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Motivation

* Heavy flavor (HF) quarks (b/c): large masses compared to the quark-gluon plasma
(QGP) temperature

»Produced primarily at early times in the collisions

»May not completely thermalize



Motivation

* Heavy flavor (HF) quarks (b/c): large masses compared to the quark-gluon plasma
(QGP) temperature

»Produced primarily at early times in the collisions

»May not completely thermalize

e Color screening from the deconfined medium
* Three Y meson states (quarkonia) have different binding energies.

»Their "sequential melting" serves as a QGP "thermometer".
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Motivation

* Heavy flavor (HF) quarks (b/c): large masses compared to the quark-gluon plasma
(QGP) temperature

»Produced primarily at early times in the collisions

»May not completely thermalize

* Open HF quarks lose energy and deflect in the QGP.

» Probe the properties of the medium
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| extraction

HION-2021-12 (submitted to PRC)

* ¥ states measured in the di-muon channel at midrapidity.
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Nuclear modification factor ION2021.12 (subrmitted t0 PRC)
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e Sequential suppression: Y'(1S) > Y(2S) > Y (25+3S)

e Stronger suppression in central collisions ;
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 Some common systematic uncertainties are cancelled out.
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D O U b | e ratl O HION-2021-12 (submitted to PRC)
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* Sequential suppression is significant (below unity).
* Slightly decreasing toward more central; no significant pt dependence.
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Open HF (b/c) muon by et 825 2022) 137077
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Template fit to remove the background:

ID-MS momentum imbalance
p=(p"-p">)/p"

From Qipeng Hu 9

from HF semi-leptonic decay
om quarkonium, W/Z... (small)

random combination
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Open HF (b/c) muon by et 825 2022) 137077
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Yield suppression and aniSOtropy s tetssss eom o
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Yield suppression and aniSOtropy  ews tews ss oz 37077
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Yield suppression double ratio phys. Let, B 829 (2022) 137077
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e Large uncertainties due to anti-correlation between b and ¢

* Charm is more suppressed at low pt; comparable at higher pr.

* Model underestimates c Ry (and the double ratio) at low pt in 0-10%.
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Yield suppression double ratio
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* Charm is more suppressed at low pT; comparable at higher pr.

* Mass ordering consistent with the dead-cone effect
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F muon pair CONF-2022-022

* Back-to-back muon pair from semi-leptonic decays of HF quarks:
|An| > 0.8 -> remove the near-side jet peak
* Invariant mass cuts (only on opposite sign pairs) -> remove J/y, Y etc.

» bb dominate in the same-sign (neutral B mixing) and inclusive di-muon
pairs (kinematic) <- MC
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dN/dA¢

Back-to-back yield extraction CONF-2022-022
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The following fit function is used to extract the signal:
dN/dA¢ = Ny + N1 cos(2A¢) + YO (Ag),
Modulated background Back-to-back correlation yields
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Di-muon correlation: yields CONF-2022-022
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 Similar trend for both the same sign and opposite sign.

* Thp scaled yields suggest stronger suppression in more central collisions.
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Width

Di-muon correlation: width CONF-2022-022
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* Centrality-independent width indicates no significant change in the width.
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Width

Di-muon correlation: width CONF-2022-022

Same SIgn (dommated by bb) Theory prediction for broadening
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* Both coll and coll + rad lead to the broadening <- not observed

s*However, some recent new results suggest that the rad. may largely cancel
out broadening from the coll. v
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b_J et HION-2018-24 (submitted to EPJC)

* b-jet reconstruction: containing muons from the semi-leptonic decay
* b-quark: directly produced in the hard scattering or from a gluon splitting

* x10°
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e Muon candidates:
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b-jet signal extraction AION- 201824 (submitted to EP

* b-jet reconstruction: containing muons from the semi-leptonic decay
* b-quark: directly produced in the hard scattering or from a gluon splitting
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e Muon candidates:
* pr >4 GeV
e Within the jet cone (R)

* Pb+Pb combinatoric term 2l B
estimated from event mixing =~ o e
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Nuclear modification factor
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* b-jets are less suppressed compared to inclusive jets in central collisions.

e Stronger suppression in more central collisions.
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D O U b | e rat I O HION-2018-24 (submitted to EPJC)
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 Some common uncertainties are cancelled out in the double ratio.
* ~unity in peripheral; about 20% above unity in central collisions.
* b-jets’ suppression < inclusive jets in central.
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D O U b ‘ e rat I O HION-2018-24 (submitted to EPJC)
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* b-jets’ suppression < inclusive jets in central.
* Both effects could reduce b-jet energy loss.
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Summary

* Quarkonium:
* Sequential suppression for the three Y states observed.
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Summary

* Open heavy flavor and hard-probes:
* ¢ muon more suppressed than b at lower pr.
* HF back-to-back muon pairs: no significant open angle broadening observed.
* b-jets less suppressed than inclusive jets in central collisions.
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omparison with models

é _I TTT I LB I TTrT1T l L] I LBLELE I ! 5 2 I I TT 1T TTrT1T l I_ é r T I T 11T I i N I T 1171 I 128 20 3 | T 1 T 71 l T ]
o 1.4 ATLAS - @ 1.4 ATLAS 7
- pp, s=5.02 TeV, L =0.26 fb ] - pp, Vs =5.02 TeV, L =0.26 fo ]

1.2 Pb+Pb, \/s\,, =5.02 TeV, L = 1.82 nb" . 1.2[ Pb+Pb, (s =5.02 TeV, L = 1.82 nb” .
Ey*<1.5, p:" <30 GeV ]  |y™|<1.5, Cent. 0-80 % ]
e y(dsy T Duetal. = T oyasy Duetal. =

r —m- Y(2S) CY(Es) ] [ = Y(2S) CY(s) ]

0.8 + — 0.8 & Y(25+39) CY(2S) 7

C ] H Y (2S+3S) B

0.6 - 0.6 -
0.4 - 0.4F ¢ .
5 ] 0 ——
0.2f 0.2F .

50 100 150 200 250 300 350 400

(e

(N P, [GeV]

a _IIIllIIII|IIII|IIII|IIII|IIII|IIIIIlllll_ (’n\ _lIIIIIIIII!IIIIlIIIIlIIIIIIIIlI_
= 1.4r amLas 1§ 1.4[ arLas 7
2 - pp, Vs=5.02TeV,L=0.26b" 1 @ - pp, 's=5.02TeV,L=0.26 0" 1
F-’Qi 1.2~ Pb+Pb, \[s,=5.02 TeV, L = 1.82 nb” . ?-’Q_?:‘ 1.2~ Pb+Pb, \/s, = 5.02 TeV, L = 1.82 nb”" .
- yY<1.5, p:“ <30 GeV 1 r y*|<1.5, Cent. 0-80 % 1

F = Y@S) Duetal. B F = Y@2S) Duetal. B

08l Y(@8+39) Clr@syras) 1 0.8l —a- Y(25+38) Cresyres)

i Y(2S)95% CL [ Y(25+38)r(18) - R & [CJr(@s+3s)r(18)

0.6/ ) 0.6F .
0.4 . 04F 4 [] “

- ] e 7l—§

0.2_— ] 0.2_ L = 1 ]

IllllIIII|IIIIIIIIIIIIIIIIIIIl!lIl T Lo v o b b o by o by o by oo 1y
50 100 150 200 250 300 350 400 GO 10 15 20 25 30

33
(N0 P [GeV]



i L) T L Ll T T L) T § L T T Ll Ll T Ll T

o 14 anLas 1 £ 1.4 anas 7]
pp. (5=502TeV,L=026" g pp. 5=502TeV,L=026 "

1.2} Pb+P, (5, = 5.02 TeV, L = 1.82 nd" = 651.2-mn,ﬁ-smnv.utnm" -

Iy1<1.5, 9 < 30 GeV Iy¥1<1.5, ;" < 30 GeV
L e ;‘gi """""" v».:‘-s) """" H L wves) Yeoetal E
-8- Y(28) - e T(25+38) — Y(28)Y7(18)
o8fif] - risas .- JUR 5 Y(25)95% CL — Y2S+38YT(1S)

oef [+ b

04 Et] =
0.2 1

1] Laiaaal
%50 100 150 200 250 300 350 400

N2
: A | U RS RAARS RAARY |
«© 1.4 amnas -
. (5=502TeV,L=0261"
1.2} PbePo, 5, =502 TeV, L= 1.82nb" B

o« 14 anas b
pp. (5% 502TeV,L=026m"
1.2} Pb+PD, (5, =5.02 TeV, L= 1,82 nb" .
p}¥<30 GeVie, Cent. 0-80 %
1P T Taee .E
= Y(285) — Y(18)

0.8~ -« 1(25+35)

%02 04 06 08 1 12 14
™

o 1 _

50100 150 200 250 300 350 400

N
5 b T T T T T T
= 14F anas -
2 pp. (s=502TeV,L=0260"
5.21.2f Pbepb, |5, = 5.02TeV, L = 1.82 b 3
Iy™1<1.5, Cont. 0-80 %
T .res) Yaooetsl ]
0.8 - ¥(28438) —v2syr(1s)
N — Y(28+38)T(18S)
06 ]
04 .
]
0.2 = — =
A Jaaaalaaaal o | I 1
Q590 15 20 25 30
P [GeV]
» T T 1 T ] T T
£ 14ranas b
2 pp. [5#502TeV,L= 026"
=21.2f PoePo, {5, = 5,02 ToV, L= 1.62 b B
<30 GeVic, Cent. 0-80
e s =
08 o Y(25_35) — Y¥(28)¥(1S)

— Y(28438)T(1S)

1 1 1 1 1 1 1
%0204 06 08 1 12 14

™



