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Why Resonances? e

In Light Flavour(Strangeness)
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Overview: Light Flavour Resonances T

Characteristics // knobs

(fm/c)
Mass Lifetime —
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2 *(uus, dd 2
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0 ? Y (46%)

K 7~ 896 MeV/c2
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PNU-WorkShop - Bong-Hwi / 2021-02-25 3 /17



Overview: Light Flavour Resonances T

Characteristics // knobs
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Overview: Light Flavour Resonances

Characteristics // knobs
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The ALICE detector

e Multi-purpose detector at the LHC with unique particle
identification capabilities and tracking down to very
low momenta

e Central Barrel Detectors (|| < 1)
LTS (|n] < 0.9)

e 6 layers of silicon detectors

 Trigger, fracking, vertex, PID (dE/dx)
N TPC (|n] < 0.9)

e Gas-filled ionization detection volume

 Tracking, vertex, PID (dE/dx)

—am TOF (|n] <0.9)
 Multi-gap resistive plate chambers

e PID (B, time of flight)
B Vo [VoA (2.8 <1 < 5.1) & VOC

(—3.7<n<—1.7)

e Arrays of scinfillators

e Trigger, beam gas rejection, Multiplicity
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The ALICE detector

ALICE
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“Multiplicity”

ALICE

Small system // Large system | -
° Sysfem si Z€ may refer... ,_ f - _ . _
e Size of the colliding objects pp

e Common way of thinking | SN '_; _ RREERR :_;

(ee <) PP < PA < AA = U N
e Size of the created medium ’
e Correspondence o the previous true only on average

NCOH' MU"ip"C“y

part>

I

e Multiplicity: Number of particles produced in a defined kinematic region. Pb-Pb

1 1 1 1 M = T T T T T T T T T T T T T T T T T T T — L T T°1 L I
e Estimated by Multiplicity estimator £ | | | o 32 | ALICEPb-Pb |5, =5.02TeV
S 197 ALICE Performance VOM Multiplicity Classes =107 « Data 107
®) = . . , S
. 1 = s=13TeV Min. Bias Triggered Data: - i
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100 5% 50-40% < Puk X[EN o+ (FON_ 4
. . . . = -5% -40% w,k art ) 107 E
TO I-l-S m U |-|-I pl ICI-I-y 5 E\\\N |: 5-10% |:| 40-50% \U_)/ f=0.801 ,pu =45,k =Cq|”.75 -
10°E \\ ] 10-15% [ ] 50-70% =
.F DN ] 15-20% [ ] 70-100% 4 @©107*
10 NN — oi00% 2 T
— RN LL
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Example of Analysis: =(1530)0

Scheme-Procedure

 Final Goal: Get the number(N) of produced parficle in specific condition.

1 d@ B Etrz’gg. INEL>0 Nraw 1 1
NéNELN) dydpr NE physset  AprAyAMultiplicity percentile eprc (S.L.)

What we want to get Event Selection Reconstruction MC Correction

 Analysis Flow:

Event Selection I8 Track Reconstruction I8 MC Correction B3 Final Result

e Used Detectors:

e |TS: Trigger / Tracker / Vertexer
e VO: Trigger / Multiplicity Estimator
e TPC: Tracker / PID(dE/dX) —a
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® ®
Analy5|s Details
+ » »

e Data set: Recommended pp 13 TeV colliision, 1.59B eventis N
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e LHC16deghijklop_17cefgijkimor_18bdefghikmnop : 14;_
o Trigger: kINT7, Minimum bias trigger (VOA && VOC)
 Event cuts: 13
« IsIncompleteDAQ 3 L
« IsSPDClusterVsTrackletBG e T T iy v
. TIsNotPileupSPDINMultBins § oot o
. 5 oooFe Only for example
¢ Good Vertex Selection: T E
e | zVertex | <10cm 60005_
5000 —
 SPDVertex dispersion <0.04 cm =
4000 —
* ZzVertexresolufion <0.25 cm ooE- ] ] ] ]
e z-position difference < 0.5 cm 20005_
¢ IsSelectedin AliMultSelection =
= Cut direction—
0 = 27 | T | Inc | | N | r | G | 2y, | Aj; N,
99er O’hp/eteD 40 8g Pite Ahjgp, ; o o ”‘/Vocm MU/[SQ'%@, 5&&3{%

PNU-WorkShop - Bong-Hwi / 2021-02-25 7 /17



9
o
=
S
X

L]

2
2

>
©
-

<

Analysis Details

ALICE
Event Selection lgdl Track Reconstruction I8 MC Correction KM Final Result
e Decay channel: =0 — = + t*
« Basic concept: Select =, and Select = and apply topological cuts -
e Good & Selection(Track cut): \ "
' p
* Standard 2011 ITS-TPC Track cut(link) with Primary cut option Bachelor : &= ! /'I p
* n<|08] o ~
e pr>0.15GeV/c A “\
| ‘ y
. TPC PID(x) sigma < 3 | V0 Vix
« zVertex dispersion < 2.0 cm DCA Bachelor /" | e
e Good = Selection(Track cut): to Prim. Vix / o XI" Vix
e Reject AcceptKinkDaughters
e Number of Clusters in TPC > 50 ,‘,\’ Ca SC . a

Require TPC Refit

Chi2 Per Cluster TPC < 4
pr>0.15 GeV/c

TPC PID(m, p) sigma < 3

PNU-WorkShop - Bong-Hwi / 2021-02-25 8 /17


http://aliroot-docs.web.cern.ch/aliroot-docs/src/AliESDtrackCuts.cxx.html#eeIc3D

Analysis Details
ALICE
» » »

e Topological Selection:
e DCAofAToPV >0.07cm
e DCA between A daughters< 1.6 cm
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e DCA A and second emitted pion < 1.6 cm B
e Decay length xy of A >1.4 cm Tc 9

e Decaylengthxy of z%# >0.8cm

DCA

e Fiducial limit of Aand =z =100 cm ./ p
e Cosine of pointing angle of A > 0.97 DCA Of A N = between A
e Cosine of pointing angle of =¥ > 0.97 tO PV R .- - daughte rs
* Mass Window of Aand =¥ =+ 6 MeV/c2 L e="

_ A = =
e =(1530)0 |y|<0.5 e A

w0
| S
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® ®
Analysis Details
+ + +

e Reconstructed Signal + Mixed-Event Background (0-100% Minimum Bias)

ALICE
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%108  E(1530) = E+x 08<p_<1.2GeVic x10° 2(1530)° > E+ = 1.2<p_<1.6GeVic %103 £(1530)° - E+ 1.6<p_<2.0GeVlc
&\J 32 (\g - —— data (g 35 - —}— data
g 30 é 45 - —}— Mixed Bkg E - —}— Mixed Bkg
g-/ o8 g/ - D Normalization Region g 30 - D Normalization Region
3 o4 3 - = 3 T -
&) © 45 - - _,:_.g:' &)
22 - 40 - . ey
20 30 - -__ - #‘M
18F- - -— 35 -
- -_ ..--
10E= 25— -
14 -3 30~
14 = B M P PP PP SRR A B B T (P PR B M M P S IR B
1.5 1.55 1.6 1.65 1.7 1.75 1.8 1.5 1.55 1.6 1.65 1.7 1.75 1.8 1.5 1.55 1.6 1.65 1.7 1.75 1.8
M._. () (GeV/c?) M... (nZE) (GeV/c?) M... (nZ) (GeV/c?)
<108  E(1530)° > E+x 20<p_<24GeVic «10° 2(1530)° = E+ 24<p_<B8.2GeVic «10° 2(1530)° - E+ & 32<p_<4.0GeVic
T 50 . —+ data T 65k - — data v 28 . —— data
S S = S
2 . —4— Mixed Bkg 2 - —}— Mixed Bkg 2 26 ) —4— Mixed Bkg
2 45 . D Normalization Region 2 60 =3 . D Normalization Region 3 24 - D Normalization Region
% % 55 :— % 20
Q 40 - Q : Q - L
G - (©) 50 — - - (@) 20
35 - 45 = - 18 -
" e P T T C - - 16
- - - = 4O - T
30 - E - ) 14 =
== 3B -
= mp— 127
25 -
A EEE T T T S S O b 1] =i EPEENEN I S PP TP S
1.5 1.55 1.6 1.65 1.7 1.75 1.8 1.5 1.55 1.6 1.65 1.7 1.75 1.8 1.5 1.55 1.6 1.65 1.7 1.75 1.8
M... (nE) (GeV/c?) M._. (nE) (GeV/c?) M._. (nE) (GeV/c?)
x10°  E(1530) = E+x 40<p_<4.8GeVic x10° 2(1530)° > E+ 48<p_<56GeVic %103 2(1530)° - E + & 56<p_<8.8GeVic
&\J 11 . —}— data &\J 4 + —}— data :g 25 } —}— data
S S S
2 10 —4— Mixed Bkg 2 $ —4— Mixed Bkg 2 } —}— Mixed Bkg
2 .t D Normalization Region 3 3.5 + D Normalization Region Sr' 1 D Normalization Region
: s s 2
€ £ 3 N £ t
3 8 * 3 3 4
&) &) &)
* 25 ¥ +
7 : + 1.5 + t
) * + -ttty gt gttt ity
5 + . . oty ity gt g ettt 4 athie] ra) + +1
- P i T ) 2 + v + t _d_-"l—
- + _-
o o 1 # -
- 1.5F o
4= £ "
3 el 1 L. 1 1 M PR 1.|....|....|....|....|....|.... Okl L o o o o L
1.5 1.55 1.6 1.65 1.7 1.75 1.8 1.5 1.55 1.6 1.65 1.7 1.75 1.8 1.5 1.55 1.6 1.65 1.7 1.75 1.8
M....(xE) (GeV/c?) M....(xE) (GeV/c?) M....(xE) (GeV/c?)
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Analysis Details

 Reconstructed Signal - Background, fit (0-100% Minimum Bias)

%108  E(1530)° > E+x

08<p_<1.2GeV/c

G —f— data +2/NDF: 84.4/43.0
2 —¢ Voigt+Pol(2) Mean: 1.5320 = 0.000000
b= S = =4 Pol(2) Bkg Sigma: 0.0036 = 0.000320
o Gamma: 0.0091+ 0.000000
<
< 4
2
C
8 -
O 3 )-
2
1
watyt P, S
0 ———— HT.4 HY T T
¥ ty FE H++++++ ty +++
1l I 1l I 1l 1l 1l 1l I 1l 1l 1l 1l I 1l 1l 1l 1l I 1l 1l 1l 1l
1.5 1.55 1.6 1.65 1.7 1.75 1.8
M. (xE) (GeV/c?
x10®  E(1530)° > E+x 20<p_<2.4GeVic
o data +2/NDF: 68.8/42.0
% Voigt+Pol(2) Mean: 1.5332 + 0.000065
S i Pol(2) Bkg Sigma: 0.0036 = 0.000106
g Gamma: 0.0091 = 0.000000
P
C
3
(@)
o “‘o..‘ﬂ..ﬂ‘ﬂ‘
| - .I....I....I..‘..I....q.l
1.55 1.6 1.65 1.7 1.75 1.8
M._ (xE) (GeV/c?)
x10° 2(1530)° - E + & 40<p_<4.8GeVic
© —+—, data ¥2INDF: 76.1/42.0
> Voigt+Pol(2) Mean: 1.5342 = 0.000103
s 5 - ”Pol(z) Bkg Sigma: 0.0037 = 0.000168
g Gamma: 0.0091+ 0.000000
P 4 1
C
3
O 3
b
2
1
0 Hﬂ%ﬂﬂ++ﬂu++mmﬂn++1
P | 1 ., . 4. ] ., . 4, .1 . ., . . 1 ., ., .
1.5 1.55 1.6 1.65 1.7 1.75 1.8

M. (xE) (GeV/c?)

Counts / (4.0 MeV/c?)

Counts / (4.0 MeV/c?)

Counts / (4.0 MeV/c?)

%108 E(1530)° > E+x

1.2<p_<1.6GeVic

data x?/NDF: 51.8/42.0
Voigt+Pol(2) Mean: 1.5324 =+ 0.000087
*| Pol(2) Bkg Sigma: 0.0037 « 0.000141
Gamma: 0.0091 = 0.000000
o
~ by ”'.'-l-*,ﬂ. PP P
L. ||||1
1.55 1.6 1.65 1.7 1.75 1.8

— 0 —_
x10° Z2(1530) - Z+x

M._ (xE) (GeV/c?)

24< p_< 3.2 GeVic

data
—l‘ Voigt+Pol(2)

+2/NDF: 63.5/42.0

Mean: 1.5334 = 0.000050
Pol(2) Bkg Sigma: 0.0035 = 0.000080
+ Gamma: 0.0091 = 0.000000
————— T e e =" e e
| - s b ., . . . J ., . 4, ] . . . . 1 . ., .
1.55 1.6 1.65 1.7 1.75 1.8

x10°  E(1530)° > E+x

M. (xE) (GeV/c?

48 <p_<5.6GeVic

—— data
Voigt+Pol(2)
Pol(2) Bkg

+2/NDF: 53.0/42.0
Mean: 1.5343 + 0.000157
Sigma: 0.0036 = 0.000242
Gamma: 0.0091+ 0.000000

Counts / (4.0 MeV/c?)

Counts / (4.0 MeV/c?)

Counts / (4.0 MeV/c?)

%10° £(1530)° - E + &

Event Selection I8 Track Reconstruction I8 MC Correction B3 Final Result

1.6<p_<2.0GeVic

data
Voigt+Pol(2)
= | Pol(2) Bkg

+2/NDF: 62.4/42.0
Mean: 1.5329 + 0.000069
Sigma: 0.0036 + 0.000112
Gamma: 0.0091+ 0.000000

“WW’#"‘.#..I
M ] PR

165 S7 175 EX:

M. (nZ) (GeV/c?)

32< p_< 4.0 GeV/c

data
Voigt+Pol(2)
Pol(2) Bkg

+2/NDF: 47.1/42.0
Mean: 1.5337 + 0.000070
Sigma: 0.0040 = 0.000105
Gamma: 0.0091+ 0.000000

x10°  E(1530)° - E+x

“’MM"” -
1, . | s 1 . 5 4 1 . 4, 2 . 1 . 4 ‘. ‘l
1.55 1.6 1.65 1.7 1.75 1.8

M. (xE) (GeV/c?

56<p_<88 GeV/c

—j—_ data ¥2/NDF: 70.2/42.0
1.4 —ﬁVoigt+PoI(2) Mean: 1.5344 = 0.000189
— = |Pol(2) Bkg Sigma: 0.0044 = 0.000259
1.2 1 Gamma: 0.0091 = 0.000000
1
0.8
0.6
0.4
0.2 '
* bbb b bttt
0 4 -=--- 1 HI T T 4
-0.2 PR B PP S SR
1.5 1.55 1.6 1.65 1.7 .75 1.8
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Analysis Details

Raw yield

—h
)
o1

10*

Event Selection I8 Track Reconstruction I8 MC Correction B3 Final Result

 Raw yield distribution

I
25503

68051.3

90820.4

91243.3

133217

65227.5

26050.3

10176.6

7544.73
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Analysis Detail: Niig
> > >

e Corrections:

9
o
=
S
X

L]

2
2

>
©
-

<

e Reconstruction Efficiency

o
m
X
. o . 3 T &
e Trigger Efficiency (skip) S 10 e B
e Signal Loss (skip) £ f - -
LLI = . _
< | i
S x ]
 Reconstruction Efficiency: s [ 7
# of Reconstructed particle / # of MC True particle after Event Selection. 9?10_2
e Acceptance and Branching Ratio are calculated together. <

I IIII*I|

e All Reconstruction Efficiency through several multiplicity bins looks
consistent with in their stat.error.

— MB(0-100) -0 - 10

103 ~ 10-30 30 - 50

B A R s ST B B N N

I- o ] §1 05— o
g9 I i R D S " —
1 d@ _ Et’l“zgg S N‘r‘afw 2 1 1 g 1 —|:|t:_‘|:_ N s e : """""" —
NLI?NEL>O dydp NE physset  AprAyAMultiplicity percentile eprc (5.L.) éc"o.gsT _
i i
What we want to get Event Selection Reconstruction M C=Caorrection 2 2 3 4 5 6 7 ) (geV/c)
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Analysis Detail: N
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|||||||||||||||||||||||||||||||||||||-|||.||||||| o CorrecfedSpeC‘h’q
o ALICE Preliminary - . .
10 ) op INEL Vs =13 TeV, |y| < 0.5 * Assemble these values into final spectrum.
[ 91 -
E. Uncertainties: stat. (bars), syst. (boxes) E : . _ M ccl 1
- :.;“ 21530 + Z(1530) — Tt 4 T e Using the fit functions, such as Levy-Tsallis, missing parts (low pr, high
S ) pr) can be supplemented.
1074 Y E
- = 1 * Nextstep...
- :g: -  Repeat the same step for each event class.
107 =  Repeat the same step for each systematic variation.
- [ . ] £(1530)° + £(1530)° § .
| 2 - _
[ Lévy-Tsallis fit ) ]
10—6 [ |11 | [ 111 | [ 111 | [ 111 | [ |11 | [ 111 | [ 111 | I I‘I\I“J [ 111 | [ |
0 1 2 3 4 5 6 7 8 9
GeV/c
1 d@ trzgg INEL>0 Nraw 1 1

NV EL=0 dydpr NE physsel  AprAyAMultiplicity percentile epro (S.L.)

What we want to get Event Selection Reconstruction MC Correction
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Analysis Detail:

:I 1 | T | L | T | T | L | T | L | T | I g

— ALICE Preliminary =

10 op Vs=13TeV, lyl <0.5 =

P == = o 0.—= 0 -~

1L -~ =(1530)°+5(1530)° —

_1 7_’: \‘j‘.;\. 2 -

_’—'_ "%ﬁkl .:*:. 3 . =

>‘1O‘2='*='—" *\“ == =

10° &~ @@Egz’ =¥ =

= e = == =

107 E e e — =¥ =

107 4= =T : =

~ e =

10° = =

107 & VOM Multiplicity Classes ( dN_ /dn >|n| 05 \ —

= [ ¢ ]0-0.01 (x27) 0.01-0. 05 (x216) 0.05-0.1 (x245) =

1078 —— | + | 0-10 (x2"4) ¥ | 10-30 (x23) o |30-50 (x2/2) =

= [0 ]50-70 (x2M) [ ¢ |70-100 =

1072 = Uncertainties: stat. (bars), total syst. (open boxeSI —

o EI I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I | I I | | | | | .i

/\ B :-::-:'_-—I 2 " 7

LLI E = === aju §

Z — B S = S Sae S| S—— S S X | -

o L il STt b el e bl SCLEELLLL L E

- - Em%bmb:::m ]

49 _ E‘jc‘j —o——— _ | N

.c—U 10—1 = :‘:b‘: =

I - | PR RN R A T T TN S N TN SN M S AN N N I_I. I P | f A P I ] x
0 1 2 3 4 ) 6 / 8 9

p_ (GeV/c)

Event Selection I&d Track Reconstruction B8 MC Correction I3 Final Result

Final Resulis
e Adding Systematic uncertainties.
e Extract Total yield, Mean pr
-3
>\ 40 >_<1 OI | | T 1T 1 | L | 1T 1 1 L 1T 1 1 1T 1T 1 1T 11 1T 1T 1 |
§ C ALICE Preliminary ]
B 39 =(1530)° + £(1530)° = Ex* + = : —
- - 7% .
. Uncertainties: stat. (bars), total syst. (open boxes), %// ]
30 uncorr. syst. (shaded boxes) T
: 24 | -
25— 2 —
20— H —:
- pp: Iyl < 0 =
15 B @ o pp 13 TeV _
- o | pp 13 TeV INEL -
10— ) IEI 5] pp7 TeV INEL =
- 8 Eur. Phys. J. C 75 (2015) 1 .
S i ¢ ] p-Pb5.02TeV,-05<y <0 —]
— ® Eur. Phys. J. C 77 (2017) 389 ]
_I ] I ] I L1 1 1 I L1 1 1 I L1 1 1 I I | I I | I L1 1 1 I L 11 1 I L1 1 1 I_
O0 5 10 15 20 25 30 35 40 45
<chh/ d 77>|n|<o.5
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Focus on particle ratios: K* and ¢

Suppression vs Constant

(fm/c)
Mass Lifetime —
(55 KK

(48.9%)

896 MeV/c2

« Suppression of K*/K yield ratio in high multiplicity events (AA Collisions)

I | I I I | I I I | I I I | I
ALICE

p-Pb 5.02 TeV
Pb-Pb 2.76 TeV
ALICE Preliminary
pp 13 TeV

Pb-Pb 5.02 TeV
Xe-Xe 5.44 TeV

'

 Shows reducing yield trend from low(pp) to high multiplicity

1 =¢

_: e Yields in central AA collisions below Thermal model prediction.

e Constant ¢/K yield ratio

e Consistent with Thermal model prediction.

I I =l

W H i e ¢ lifetimeis ~ 10 times longer than K*

g EH | * Suggests Re-scattering of K* decay products in hadronic phase.
= HE -

I Uncertainties: stat. (bars), sys. (boxes), uncor. sys. (shaded boxes)

O_III|III|III|III|III|III|II

0 2 4 6 (d?V /d7170 >1/312 e Smoofth transition from pp to AA:

ch = 'lap’ln_1<0.5 — System size (Multiplicity) controls Resonance yields
t|meI

e Small systems

o K*/K vield suppression in high-multiplicity pp. p-Pb?

N\~

U

[ =
9
5=

(7]

c

©

S
fre)

(]

(7]

©
=
o

reeze out

K

(Mest) heelon vieles bee/mements changs

Inelastic Collisions (Pseudo-)Elastic Collisions
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Focus on particle ratio: K* and ¢ Nica

Suppression vs Constant; Theory?

(fm/c)
Mass Lifetime —

o9 KiK-

- (48.9%)
% K*n
K*(ds) m 66.6% 896 MeV/c2

B[ 4 xpp2.76TeV ALICE |+ EPOS3 with UrQMD
E 050 O wpp7TeV = Pb-Pb2.76 TeV -  (Re-)Scattering effects modeled with UrQMD [1]
" 0 0 Pb-Pb2.76 TeV (PRC 91, 024609) | |
% 04l -  The effect is more pronounced in K* than ¢
'% e Qualitatively describes the trend from low to high multiplicity in K*
O o3f
0.2
0.1F
- — EPOS3 -+ EPOS3 w/o UrQMD
« Thermal Model, T = 156 MeV
I I I I I I I I I I I I I I I I I I I I I I I I I_
% 2 4 6 8 10 12

1/3
(chh/d n)

[1] PRC 93 014911 (2015) arXiv:1509.07895 PNU-WorkShop - Bong-Hwi / 2021-02-25 17/17



Particle Yield Ratios

—h
<

Full Story: Particle Ratio in Resonances

Suppression vs Constant

(fm/c)
| | | | | | | | | | | | | | | | | | | | | | | | MaSS L]fetlme _'
1= =Y CS ] 1019 MeV/c? 46.3 N Y.S
— - (48.9%)
N 1 K*(ds K™ 77896 mevic?
e 1 Keds) EES
B Xx¥y ﬁh -
- ] L — —
S~ O YO o Fa K*9/K (x1.2)
B \ 1 a
e o/K (x0.08)
1072 — ' 1 .
_l | | | | | | | | | | | | | | | | | | | | | | | l_
0 2 4 6 8 10 12 14 16
1/3
(dN _/dn)
ch
ALICE Preliminary ALICE STAR
O pp ¥s=7TeV ® pp Vs=2.76TeV % pp Vs =200 GeV
o p-Pb s, =502TeV 4 ppVs=7TeV Y Au-Au S, = 200 GeV
O Pb-Pb s, =5.02TeV X p-Pb |5 = 5.02 TeV
— — — THERMUS
- = 5. Pb-Pb =2.76 TeV
T XeXe [5y, =544 TeV VS =276 Te — EPOS3 PRC 93 014911 (2015)

- - EPOS3 (UrQMD OFF) PNU-WorkShop - Bong-Hwi / 2021-02-25 18/17



Full Story: Particle Ratio in Resonances

Suppression vs Constant
(fm/c)
0 I EEEEE———————— Mass Lifetime —
g 559 KK~
..CB. (48.9%)
- % Ktr~

e s N K(ds) D . o 896 Mevicr
° | XX 5 | P (ua + dd) . (ﬁ)oyg 770 MeV/c?
= T S 0Y¥0 o KK (x12) |
= T — } 1 ¢ p - Short lifetime
05210_1 _ _ . Sup.p.ression of p/rx yield ratio in high multiplicity events (AA

- ] collisions)

) i e Same story as K*

i ] e Shows reducing vield trend from low(pp) to high multiplicity

i | e Yields in central AA collisions below Thermal model prediction.

1072 |— N ) SR8 e Hint of suppression in high-multiplicity p-Pb
T S S S T R T R VT

ALICE Preliminary
O pp ¥s=7TeV

o p-Pb |5y, =5.02 TeV
O Pb-Pb |5, = 5.02 TeV

oh Xe-Xe |s,, = 5.44 TeV

1/3
(N _/dn)
ch
ALICE STAR
® pp Vs=2.76 TeV % pp Vs = 200 GeV
¢ pp Vs=7TeV Y Au-Au |5, = 200 GeV
X p-Pb |s,, = 5.02 TeV
— — — THERMUS

NN — EPOS3 PRC 93 014911 (2015)

- - EPOS3 (UrQMD OFF)
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Particle Yield Ratios

Full Story: Particle Ratio in Resonances

Suppression vs Constant

(fm/c)
I EEEEE———————— Mass Lifetime —
1 T e K-
0 _ — 8.9%)
2679 ] \(uds) R STREY °~ ‘
. (22.5%)
_ % 71'
T ) 1 K 5] 4.2 S o 896 MeV/c?
, 0Y0 o 3 K*K (x1.2) _ T 7t 770 MeV/c2
I S Ry* “ | Pwa+ad 02 o
Lo e A(1520) - Short lifetime
107 — — ]
: l‘ﬂ"[‘ﬁ\ ST T3 e Suppression of A(1520)/A yield ratio in high multiplicity events (AA)
B A(1520)/A  _ o .
i 3 *E _ e No suppression in p-Pb region.
i | e Yields in central AA collisions below Thermal model prediction
— /K (x0.08
1072 — ' 1 o009 ]
[ T T e B B R B

ALICE Preliminary
O pp ¥s=7TeV

o p-Pb |5y, =5.02 TeV
O Pb-Pb |5, = 5.02 TeV

oh Xe-Xe |s,, = 5.44 TeV

6 8 10 12 14 16

1/
(AN _/dn)'®
ch
ALICE STAR
® pp Vs=2.76 TeV % pp Vs = 200 GeV
¢ pp Vs=7TeV Y Au-Au |5, = 200 GeV

X p-Pb (s, =5.02 TeV

— — — GSl-Heidelberg
m Pb-Pb|s, =276 TeV
— EPOS3 PRC 93 014911 (2015)

- - EPOS3 (UrQMD OFF)
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Particle Yield Ratios

Full Story: Particle Ratio in Resonances

(fm/c)
Mass Lifetime —

Suppression vs Constant

1 I I I I I I I I I __

p%/m (x7.0) E

"D L= KUK (x1.2) |

i — } |

107 — ,L ) ]
- l‘ﬂ’@\ 1 °

B A(1520)/A

L — ]

= |
| ' s =*/= (x0.08) -
[ |
S — /K (x0.08
102 — = ' 1 oI BOL8) ]
_l 1 1 | 1 1 1 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 l_

ALICE Preliminary
O pp ¥s=7TeV

o p-Pb |5y, =5.02 TeV
O Pb-Pb |5, = 5.02 TeV

oh Xe-Xe |s,, = 5.44 TeV

6 8 10 12 14 16

1/
(AN _/dn)'®
ch
ALICE STAR
® pp Vs=2.76 TeV % pp Vs = 200 GeV
¢ pp Vs=7TeV Y Au-Au |5, = 200 GeV

X p-Pb (s, =5.02 TeV

— — — GSl-Heidelberg
m Pb-Pb|s, =276 TeV
— EPOS3 PRC 93 014911 (2015)

- - EPOS3 (UrQMD OFF)

2(1530) EERERTA7%
(uss)

— 66.7%
Ar(uds) (IR » -

- (48.9%)
21.7 B4

(22.5%)

pui+ad) 1.2 77 770 Mevic

(100%)

=( 153())O - Intermediate lifetime

* No significant multiplicity dependent suppression.

e Lower than Thermal model prediction

e Systematically lower result in central Pb-Pb than pp, p-Pb

e Hint of weak suppression?
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Particle Yield Ratios

Full Story: Particle Ratio in Resonances

Suppression vs Constant

1 I I I I I I I I I I I I I I I I I I I I I I I I__

p%/m (x7.0) E

KK (x1.2) |

ﬁ X T/A (x05)

10 | — —

- [ff oo -

B A(1520)/A

L — |

t o~ |
i . E*/E (x0.08) —
[ |
- e /K (x0.08)

102§ - - ;¢ —

_l 1 1 | 1 1 1 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 l_
0 2 4 6 8 10 12 14 16

1
(N _/dn)'"™
ch
ALICE Preliminary ALICE STAR
O pp ¥s=7TeV ® pp Vs=2.76 TeV % pp Vs = 200 GeV

o p-Pbys, =502TeV & ppVs=7TeV % Au-Au |5 = 200 GeV

O Pb-Pb sy, =5.02TeV  x p-Pb |5, = 5.02 TeV

— — GSl-Heidelberg

o5 Xe-Xe (S =544TeV  m Pb-Pbys, =276TeV

(fm/c)

Mass Lifetime —

ALICE

o KUK

2(1530)

(uss)

1531 MeV/c2 21.7 IR

— (66.7%)
A (o) TR <

2*(uus, dd 2
(uus, dds) m g 1 MoV

(22.5%)

pui+ad) 1.2 77 770 Mevic

(100%)

+  X(1385) - Short lifetime

— EPOS3 PRC 93 014911 (2015)
PNU-WorkShop - Bong-Hwi / 2021-02-25

- - EPOS3 (UrQMD OFF)

Flat in pp, p-Pb

e Consistent with Thermal model prediction

No measurement in Pb-Pb from ALICE
 No suppression in result from STAR (Au+Au)

EPOS prediction: No suppression

Resonance yield is not only affected by lifetime

(48.9%)
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Particle Yield Ratios

Full Story: Particle Ratio in Resonances

Suppression vs Constant
(fm/c)
| | | | | | | | | | | | | | | | | | | | | | | | MaSS L]fetlme _}
1 ERERC)R 1019 MeV/c? TN KK~
im0 B(1530) KNG 21.7 K38 (48.9%)
— (uss) K- (66.7%)
—— 4 A*(uds) BN A7 12.6 P4
i — — (22.5%)
N~ 0Y0 O o% KK (x1.2) | X*qus. dd 2
i —% ) ) (uus, dds) -igw) 1387 MeV/c
%k 7[ 2
’}‘* R 71“7 >*/A (x0.5) K (ds)m (66.6%) 896 MeV/c
107 — — — G+ dd 1.3 TTTT 770 MeV/c2

B %‘ﬂ’{ Nz% — P (ut +dd) - (100%)

B A(15200A | ©  Qverview

i ﬁ — j _ e No energy dependence for RHIC to LHC

X
i ‘ '\ﬁ 27/ (x0.08) — e EPOS3 with UrQMD describes the result qualitatively.
u . . . . .
o | — — o/K (x0.08) e Lifetime is not the only consideration

[ ' ' [ ] . .

_l | | | | | | | | | | | | | | | | | | | | | | | | | | | | l_ . Qe_SCO-I--I-erlr.]g VS Re_genera-l-long

0 2 4 6 8 10 12 14 16 . . .

d Nch/d 77>1/3 e Different scattering cross-section
ALICE Preliminary ALICE STAR
O pp Vs=7TeV ® pp Vs=2.76TeV % pp Vs =200 GeV
o p-Pb |s,, = 5.02 TeV ¢ pp Vs=7TeV Y¢ Au-Au |5, = 200 GeV
O Pb-Pb s, =5.02TeV X p-Pb |5 = 5.02 TeV
o Xe-Xe |s, =544TeV W Pb-Pb s, =276 TeV — EPOSS PRC 93 014911 (2015)
PNU-WorkShop - Bong-Hwi / 2021-02-25 22/17
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Strangeness Enhancement in Resonances

Mass Lifetime —
=(1530) | ntE

(uss) (66.7%)

>*(uus, dd A 2
(uus s)—(87%) 1387 MeV/c

 Strangeness enhancement in small systems

e Does it really come from the strangenesse

e How about baryon number, masse

() [ [ 1 1 | o _
dA - ALICE Baryon numbere
o =z 2_.|:>p,\@=7TeV
g - C.)p-Pb,M=5.02 TeV . Mass? -
= -
£ 15
< i
1_ ________________________
_ ]
i _
. - Q 1672 3
0.5 ] B = 1530 2
10 >+ 1385 1
dN /d
< ch 77>|77|< 0.5 = 1322 2
A 1116 1
D 938 0
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Strangeness Enhancement in Resonances

ALICE

=(1530) |M"“S'°' itetime .- * Sirangeness enhancement in small systems
(uss) (66.7%) e Does it really come from the strangeness?
X ¥(uus, dds) T A 1387 Mevicr 4 J
(87%)  How about baryon number, mass?
o | | T T o o _
dA - ALICE Baryon humbere - X
8§ Z o, ®ppis=7TeV  Double ratio for p/mis 1
B  Op-Pb, \s, =5.02 TeV . Mass? -
< - ® |
~— : []
B 15+
S I
1_ ........................
_ i
= _
=g : Q 1672 3
0.5 o _ ) 1530 2
10 5+ 1385 1
dN /d
< ch 77>|77|< 0.5 ) 1322 2
A 1116 1
D 938 0
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Strangeness Enhancement in Resonances

ALICE

5(1530) |M"“SS itetime .- * Sirangeness enhancement in small systems
(uss) (66.7%) e Does it really come from the strangenesse
S(us, dds) [ 72 1387 mev/c: i o
(87%)  How about baryon number, mass?
) | | T T ] o o
dA - ALICE : Baryon humbere - X
5 £ o ®pp \'s =7 TeV Eﬁj EﬁT  Double ratio for p/mis |
B  Op-Pb, \s, =5.02 TeV EH] _ . Mass? - X
= - @D - | | _ a _
— - WA (@; e 2(1385)is heavier than E but follows A, E(1530) follows =
g’ 1.9+ . 4 -
I ¢
N "
_ _
I _
4 - Q 1672 3
0.5 B = 1530 2
2" 1385 1
n|< 0.5 = 1322 2
A 1116 1
D 938 0
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Strangeness Enhancement in Resonances

ALICE

=(1530) |Mas'°' itetime _.z— * Strangeness enhancement in small systems
(uss) (66.7%) e Does it really come from the strangenesse
*(uus, dds) [ER A 1387 Mevicr 4 J
(87%)  How about baryon number, masse
() | | T o o _
dA - ALICE : Baryon humbere - X
g Z ol ®pp. Vs =7 TeV Eﬁj EﬁT « Double ratio forp/mis 1
B  Op-Pb, \s, =5.02 TeV EH] il . Mass? - X
= - ®p - | | a . .
— - WA (@; e 2(1385)is heavier than E but follows A, E(1530) follows =
£ 15 o =
: B | [ ] [ ]
~ - ~1 * Solid conclusion:
. o O Enhancement in small system comes from Strangeness
1_ ____________________
: ] Baryon MEEE
_ﬁ' | (MeV/c2)
I . 0 1672 3
0.5 B g 1530 2
2* 1385 1
n]< 0.5 =) 1322 2
A 1116 1
» 938 0
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Summary Ny

I I I I ~ * Resonances are useful tools to probe the characteristics of the hadronic phase.

e Various masses, lifetimes, particle types, strangeness...

e ALICE has measured arich set of resonance particles in various systems.

e An Example of Resonance Analysis was shown.

- e From the Event Selection to the Final spectra.

e (Non-)Suppression of Resonances in large collision system

e Short-lived particles (p, K*, A*) - Suppressed

e Re-scattering > Re-generation

e X(1530) could be suppressed

e Long-lived particles (d) - not suppressed

» Llifetime is not the only consideration (2(1385))

« Strangeness enhancement in p-Pb was due to the strangeness, not mass, baryon number
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Summary

I I I I -+ Resonances are useful tools to probe the characteristics of the hadronic phase.

e Various masses, lifetimes, particle types, strangeness...

e ALICE has measured arich set of resonance particles in various systems.

e An Example of Resonance Analysis was shown.

- e From the Event Selection to the Final spectra.

e (Non-)Suppression of Resonances in large collision system

e Short-lived particles (p, K*, A*) - Suppressed

e Re-scattering > Re-generation

e X(1530) could be suppressed

e Long-lived particles (d) - not suppressed

» Llifetime is not the only consideration (2(1385))

 Strangeness enhancement in p-Pb was due to the strangeness, not mass, baryon number
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20%/(* + 7))

p(770), (1385)™

B | | | | | | | | | | | | | | | | | | | | l/
0.18|~ ALICE Preliminary - & | | | | R
B -Pb at \/S =502 TeV | + - GSI-Heidelberg model ]
0.16[— ¢ b NN 1 < 0.3F T.e156Mev ]
N p— ', lyl <0.5 _ N Yt THERMUS ® ALICE, p-Pb, \s,,, = 5.02 TeV-
cuUrR . Tl - >\O o5 - To=198MeV o ALIGE, pp, Vs = 7 TeV (INEL):
0.12|- — _THERMUS = 4 [l V-& L oo pPb, DPMJET 4 STAR, 0-Au, |5 = 200 GeV -
B '~ 1 i
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A(1520), 2(1530)°
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ATT in RHIC

B. I. Abelev et al. (STAR Collaboration) Phys. Rev. C 78, 044906 ,t = 1.6 fm
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®, K* Mean pt in RHIC

B. I. Abelev et al. [STAR Collaboration], Phys. Rev. C 79, 034909 (2009). arXiv:0808.2041
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Particle ratio ®/K

J. Adamczewski-Musch et al. (HADES), Phys. Lett. B 778, 403 (2018), arXiv:1703.08418.
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