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Physics Motivation

 Heavy quarks (charm and beauty) produced in hard scattering processes in the initial stage

of the collisions, before QGP formation
Tb RJJ 0.02 < TC RJJ 0.07 < TQGP z 0.1 - 1fm/C

 Experience full evolution of the medium
* Not created nor destroyed in the medium — flavor is preserved

* In-medium parton energy loss via both collisional and radiative processes
« Expect to be mass and color charge dependences

> AE s due to coupling
<m, <my «— AE 4> AE. > AE,

« Color-charge effect : AE

gluons arks

« Mass effect : m

u,d,s

* Provide a hint of mass dependence of the in-medium parton energy loss by comparing
beauty with charm

. m B(D)
 In pp collisions B@\//
« Test pQCD calculations at LHC energies Q g

- Baseline for p-Pb and Pb-Pb collisions p mualhard sceteg

Charm
c \production
D —
c L

 In p—Pb collisions
« Cold Nuclear Matter (CNM) effects

o |
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Beauty measurements with ALICE

Central barrel coverage : || < 0.9

Inner Tracking System
* PV reconstruction
* Tracking
* PID

-

Time Projection Chamber

[
[/
LI ]

f Beauty measurements:

¢ ° Electrons from beauty-hadrons (b—e) §

¥ « Non-prompt D mesons (b—D'—K-+ 1) §

. * Non-prompt J/y (b—J/yp—ete’) i
b-tagged jets 1

13 ®
f

ElectroMiagnetic Calorimeter | | VZERO
* Trigger
* PID

* Trigger
« Event topology

—

———

* Tracking e
 PID —
Time Of Flight
* PID
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- Analysis Methods -




Electrons from beauty hadrons

« Study via electrons from semi-leptonic decays of beauty hadrons
« Substantial branchingratio: b - e + X (~10%),b - c—e +X

* Long lifetime of beauty hadrons (¢t ~ 500 yum) — larger impact parameter (IP)
IP : DCA (Distance of Closest Approach) of the reconstructed track to the primary vertex in a plane

perpendicular to the beam

 Two different methods
* IP cut method : Apply minimum IP cut and subtract background via cocktail simulation

« |IP fit method : fit the IP distribution of the inclusive electrons in data using templates obtained
from Monte Carlo simulation (based on Maximum likelihood approach)

e The templates are corrected to have realistic pr shape based on the measurements

[ ALICE pp, Vs = 7 TeV _ e
PP ALICE Preliminary
PYTHIA Data 30-50% Pb-Pb, I 1< 0.8 E'J'NG*’YTH'A
A Charm O Raw yield Sy = 5.02 TeV . (—_:eC) —e
® Conversion eb—(c—)e 2< p.< 2.5 GeV/c Dalitz electrons
O Dalitz/di-electron 3 ¢ Data —— Conversion electrons

— Yield of background sources - —Fit
- —— Data/Fit
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Physics Letters B, Volume 763, 10 Dec 2016, Pages 507-509

Jonghan Park (Inha univ.) Beauty production with ALICE 6 Mar 2020 5



Non-prompt DO

. Reconstruct|DO — K™+ 7z+|using invariant mass and secondary vertex (SV) displaced from

primary vertex

« BDT (Boosted Decision Trees) utilizes geometrical variables from decay topology
associated to the primary vertex and secondary vertex

» Suppress combinatorial background
» Disentangle non-prompt DO from inclusive signals
« Subtract prompt DO by exploiting a min-y2 approach with BDT cut variation on the raw yield
Pr
I
3 _decay angle 6*
& x1 Q T T I T T T T I T T T T I T T de_()a[\engmx’:‘) yointing
§ 1 o ALICE Preliminary w=1867 =1 MeV/c® — <~
() L . K \D'reconstructed momentum
s [ 0-10% o = 16.3 MeV/c® |
;-/ 10__ Pb-Pb, \ Sun = 5.02 TeV S=1949 + 78 __ ;t secondary vertex kK
> F7< p. < 8 GeV/c D° — K ot i DCAtrack Pt
C 1 -
3 0.8 and charge conj. | 3
O :gf‘ww‘”H‘Hw“w“wf 8 Fr T T ] i
| £s ALICE Preliminary _| 20 or ALICE Preliminary E
0.6 | & 0-10% Pb-Pb, |5y =5.02TeV | 2Ok
R A AL 2 o & U ] . —4+ Raw Yields ]| 083 -El_—m——ﬂ— E
- T : — Norronsf b
04_ — —'liotalptD B 0.6; E
" Fron-prompt = 835 = 1.0(stat.) = 1.7(sys.) % +T4 7<p,<8GeVic » - |
B N 7 0.5 -
= 1 1 1 | 1 1 1 1 | 1 1 1 | | 1 1 — ’?2 C ]
1.8 1.9 2.0 , E 0.4 =
M(Kn) (GeV/c F 0-10% Pb-Pb, s, =5.02 TeV
(K ( ) 1 7 0'3? D° - K* and charge conj. ]
0.2F —4+— Non-prompt Fraction —
0.02 0.04 0.06 0.08 5 DoT.11 Resp'%ltz 10 20 piO(GeV/c)
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Non-prompt J/y

« Reconstruct J/y — e* + e- using invariant mass technique
* Fraction of non-prompt J/y relies on the statistical discrimination of J/@y produced far from the
primary vertex by pseudo-proper decay length, x
7 —
B L - Pt . C - mJ/w
Pr Pr
 Perform an un-binned likelihood fit of two-dimensional distributions of invariant mass, me-+e-,
and x of both signal and background
S OO TTTTTTTTT T T T T T T T T T T T T T T T T T T g_ - U L L UL L DL limm T T T T T T T T T T T T T
= —— dam ] o [ —+ dam 292 < Mgy <3.16 GeV/c® 3 C @ ALICE pp, is=13TeV, Iy, <09 (preliminary) ]
S it ::an ldof-5344 3 8 [ i Slrlomth/\y x°/dof = 98/94 0.8 | © ALICEpp, {s=7TeV. y, '<09[JHEP11 065 012 E
.% 7005_ o fit: background _E E 10— fit: Jhy from b-hadrons ."t‘:: — E V ATLAS pp, Vs=7 TeV, |yJ/w|<0.75 [Nucl. Phys. B850, 387 (2011)] E
w - . F = = = = fit, background ,7 i‘ 0.8 — ® CMS pp, (s=7TeV, |yJ/w|<0.9 [JHEP 02, 011 (2012)] —]
600; ALICE Preliminary — L ALICE Preliminary ; 'g'\+ -+ GDF pp, {s=1.96 TeV, 1¥,,,/<0-8 [Phys. Rev. D71, 032001 (2005)] ~ ]
500; pp, Vs =13 TeV —; 10:_ pp. Vs = 13 TeV : + _ 0-75_ # _E
a0k p,>1GeVic : E Pr> 1 GeVe f ‘ ; 06 =
300? ' {5 “ 0.5 f— —f
- 1E . C ]
200F RE 2 K 04 —
1005_ & E/__/‘" ._.-": St 035_ _E
g"; I214I I2|6I I 2|.8I I (li I'32 34 36 38 - 4 1931060 I —|2C|)00 I j.1(|JO(I) 0 1000 2000 53000 E_ 4% _E
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b-tagged jets

Displaced
cks

Most displaced secondary vertex (SV)

« Select jets with a 3-prong secondary vertex Secterd
» Reconstruction of displaced SV with a significance : ’ Ly '}
Sny = ny > a 3-pronged
Gny
« SV tagging efficiency correction (PYTHIA+EPQOS)
» Purity correction (POWHEG+PYTHIA) —— e e
Track counting algorithm (IP) - e
axis perpendicular
. to the jet axis
b Use a |al’ge |mpaCt parameter Of B ha_d)rOnS ' ) :s;condary production point
- Evaluate a discriminator : sd,, = sign(d,, - p;)d,, b \\. .
: WA : threshold Sk
« Most displaced track in a jet with d,,, > d; ™" N
 Data-driven methods for both efficiency and purity tracks originated from the secondary vertex
are more likely to have positive SIP
+§ 102 ALICE Preliminary z': 10; AUCE Prelminary I2°I<fl’§“,-;lie°°l<l25le‘;v’lc ;-
8 - .T+—m___+Charged b jets, Anti-ky, R=0.4, | |<0.5 oN - Lylo, >7,05,<0.03 cm
4 EEL 35<p__ <40 (GeV/ > 'F p-Pb at sy, = 5.02TeV 3
+'—T.;f;‘....+pT’Jet (Gevie) z:' E anti-k; charged jets E
10 1 3 10-1.5— R =04, %1 <05 =
% 10-2;— —;
SV IP ‘é ? cjets %
Tagged jets iRt ——bjets -
1 E — Fit _t_ 3
- —3— Data - o Iwaldaltal - ]
- Fit Result = - ' ' ' ' E
- ol Tomiae s 2F .|. E
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- Results -




Electrons from beauty hadrons

Fraction and cross section of b—e measured in pp collisions at \/E =5.02TeV

* Measurements agree with FONLL predictions within uncertainties
» Cross section lies on the upper edge of the FONLL predictions

 b—e cross section in pp 5.02 TeV is compatible with the scaled 7 TeV measurement within

uncertainties

Phys. Lett. B 721 (2013) 13-23, Phys. Lett. B 763 (2016) 507-509 (erratum) - 7 TeV
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§ B ALICE Pre“mlnary : _I rrrrrrrrrrrrrr|rrrrJ|rrrr[1rrrr[rrrir
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Electrons from beauty hadrons

Raa of b—e measured in 0-10% and 30-50% Pb—-Pb collisions at , /sy = 5.02TeV

« Observed a suppression of beauty-decay electrons for p. > 2GeV/c
« Good agreement with models in 0-10%
« PHSD : collisional energy loss, fragmentation and coalescence
« Djordjevich : collisional+radiative energy loss and fragmentation
« MC@sHQ+EPOS2 : collisional+radiative energy loss, fragmentation and coalescence
* Raain 30-50% is systematically higher than 0-10% and to be confirmed by higher precision

measurements
1:1.8_,,,',,,,',,,,',, T T ] :E 2:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII:
T 5[ ALICE Preliminary { T 48[ ALICE Preliminary =
" [ 0-10% Pb-Pb, |5, = 5.02 TeV - Pb-Pb, s, =5.02 TeV ;
fal 16 b(=c>e lnli<0s8 E
- b(—=c)—e MC@sHQ+EPOS?2 1.4F —
12 F —o—1n1<0.8 " F 5 0-10% ]
3 —o—1Inl<0.6 ] 1.2 — + 30-50% ]
1.0 A - - ]
= - —
0.8 FLIN 0.8F i} + =
[ " BERas ]
06 [ []° \e 0.6 T 1 E T+t -
041 - 0.4F ey i =
0.2 | 0.2 —
0.0 B . . . | | | . | . | O _I 111 I L1 11 I | | I | | I | | I | | I | | I L1 11 I L1 11 I 111 I_

5 10 15 20 o5 0 1 2 3 4 5 6 7 8 9 10
[ (GeV/c) P, (GeV/ce)
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Electrons from beauty hadrons

Raa of b—e measured in Pb-Pb collisions at , /sy = 5.02 TeV

« Comparison with Raa of electrons from heavy flavors (HFe)

» Less suppression of beauty-decay electrons than HFe at low pr, even though they are compatible
within uncertainties

* In 0-10%, Raa of b—e is extended up to 26 GeV/c and both Raa’s are merged at high pr
as beauty contribution dominates at high pr

2::18_ — L L e e e §2||||||| T — 1 T T 1T T171]

T, 5| ALICE Preliminary ] @ 4 g ALICE Preliminary
" [0-10% Pb-Pb, \s, =5.02 TeV Pb-Pb, |5, = 5.02 TeV

1.4 ] 1'6;_ 30-50% centrality _;
i ©-c,b—e b(—=c)— i - .
1oL arXiv:1910.09110 [nucl-ex] _._|;|<:_8 B 1.4 = +b—e E
“r e Inl<06 1 = -+b,c — e, arXiv:1910.09110 =
1.0 Fil--- -— - — ]
AT T
0.8 "f:‘lb ] - ]
I ===, ~+ % 0.8 = J|‘ E
06 nEim E 0.6F 1] =
0.4 f - 04F (I
: _~: ’ | ] : :
0.2 f ST 02F =
OO - , T . T T O C L1 1 11 1 1 1 L1 1 11 1 1 .
0 5 10 15 20 25 1
P, (GeV/c) P, (GeV/c)

Merged Raa of b—e and HFe

Less suppression of b—e than HFe at low pr
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Non-prompt DO

Cross section of non-prompt D% measured in pp collisions at \/_ =5.02TeV
& pt spectra measured in 0-10% and 30-50% Pb-Pb collisions at \/@ = 5.02TeV
 Measurements down to 1 GeV/c
» Cross section in pp collisions described by FONLL predictions — agreement within uncertainties

’G 107 - T | T T T T | T T T E g Ei T | T T | T T | T T | T T | T T | T T | .
- . v L _ 0
2 ALICE Preliminary N % 1t ALICE Preliminary  Non prompt D N
Q) O) = 3
,(s=5.02TeV =, [ Pb-Pb,\|s,=502TeV lyl<0.5 =
s 10° PP | s s NN y ]
.3_ ; D° from b hadrons, lyl<0.5 ; 3510'1?5 . 0-10% —g
 f % ~paa 3z 30-50%

~~ — ] B ‘E’ [] - (o)
Sofl  omg Do ] Sl
- —Hi— - Z = ]
- ] o & = .
B ] 10 ® _m =
: = : = . f
104 = = - - i
; =l 107 = E
L — - — 3 E
|+ 2.1% lumi, = 1.0% BR uncertainty not shown N : 7
- TR RS SN S E  SS 107° = E
_ 1.5E _m_—;— , = - il -
= 10H - e M a] —————————— - ol + .
Q0 E ] 107 3
L 05 = - — +0.76% BR systematic uncertainty not shown -
0.0: ........................ _I L1 1 | L 111 | L 111 | L 111 | L 111 | L 111 | L 111 | K
10 15 5 10 15 20 25 30 35
p_ (GeV/c) p.(GeVic)
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Non-prompt DO

Raa measured in 0-10% and 30-50% Pb-Pb collisions at . /s\y = 5.02 TeV

« Suppression observed for p. > 2GeV/c

Less suppression of non-prompt D9 — lower energy loss for beauty than charm
Less suppression in semi-central than that in most-central in intermediate pr range

<
<
c

I I I I | I I I I | I I [ | I I I I | I I I I _I_

<
<
c

1 6: ALICE Preliminary Non-prompt D° 1 6: ALICE Preliminary Non-prompt D°
T Pb-Pb, |5 = 5.02 TeV ] T Pb-Pb, |5, = 5.02 TeV ]
1.4 0-10%, lyl<0.5 — 1.4 30-50%, lyl<0.5 —
B « Non-prompt D° ] B « Non-prompt D° i
1 2 :_* n Prompt DO _: 1 2:_ = Prompt D0 _:
17 - Ao I
0.8l - 0.8:— -
0.6 - 0.6/ 'HH@'@' o & -
0.4 — 0.4 Hﬂﬂﬁﬂ@‘r‘ﬂ‘ —
0.2F — 0.2 ~-=’ —
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Non-prompt DO

Raa measured in 0-10% and 30-50% Pb-Pb collisions at . /s\y = 5.02 TeV

* Transport models with collisional energy loss describe the data within uncertainties
« TAMU : PLB 735 (2014) 455

MC@sHQ+EPOS2 : PRC 89 (2014) 014905

LGR : arXiv:1901.06400; 1805.05807
* Models based on pQCD provide good estimation for pr > 10GeV/c
CUJET3 : arXiv:1411.3673; 1508.00552; 1804.01915; 1808.05461

<<E _| I I I | I I I I | I I I I | I I I I | I I I |_ é _| I I I | I I I I | I I I I | I I I I | I I I |_
x 1 6: ALICE Preliminary Non-prompt D° x 1 6: ALICE Preliminary Non-prompt D°
T Pb-Pb, {s=5.02 TeV ] T Pb-Pb, s, =5.02 TeV ]
1.4 0-10%, lyl<0.5 — 1.4 30-50%, lyl<0.5 —
: 4 Data - = = TAMU 0-20% - N 4 Data - = = TAMU 30-50% -
1.2 ] MC@sHQ+EPOS2 {713 CUJET3 — 1.2 ] MC@sHQ+EPOS2 {1173 CUJET3 ]
-1 "] LGR . B LGR .
1.0 _—"i """""""""""""""""""""""""""""""""""""""""" 1.0 -
0.8 - 0.8~ -
0.6 O — 0.6 NP P s :
0.4/ — 0.4 {H ' 4
- i N _EH_ LP .
0.2 — 0.2 —
:I | | | 5| | | | | 1|O | | | | 1|5 | | | | 20 | | | |: :I | | | 5| | | | | 1|0 | | | | 1|5 | | | | 20 | | | |:
pT(GeV/c) pT(GeV/c)
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Non-prompt DO

Raa ratio measured in 0-10% and 30-50% Pb-Pb collisions at , /sy = 5.02 TeV
* Model predictions match data within uncertainties for both centrality classes

* In 0-10%, bumpy structure Rnon prompt
» Different kinematics / different energy loss due to the mass dependence
* In 30-50%, no evidence for the same bump over the measured pr range RPTOIIlpt
"g_ 3 O—_I I I I | I I I I | I I I I I I I I | I I I I_— "g_ T I I I | I I I I | I I I I | I I I I | I I I I :
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1.0 E L e T —
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B | | | | é | | | I1|OI | | I1|5I | | I2|OI | | I_ B | | | | é | | | I1|OI | | I1|5I | | I2|OI | | I_
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Non-prompt J/y

Cross section of non-prompt J/y measured in pp collisions at \/E = 13TeV
 Measurement as a function of pr and as a function of rapidity — well described by FONLL

o 1 T T I Y B (o a 3 [ e L
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D B -®- data Lw=211nb"25% | 5o -@- ALICE (preliminary)
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= + ® Non-prompt J/y, |y| < 0.9 [ ’ (2015)]
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Non-prompt J/y

Cross section and Rppn of non-prompt J/y measured in p—Pb collisions at , /sy = 5.02 TeV

 Measurement as a function of pr and as a function of rapidity
« Compatible with model implementing CNM effects within uncertainties
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b-tagged jets

b-jets measured in pp collisions at \/_ = 5.02TeV
 Consistent with model calculations

« POWHEG HVQ EPS09NLO + PYTHIAG (SV)

« POWHEG HVQ CT14NLO + PYTHIAS (IP)

« POWHEG Dijet EPPS16 + PYTHIAS8 (SV)
« POWHEG Dijet CT14NLO + PYTHIAS (IP)

_ ULl BLELELELE B R UL R D A B AL B 'R UL LU B R U B B L U
S 107°F ALICE Preliminary S 1078 ALICE Preliminary
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b-tagged jets
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Summary & Outlook

Beauty production studied in pp, p—Pb, and Pb—Pb collisions with ALICE detector

* In pp collisions :

* Cross section of b—e, non-prompt D9, non-prompt J/yp and b-tagged jets well described by
pQCD calculations

 In p—Pb collisions :
* Rppb of b-tagged jets consistent with unity — small influence of CNM effects
« Cross section and Rppp of non-prompt J/p and b-tagged jets described by model predictions
implementing CNM effects
 In Pb-Pb collisions :

* Raa of b—e and non-prompt DO less than unity — undergo energy loss in the medium
 Measurements described by models that include collisional and radiative energy loss

In the future, beauty production will be studied via full reconstruction in pp, p—Pb and
Pb—Pb collisions with ALICE detector upgrade at the LHC energies
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Results : electrons from beauty hadrons

Cross section of electrons from beauty-hadron decays measured in pp collisions

at
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Results : electrons from beauty hadrons

Nuclear modification factors of electrons from beauty-hadron decays measured
in pPb collisions at \/E = 5.02 TeV and Pb-Pb collisions at , /sy = 2.76 TeV
« CNM effects are negligible within uncertainties
* Medium-induced energy loss in Pb—Pb collisions above 3 GeV/c
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Tagging efficiency

b-tagged jets
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