICE
b-jet
% . ™ J 2-2 :I LI I L L L I rTri I r7Trri ] LI L L I LI p-Pb 5 02 TeV
S 107k ALICE Prefiminary (SO0 SN0 FEAV oE ALICE Preliminary '
[0 = -
& - pp, Vs = 5.02 TeV = 3 ]
é 10 Charged b jets, Anti-ky, R=0.4, |n_|<0.5 = 1.8 — p-Pb, ﬁ = 5.02 TleV -
= B O_ S 1.6F Charged b jets, Anti-k;, R=0.4, |niet|<0.5 _
o[T. 1 Q |q - E
I8 10°E Qﬂ QQ'I 4 =
= o —— =
[ bo. ba1 2 + { —
10*6:5 —4— bjet O © 1 B T T . o e —
E Syst. Unc. (Data) Flllq: 0 8 :1_|— -
% —— POWHEG+PYTHIA8 hvq, with CT14nlo O =
107 [:] Syst. Unc. (Theory, Scale variations) El o C _i' b-jet RpF‘b CMS (pT full jet, R=03) 3
= O%F Osyst une. (cms) 3
§ }:é 0.4 - bt A ALICE -
IR | i 0.2 - []Syst. Unc. (ALICE) =
(UI 0.8  sat SR PP PR EEECEEE PR EE PP PRty SEEEEEERR 0 0 1 11 I AT TN W [ TN WY W TN N TN TN TN WO NN TN NN W TN AN U NN NN M NN NN N AN NN NN AN A
ES ARl e s s s B
§ ‘8321 _____________________________________________________________ 50 100 150 200 250 300 3(530 V/400
0 R T ie.g(%eWéfm P o et (GeV/c)

® First ALICE measurement of b-tagged jet cross section in pp at 5.02 TeV to low p+
» Described by POWHEG + PYTHIAS8 within uncertainties

® Measured b-tagged jet cross section and R, in p-Pb at 5.02 TeV for 10 < py ¢ s < 100 GeV/c
» The measurement is consistent with unity
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R ,a OF b>DO

ALICE

b>D?

g " T TT |‘ T l |. T 1T L <<t _\ T T T ‘ T T T T | T T T T I T T T T ‘ T T T \_ E _| T T T | T T T T ‘ T
T4 . ALICE Preliminary — @ 1 6: ALICE Preliminary Non-prompt D° ] @ 1 6: ALICE Preliminary Pb-Pb 5.02 TeV
i Pb-Pb, |5, = 5.02 TeV | r Pb-Pb, |8, = 5.02 TeV - E : .
ler 0-10%, |y|<0.5 ] 1.4 0-10%, |y|<0.5 ] 1.4 30-50%, [y|<0.5 |
- ] —— Data -« « TAMU 0-20% - - —+ Data - = = TAMU 30-50% ]
L e 1 | 1.2 =] MC@sHQ+EPOS2 £33 CUJET3 - 1.2 =] MC@SHQEPOS2 £33 CUJET3 ]
r ] K ]LGR - =11 -
- | i N | F I a
0.8:— _"_} beDO . 1.0 .. .................................................................... |+; 1.0: . - 7
i c~> Do i 0.8 4 0-10% - 08— |I|
0.6/ 7] - A% i R L D )
- 1 0.6 I — 0.6 == it o T
oab JEE[ E - %( - ) C P .
T . 0.4 A 0.4— 1
| iy ﬁg{g | ; ; + I
0.2 a1 . 0.2 0.2 -
: ‘ | : : : 1 | | 1 1 1 ‘ 1 1 1 | I 1 | | 1 | 1 | 1 :
5 10 15 20
1 10 pT(GeV.’c) p_(GeV/c)

TAMU: PLB 735 (2014) 445 v
MC@sHQ+EPOS2: PRC 89 (2014) 014905

. - LGR arXiv:1901.04600; 1805.05807
® R,, measured for non-prompt D° in 0-10% and 30-50% Pb-Pb collisions at 5.02 TeV CUIETS: arxiv:iAL1 2673 AEORIEDERD:

> Suppression of beauty production is observed _—
® Hint of ordering Ryp .5p < Raapsp at intermediate p
® R,, (0-10%) < R,A (30-50%0)
® Theoretical models that include collisional and radiative energy loss describe the data within uncertainties
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R ,a OF b>DO

ALICE
5 b->DV
E- 3 Oll L | LI | T T L L E’_ F T T T 1 | T T T 1 | 1T T T T T T | L L
9 ( - H 1 9 ~ M M 0
837" ALICE Preliminary D’ meson 8325 ALICE Preliminary i Pp-Ph 5.02 TeV
= r Pb-Pb, s, = 5.02 TeV = | Pb-Pb, |5, = 5.02 TeV |
8 2-5__ 0-10%, |y|<0.5 8 % 30-50° lvl-N & ]|
gz [ 23,5l
== 2.0
< | 0-10% | <
2.0 B :|
E| =
e 1.5
1.5
& \ ]
a 1.0{—H =0 -
1.0 L 3L O - — .
B —— Data == TAMU 0-20% i B —— Data == TAMU 30-50% ]
L E== CUJET3 ssssss MC@sHQ+EPOS2 el. - B E== CUJET3 ssases MC@sHQ+EPOS2 el. ]
0.5 f win LGR - weses MC@sHQ+EPOS2 el.+rad.+gluon damping ] 0.5 j wi LGR - seenes MC@sHQ+EPOSZ2 el.+rad.+gluon damping i
i 1 | S | L1 1 ‘ I N — ‘ S R — ] i | I | | L1 | I I | | [ | | I T | ]
5 10 15 5 10 15

20 2
p (GeVic) ,%T(GeV/c)

® Ratio of the R,, of non-prompt to prompt D° (beauty/charm)
> pr <5 GeV/c : bumpy structure hint difference in shadowing / flow / decay kinematics for charm and beauty
> pr>5 GeV/c : beauty quarks undergo less suppression than charm quarks = mass dependence of energy loss
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R,n OF b—>e

ALICE
(1.8_"“I""I""I'"'I""I'_ <1.8_"'|""\""|"‘ becee
< 16 - ALICE Preliminary R o 16 - ALICE Preliminary ( )
" [0-10% Pb-Pb, |5, = 5.02 TeV ] " [0-10% Pb-Pb, |5, = 5.02 TeV Pb-Pb 5.02 TeV
1.4 : 14 F ]
I ©-c,b—e b(—c)—e . - b(—c)—e — MC@sHQ+EPOS2
1.2 I arXiv:1910.09110 [nucl-ex] - |7|<0.8 ] 1.2 [ o |n]<08  eeee PHSD N
i —o-[7|<0.6 ] ! —e—|7]<06 E== Djordjevic i
HE - - mom e -— 1.0 FNGommmmmmmm e
+ . 0.6 | 1°Fs e
' & i ] i e = =
# ¢ ! ] 0.4 O T ]
BTN 02} ' ]
0.0—....I....I....I.\..I.\\.I._ 0-0".‘.|....\....|‘.‘.|....|._
0 5 10 15 20 25 5 10 15 20 25
P, (GeV/c) P, (GeV/c)

® Nuclear modification factor measured for b—>e in 0-10% and 30-50% Pb-Pb collisions at 5.02 TeV Poster by J. Park
» Suppression of beauty-decay electrons observed

® Comparison of b->e and b, c>e: consistent with mass dependence of AE
> Hint of higher Ry p5e than Rya (pse at low pr, while overlapping at high p; (beauty decays dominate)

® Measurement described by models which include both collisional and radiative energy loss
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COLLECTIVE ELOW

ALICE
>N :l LB ER I | B B R I L IR L | I UL I LI I rrrT I LA l rrTrT N T ‘ T | T | T | T | T I | | T
Q 04 ALICE b>ev, > 0.3~ ALICE Pb—Pb |5, =5.02 TeV
éﬁ) Q ) [~booe . 30-50% o, [y| <05
“2’ e Ryl PhHh-Ph 502 Te\/ e Prompt D, |y| < 0.8
Qo 0.3 —PHSD . 4}%@% e Inclusive J/y, 25 <y < 4
[ Elliptic Blast Wave : 02— =@ ‘ " e Inclusive J/y, ly| < 0.9
" B LIDO PR N b—e,l|y<0.8
0.2 ly|<0.8 i a Y(1S) 5-60%, 2.5 < y < 4
B il L] |
’ { 0.1-= ®® %w % +—
il ap
VIt + e i G% *
X — % JHEP09 (2018) 006
e - 0= % I arXiv: 2005.11130
: o I Ongoing
[ 30-50% Pb-Pb, sy =5.02TeV ] I Phys. Rev. Lett. 123, 192301
B U e e I P RN R NUN SRR AU SRR B
¢ 1 &8 @ & 3 8§ (G;V/c? > 4 6 8 10 12 14 16 18
arXiv;.2005.11130 E p T (GeVic)

® Non-zero elliptic flow for beauty-decay electrons
» High significance (3.75¢) for 1.3 < p; < 6 GeV/c
» Model prediction describes data within uncertainty
® Bottomonium v, ~ 0, while open-beauty v, > 0
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SUMMARY

ALICE

® Beauty production studied in pp, p-Pb and Pb-Pb collisions with ALICE

® pp collisions:
» Production cross section of b—>D mesons, b—>e and b-tagged jets described by pQCD calculations (FONLL, POWHEG)

® p-Pb collisions:
» Production cross-section of b-tagged jet described by POWHEG simulations
> R,p, Of b-tagged jet consistent with unity

® Pb-Pb collisions:
» Beauty quarks undergo energy loss from the medium --- important constraint of mass dependence of AE
» Measurement described by models that include collisional and radiative energy loss
» Non-zero (3.750) v, of beauty-decay electrons
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BACK-UP

ALICE

pp collisions

® Non-prompt D mesons cross-section at 5 TeV
® Non-prompt J/psi cross-section at 13 TeV

® Beauty-decay electron cross-section at 5 TeV
® b-tagged jet cross-section at 5 TeV

pP-Pb collisions
® b-tagged jet cross-section and RpPb at 5 TeV

Pb-Pb collisions
® RAA of non-prompt DO at 5 TeV (2018 data)

® RAA of beauty-decay electron at 5 TeV (2015 data)
® V2 of beauty-decay electron at 5 TeV
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ALICE

Non-prompt D mesons

1.0

BACK-UP
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ALICE Prellmlnary
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|
‘

\Jll\\\Il\ll\‘lll\‘llt\‘l vl b b by

D: —» on" — K'K n* and charge COH]
I RS P FEETE PR PR R RS PR h

m;
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ALICE

Non-prompt D mesons
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BACK-UP

ALICE

Non-prompt Jpsi
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BACK-UP

ALICE
b-jet
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