ALICE

Energy and centrality dependence of
resonance production in heavy-ion

collisions at the LHC

Anders Knospe (University of Houston), for the ALICE Collaboration

\
Inelastic Collisions | (Pseudo-)elastic Collisions o
1 M Otlvatlo n hadron momenta hadron momenta change, 2 _ Reso nan ces Stu d Ied e > K=
and yields change but most yields fixed SS B.R.=48.9%
| . e WL
Hadronic resonances can be used to study... \>) K* - Light-flavor hadronic resonances =1019 leewcz—" K+
. : 7=46.5fm/c
] Strangeness pI‘OdUCtI.OI‘I _ S K/ Regeneration: pseudo-elastic scattering ) Va”ety of masses
(enhancement, canonical suppression) = =5 through resonance state = - Different lifetimes: 1.3—-46.5 fm/c %0 =
. o i i . . . — LT
- In-medium energy loss S £ g 7 /Increasesresonanceyield g o On the order of the lifetime of the fireball -
. . -+ (- .= o
- E”|pt|C ﬂOW % % g - . = g - Baryons & mesons e MV/2> -
i a . . m = ev/c
- Effects that shape hadron p; spectra < K* >(\*Z - - Different strangeness content (0, 1, 2, hidden) ;- 22 fm/c
(hydrodynamics, recombination, ...) K - Reconstruct common hadronic decay modes
- Modification of lineshapes Re-scattering: elastic scat;ering - - Measured in pp, p—Pb, Pb—Pb, and Xe—Xe [2] A(1520) > P
- - QGP-Hadron G smearsoutmass peak || T T e .
(e_.g., sh|ral symmetry restoration) Ao | > reduces meastredireeon TR Il:re: - Compared to ground-state hadrons udS_Ef-.—ZZ-S /o
- Spin alignment [1] N 0 n_acrons - Future studies of K*=, f,(980), =0, =(1820) = 1520 Mev/c2> K™
- Properties of the hadronic phase 7 > >\ r=12.6 fm/c
Regeneration and re-scattering change resonance yields. K Tt 0 K*0 ¥ St
Final yields depend on chemical freeze out temperature, Yields of long-lived A P e P T e > T >t
hadronic phase lifetime, resonance lifetimes, and hadrons fixed Re-scattering: pseudo-elastic scattering —> ““j—dd B.R. =~ 100% dS B.R.=66.6% dds B.R.=87% UUS B.R. =87%
hadronic scattering cross-sectons . T »  through a different resonance state BN G Tt eE ey A ey
> reduces yield of original resonance m _770 MeV/c2= " m —_896 MeV/c2 = KY m __1387 MeV/c? m=1383 MeV/c2> A
r=1.3fm/c t=4.17 fm/c r=5.01fm/c 7=5.48 fm/c
\. /L Y,
4 . N\ [ . . . \
3. Resonance Reconstruction 4. Particle Yield Ratios 8, memi Ao
- Find invariant-mass distribution of pairs of decay products - Ratios of p-integrated resonance < ot ALICE Prelminany, © | 00 Pb-Pb276TeV (PRC 91, 024609)
- Combinatorial background: like-charge pairs or event mixing yields to long-lived hadrons N £
- Describe residual background (correlated pairs) with function or cocktail - Plotted as function of charged-particle .- O — O-oaf
- Describe peak with Breit-Wigner or Voigtian peak multiplicity at mid-rapidity N3 j?\'\\ _ ozl
Voigitan: convolution of Breit-Wigner and Gaussian, accounts for detector resolution —>proxy for system size cosf- O, W Po.PORE | L o
- New results: K** & ¢ production in Xe—Xe collisions at Vsyy = 5.44 TeV [2] - Suppression of p°, K*0, & A(1520) UL st - Thermal Mode, T, = 186 MeV
I e P e L w.r.t. pp and thermal model values L I B T S S
E 801 Q:I:::O \/T Im;n:;yTev (0-30%) | EOIS ) Q:ff:o \/PsrT(,aNhLn ;‘:?Tev 0-30%) _ E > Q:gglrlg_;::?lg:;ymv (0-10%)_ esuggeStS re'Scattering of decay o (AN/dn)™ (N /dn>
§ Ko g e BN g 4 T 1 <p<13Gevic,ly|<05 | products in hadronic medium T S I e omiarrere ]
= = [ - oS B . . . S | = Pb-Pbys, =276TeV Mpp is=7TeV , [ ALICE, INEL ® ALICE Preliminary |
P 60-— 165 Py <20 GeVie ] 04 -4 = 3F . \[;ata (Statl-(‘]jnc-) B %H'ﬂt Of K*O SuU ppreSS|On IN o L :gbpgb\s\Ns'jfgieT?e/v [\I-]/O 8; ------- E\F;#SJ\%((ZI\TS) " 2013) GSl-Heidelberg -
5 S *2 - — Voigt peak fit 1 . - Z i iN ) O/\\ L - _Sozor:j/ _Tch=156MeVg
I 18 S - Res: bacgound high-mult. pp and p—Pb collisions = | o oZ™Ei™ G Ty P e
) e | 0ol t65p<z0GeV ) : - No suppression of ¢ - %‘ H Sse w 0.6p T TEE
®oey | e Data (stat. uncert. . . . i \\\ """"" [ " DPMJET — SHARES
o0 |—* o Uslike—charge pairs | i —Br;it-ilvtig;er Pea:k)Fit %Ilves Ionger5 decays OUtSIde flreba” I iﬁ H \\\\w """"" | O 4_ -
ST T S LR St LR AL - Possible weak suppression of =*0 005 1 oy il ] '; %& e R
06 08 1 1%” ) (G;\.?/CZ) 0.8 0.9 v (G;V/CQ) 1 1.02 1.04 1-0% K}:-(%8ew;2-)1 W.r.t. pp collisions - GStHeidelber | H 0_2:_ H ; ° |
k ) - Measurement Of *i in prog reSS, ------ ;’HARE;B MeVy 1.63, v, =2.08 lLJJrr]wgoerrrt.a;r;tsiss;ﬁ;egéébggs()éss)ys. (boxes) ]
. Lo | el P b M AT IR B BRI B B
g no suppression seen by STAR [5] L % 2 4 6 5 10 12 14
5. New: K*0 & ¢ in Xe—Xe Collisions - Ratios do not depend on energy el WNfa13 o
| | . .
o _ (RHIC—>LHC) or collision system Not suppressed  Not suppressed Not suppressed
- 1.3 M collisions recorded in 2017 [2] _ Suppression trends qualitatively in d—At\i’(STAR) in Au-Au (STAR)
- K*0 (¢) extracted in multiple centrality classes up to py = 12 (10) GeV/c .
Yielc(i(ls)and mean valugs consister):t with thosg In II;L Pb c(olli)sions for described by EPOS [6] Resonance: po Am o KT I AlS20) =T ¢
similar charged paﬁiTcle multiplicitios >includes scattering effects Lifetime (fm/c): 1.3 1.69 417 5 126 22 465
] _ .
ALt T modeled with UrQMD N s possine wea
) B ALICE Preliminary - Q - 10% x 30% 1 suppression
3 mﬁf e a1 e 00 Eeee e \ y
A ey ¥ <05 O ]
O 1FTHy m* L0 —~ 10 £ wmmy ALICE Preliminary =
- o K 3 ; —a Xe-Xe, Sy = 5.44 TeV 7 4 ™\
Q 107"k CF e E > 1 E
g S S T, : 6. Mean Transverse Momenta
>~ _2.— = N = E . . . "
s 107 R : S == e - Mass ordering of (p;) values in central Pb—Pb collisions
“C 0 % ° ] < 107F — | e 1 *0 T : : . :
107 . = ool == : K*, p, and ¢ have similar (p;) values: consistent with hydrodynamic behavior
S -+ 0-30% = 30-50% | ] M3 I 5 : C :
Z 104+ s70% + 70.00% el : - Mass ordering broken for smaller collision systems (pp, p—Pb, peripheral Pb—Pb)
s Ureeramtis:iat. (bas) st (bores) _ Uncortaintes: tat o), st (009 Resonances different from long-lived particles? Baryon-meson differences?
Ev b b b b e b 13 - A IR ISR SRR NRN SA RN RN
0o 2 4 6 8 10 12 T2 T4 e 8 o’ (pr) ordering:
_ p. (GeVic) Py (GeVic) ) PP: p<A5 <|>zE [7]p-Pb: p< /A =K* < <E- Central Pb-Pb: K** = p = ¢
§1-8_ T I L B B L B R T L N /G _|||||||||||||||||||
E ALICE Prellmlnary pp Vs=7 TeV % ] § ol ALICE, p-Pb \/%:5.02 TeV Q_ | S 14—_ ! ] % _—
~N o 1.6: ly1<0.5 % | > - 8 - ‘ Q i ® -
'7. Nuclear Modlflcatlon Factors R e boo on | ool -
H h ALICE Prellmlnary | | | 1ol @ @H@aﬁ @& N 3 - :]’ i} oz ? o O 3 1 ]
Ig pT Pb-Pb |5, = 5.02 TeV (0-10 %) @ @,@x@”@/@/ . ¢ . " - L4 A & & & &
. At - M o _ o P B ]
- All light-flavor hadrons (and D mesons) | @@@ C . i SETY RS 0.8" :
suppressed by similar amounts R P S E ' o P o 06 ', v 4w e
*() " . . :,jjﬁi-/”" B 4 K S ] o b - + o 0 — _
- G pp, for K*© consistent with unity os = - 0.5 " W% : 0.4 ¢+ AK+K w K® «p+D 09 =
T o 8 . i e NN (N [ AP L s - . - ALICE Preliminary 5
Intermedlate pT 04— - - ] I Uncertainties: stat.(bars), sys.(boxes) x ] 0.2 Pb-Pb\/%:&OZTeV —
o - elrter KK ipep 0K K* 4K+ 0 — : e '2 E Uncertainties: stat. (bars), sys. (boxes) E
- Baryon-meson splitting 02 0y EA FEeT BT - 10 10 R T T
- Mass ordering among mesons o L (AN /A, 0 1 <o (AN Jdm) o
- Differences between p and ¢ are due to \ el Wios Y
differences in the pp reference spectra —————— |
L o 1.4 ALIC\EPreIiminary — ( \
Pb-Pb \s = 2.76 TeV (0-20%)
i | [ 8. Summary
- Hints that p® and K*® suppressed more o E .
. B PL B736,196 (2014):
than other mesons - re-scattering? 0.8 on +K 4p - Centrality-dependent suppression of p, K*0, & A(1520) may be due to re-scattering of their
Other Observations " norm. uncertainty decay products in the hadronic phase; qualitatively described by EPOS with UrQMD
e . 0 - _ .
- No significant change in Ry, values of K*0 o4 N ) - KN*?W pdapsrs )?n p))( & A”(1 520) In Pb. Pb to bi rsLeangd soon (arX|v.1805.]£)4365.& 1 I805.04361) |
and (I) at LHC energies (2769502 TeV) 0_2;# %_ — =E - \ an ((:II) In. e—f e COf |S|0nSt. CIOEEISJI[DGSJ[ WltI t d—f meisurern.ents or ?Iml ar SyStem Size
- K*0 Ry, R, in Xe—Xe & Pb—Pb consistent ¢+ - Mass ordering o (p7) for central Pb—PDb, vio ated for smaller collision systems
o P O e o(Ceve - Comparison of resonance R,, values to long lived hadrons:
 qgf ALCEPrelminary : o< | No species dependence at high p, baryon-meson splitting at intermediate py;
Qﬁ | VOA Q. PP {5y = 5.02, [0-20%], -05 < y, < 0.0 ] 1k I .................................................................... . . * i’ . . :
& 8L PP e sz Tov (0 10809051 b, <05 ° | RS - - Forthcoming measurement of ~** will give a complete picture of resonance suppression
1 4F " Rep Xe-Xe {5y, =5.44 TeV, [(0-30%)/(70-90%)], ly, | < 0.5 ] I o Xe 15— WV 0.30% - - _
oF K*°, Uncertainties: stat. (bars), syst. (boxes) ] 0-8_‘ .zbﬁbg;ggz;a\\;’ 20325;)_ REferences Related ContrlbUtlonS at QM 201 8-
T o= I I SR evyes 00 PR 0.6k K, ly| <05 : 1]: R. Singh (ALICE), QM 2018 (15 May) Talks: A. K. Dash, 14 May D. S. De Albuquerque, 15 May
0.8F ] - +1 2]: F. Bellini (ALICE), QM 2018 (16 May) Posters:
0.6f HT 1 0.4r t 1 o 3]: ALICE, PRC 91 024609 (2015) A. Lorenzo: f,(980) in pp A. Khuntia: K*% in pp
0.4] | - 1ol ! T t| 4]: ALICE, PRC 95 064606 (2017) K. Garg: K*=in pp D. Mallick: K*° and ¢ in p—Pb
0.2F ! E 5{3 Uncertainties: stat, (bars), syst. (boxes) : SJ: STAR, PRC 78 044906 (2008) P. Sahoo: K**in pp S. Tripathy: ¢ in pp
I e T Qb :6: A. G. Knospe et al., PRC 93 014911 (2016)




