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CMS results Wlth Y(nS) suppressmn
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Using n,, the CMS and now LHCb measured suppression of the Y(nS)/Y(1S) ratios
There are also complimentary ALICE results, w/o obvious suppression at high
rapidity, but with much lower statistics.

ATLAS used another approach to look at the data



Multiplicity dependence on Y—-momentum

ATLAS CONF 2022-023
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Multiplicity is different for different Y(nS) states

Can’t be explained by feed downs or p;, conservation
Pythia has no effect like this

At the lowest p+, where the effect is the strongest:

Y(1S) —Y(25) Mn) =36£04  129% of (nii*®)
Y(1S) = Y(35) Mne) =4.9£ 1.4 17% of (nii*®)

It diminishes with p+, but remains visible at 20-30 GeV
And actually above that as well



Kinematic distributions of Y(15)
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Kinematic distributions of the differences
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One cannot measure the UE, but
pPr< 4 GeV is the closest to it, jet
part that is correlated to Y(nS)

Subtracted distributions look like
UE at rather high Y(nS) p+. At the
highest p; there are feed-downs

Away from jets there are regions
with charged particles

The effect is related to the UE



Where are the differences coming from?
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Is it a deficit for Y(nS) or an excess for Y(15)?

ATLAS-CONF-2022-023/
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How large is the UE in the presence of Y (nS) ?

Inclusive pp collisions: (nq) = 14
Drell-Yan with 40 GeV <m < m, (nq) = 24 — 28
Jets with leading particles m < %my (nop) = 27

On the other hand, a p;— dependence of the 4{(n_;)
points to the modification of p; spectrum. What shall be
the p; spectrum of Y (nS) ?

Basic assumption:

If particles have the same quark content and the same
mass, they must have the same kinematics.

For small Am between particles one can use m; — scaling



LHC data for my - scaling

d —n Only mesons
do [1 L y
dmTy n
e e ot e o . 4 LHC experiments
S !{:‘; o} 7TeV 1 8 TeV | 13 TeV |
= ot 10 Rl 1 /s =7,8,13 TeV
s | 4k 1 L i
10° B 1032 B 1035 3 - .
s|E | 1 1 F | 18 species + iso-
=& 10r 1L .. | partners
1073 "‘v_ \ w1078 —107% 237‘-,@.*}: =
- w1 1 r %3 _
1ok e =" .. 1 72 data samples with
o @. 1 e ' 1 1509 data points
g . 5 ]
0.4 ..3;;.‘ — 04 85@% - 04 Cp% n++
I I gpf Py i ’f# | . ] )
1.4 A * 1 15 quarkonia ratios with
G 1] — ey 327 data points
pr [GeV] pr [GeV]
T Is fixed to 254 MeV
Sasha Milov Soft-hard correlations in small systems Sept 28, 2024, Soft Jet 2024, Tokyo 8



Spectra

-n
do o [14m < |
dmTy nT

Open flavor mesons (c||¢ and b||b)

do

has harder spectra (lower n)

LHCb data (high-rapidity) are

typically higher than midrapidity data 5

Excited quarkonia ((c&)* and (bb)") 4

have lower n

u,d,s & gqg are fit simultaneously
n = 6.65 Vs =7 TeV
n=6.34 Vs =8 TeV
n=>5.44 Vs =13 TeV

at high p-

PRD 107, 014012 (2023)
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Quarkonia ratios: expected &

Normalized at py > 50 GeV
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Quarkonia ratios: expected & mea

Normalized at pr > 50 GeV
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Quarkonia ratios: expected & mea

Normalized at py > 50 GeV
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Bringing pieces together
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Charmonia suppression pp

LHCb measured W(2S)/ J/¥
For prompt and no form non-prompt
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Charmonia suppression in pp vs p+Pb

Y(3S) relative suppression consistent with "
the dissociation of the feed-down source “
from y,(3P) decays.
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Y(3S)/ Y(1S)
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Cross-section calculatlons

10

10

p+p—-Y(18), \s=7TeV, |y| < 2.4
] ICEM, F_ . =0.0141

1T Y(18)
| |CEM
CMS data

p+p-Y(3S), Vs=7TeV, |y| < 2.4
FT(SS) = 0.0229

Ll LiL

p+p=T(2S), Vs = 7 TeV, |y| < 2.4
Frps = 0.0144

ICEM

—
III|

1 1 lllllll

do/dp_xBr(Y —sup) (nb/GeV)
=

» (CMS data » CMS data

1 Illllll

1 1 Illllll

T
T

T
T

do/dp_xBr(Y —suu) (nb/GeV)
=

Y(35)

do/dp_xBr(Y—sup) (nb/GeV)

10—4............1.... 10—5...ll-...l....l.u.l.... 10—5..l.|l..l|.l..|....|....
0 10 20 30 0 10 20 30 40 5( 0 10 20 30 40 5
P, (GeV) p. (GeV) P, (GeV)

=N 000000 NLODirect 1§ NLODirect {f e NLO Direct | PRD94, 014028 (2016)
1071 Yas) oo NLO Feeddownls Y8y~ NLO Feeddown | | Y(3S) === NLO xu(3P) ] PPNP 131, (2023), 104044
N —— NLO yu(1P) i{ —— NLOXui(@P) i, — NLO yy,3P) | i .2305, ](-3177),
2k N N, NLO xno(1P) JIN™%, - NLO x2(2P) NP\, eeee NLO x1,(3P) arAiv: .
; NLO ATLAS if "\ NLO ATLAS 1F "\ NLO ATLAS -

ATLAS Data || ATLAS Data || ATLAS Data |

10-3-

107 3

L VS=7TeVandlyl<1.2 =
4F for ATLAS Collaboration

SSiomil VS =7TeVandlyl<12

105. VS=7TeVandlyl<l2 :
F for ATLAS Collaboration

¢ for ATLAS Collaboration

do/dp,xBr(Y (nS)-pu* ™) (nb/GeV)

10 20 30 40 50 6 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70
pr (GeV) pr (GeV) pr (GeV)

Sasha Milov Soft-hard correlations in small systems Sept 28, 2024, Soft Jet 2024, Tokyo 18




EPJ Web Conf. 276 (2023) 01017

How it can look like Iin larger systems

Core + corona: Y(1S) resembles other
particles, or we can’t say better
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QGP signatures in small systems
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All strange-to-non-strange
particle ratios go up

And K*/K ratio goes
down...

It might be that the effect is wider than just quarkonia
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Comover Interaction model

o _ EPJC 81, 669 (2021)
Within CIM, quarkonia are broken by

collisions with comovers — I.e. final state
particles with similar rapidities.
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CIM is typically used to explain p+A and
A+A systems, although recently it was
successfully applied to pp.
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It looks like the effect isn’t limited to only Y(nS), at
least y. can be affected as well, and possibly W(25)
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Summary

Excited(gqq)*states are destroyed in pp collisions by interactions with the UE

Only ~60% of Y(2S) and only ~40% of Y(3S) emerge from the pp collisions at
the LHC energies, based on what should be there from measured Y(1S5)

m+ scaling analysis hinted at suppression of W(25), recently observed by LHCDb.
Other particles can be affected as well, ground states, or even even K*

At the moment we do not know much about the observed phenomenon, but
many signatures can be measured and not only at the LHC

Comover model explains it, but to validate its correctness one needs to (at least)
measure 2PC. More theoretical guidance is badly needed
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one more track
about two more than the Y(35)

melVits results Wlth Y(nS) suppressmn

PbPb 1.61 nb , pp 300 pb (5. 02 TeV)

o o o o C = T T i
Oc?‘ 'T |\‘) of% __ ‘mo 0453_ CMSpp'.s E?BTEV CMSpr\S _502TeV E 1.2~ p. <30 GeVic CMS —_:
: O +3 |= E O Y(28)/7(18) ® T(25)/7(1S) ] lVl <24 T
S - ﬁ fé\ fé\ ol 0'4:_ Y(3S)/Y(1S) = Y(3S)/Y(1S) I I | o [t
- 2 2 ~ 3 E 1
sb tﬁ’ e 035" | i Y(1S) (2015 PbPb/pp)
[ e o o 03f | Val<193 5 0. .
2l [ T B ST ! 4 " ves !
: + v Ss@| 9 % . 1 Xos ¥(@38) ~4
QL ] &8 - E T
I ha S == 3 02F f I
—gE § d o - 3 [ T
SH 4 2 5BE| o E ® ® ®m ]
- ; o : * | : % 4
L < - —
g = i fcir ’i i U.‘IE . . ; 0_2_ o —
W N » C 3 0
L r A 22 0.05f ] - Ky o - - e T
g j JHEP 11 (‘2:9—20) 001 !A c c S o | | I JHE|P| IO4 (2014) E_'OS 0 1111 | L 111 | 1111 | I | ‘ 1111 | 1111 | 1111 ‘ 1111 | 1
8 Nyocke ( part>
CMS:

Y(1S) meson is accompanied by about
than the Y(25)

and

If we expect a suppression of the excited states at high multiplicity, it would also appear

as a shift in the mean number of particles
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ALICE result on forward Y(2S5)/Y(1S) vs. tracks at midrapidity shows rather
different behavior when guarkonia and multiplicity measured at different

rapidities

Statistics is too low to warrant any gap dependence
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Common fit
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Kinematic distributions
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Kinematic distributions
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Soft-hard correlation< in small svestems

Distributions for Y(15)
Pythia does not describe well

One cannot measure the UE, but
pr< 4 GeV is the closest to It, jet
part that is correlated to Y(nS)

Subtracted distributions look like
UE at rather high Y(nS) p+. At the
highest p; there are feed-downs

Away from jets there are regions
with charged particles

Cant 28 2024 Soft Jet 2024
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Signal extraction
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Signal extraction
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Define 3+2 regions

Bkg shapes are similar —
interpolate
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Signal extraction

 Define 3+2 regions

(P(my™)\ [ 1 - for foo 0 O 0 \{ Po
P(mi*™) ki (1-s1) st 0 0 (1-k1) (1—s1) P(T(15)) o
Pmy*) [=|ka(1=s2—fa—f3) fu s2 fiz (1-k) (A —s2— far - f3) || P(Y(2S))| * Bkg shapes are similar —
P(mg‘u) ki (1 —s3— f32) 0 fn s3 (1- k3) (1-s3— fgg) P(T(:‘}S)) interpo'a’te
\P(m}*)] \ 0 0 0 0 1 J\ Py |
] ATLAS Prefinfinary | 5 [ ATLAS Preliminary — 1° Bkg subtraction for
A pp13Tev, 139107 | 5§ [ pp, 13 TeV, 139 b S &5 ] Y(1S) and Y(35)
i HLT p/"*%>(6,4)GeV | & [ HLTp/"**>(6,4)Gev & S 1
I {OspT“”<12GeV | O 9105p““<12GeV ly"*l< 1.6 my*
ly*“l< 1.6 i )ﬁmq% o e m
. data ghﬁ:dco . m;ﬂ(xz)
—fits 105 ¢ "0, o 0 e emit
.: QQ .... f\l v m;ﬂ(xa):
: ™ :;;;éi;;fixf :&mz .ﬂ :
I ¢ @ %0000, .'(:OGOQ |
i :3’” "1»,‘ %, & |
* ’0’. % OOO
104
me I m sz#E mi | m ; ‘ | ’»‘0" | ....\:‘or)p ;
9 1 0 50 100



[GeV ]

dn/dm “*

(P(m{™)\ 1 - for for O
P(mi") ki (1-3s1) s1 0
Pmy*)|=|ka(1 =s2— fa1— f3) fau 2
P(m&"™) k3 (1 —s3— f32) 0 fx
\P(mh*)] \ 0 0 0
I 'ATLAS Prelininary |
yay pp, 13 TeV, 139 fb™
- HLT p“"*? > (6, 4) GeV
10 < p"< 12 Gev
I ly*“l<1.6
o data
07 —fits
mouﬂ m]’u# mzwg m;.u mr
: | . [
9 1

Signal extraction

0
0

f23

53

0

10*

0 \( o

(1—ky)(1—=3s1) P(Y(1S))

(1-k2) (1 = 52— fo1 = f23) || P(Y(2S))

(1=k3)(1-153— f32) P(Y(3S))

1 J\ Py )
L ATLAS Preliminary o -
- pp, 13 TeV, 139 fb S &5 :
- HLT pT*”f”2>(6, 4Gev 8 ®& .
" 10 < pT““< 12 GeV, ly"“1< 1.6, mM
- e 5 e m;m i
f'r—\"o. m/“(x2)
A o e emgt
T a0 mi6a)
KN %R I
- " e, " ) e T
. {.'v’@ ”’”‘0" t'ﬁi_ .0. |
‘0 Ny ..
. s ’0’ . o,
] ‘ ”’ * u ... ]
C e (T . . ]
- ¢ o '.. N
e’ | 0’0 | _!\l! e __
50 100

nch

Define 3+2 regions

Bkg shapes are similar —
Interpolate

Bkg subtraction for
Y(1S) and Y(3S5)

After subtraction n, look
different
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Signal extraction

Triggers are all combined together *  Define 3+2 regions

Pileup is constructed from mixed events and is either directly
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Non-linear effects are also accounted for
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EPJC 80 (2020) 64

vertex
rejection

<
i track acceptance

iselection

Sacha Milov

The pileup story

Start with the triggered
event, called Direct

In the same run search for
events with at the same y

Build Mixed event from tracks
with vertex pointing |w| <
0.75 mm to the Direct event

If the other vertex is within
15mm of the Direct, discard it

Soft-hard correlation< in small svestems
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Analysis
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https://link.springer.com/article/10.1140/epjc/s10052-020-7606-6

Analysis in brief

Entire ATLAS Run-2 data: 2015 — 2018, Vs = 13 TeV, 139 b

Full luminosity data constrained at y < 50 (fake production) and then at v < 20 in 40 intervals
Y(nS) are reconstructed as di-muons

6 different di-muon triggers with muon p; from 4 to 11 GeV

Y(nS) kinematics |y| < 1.6, 0 < p; < 70 GeV where we ran out of statistics

All together after cuts: ~5 x 107Y(1S), ~107Y(2S), ~7 x 10°Y(3S)

Charged hadrons kinematics |n| < 2.5, 0.5 < p; < 10 GeV, fully corrected

Dimuon invariant mass distributions are fitted to functions with 24 parameters
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Back to heavy ions

PbPb 1.6 nb”, pp 300 pb™ (5.02 TeV)
II|IIII|IIIIIIIII|IIII|IIII|IIII|IIII|I

T 17T L I T T 1 T T | B
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B + o jet, p, = 100-125 GeV v prompt J/y, p, = = 9-40 Ge\ ly| <2.4 Preliminary |
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. ° — i -
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C pp502TeV, 25 pb’ ] ] A'll'LAS Preliminary - L m| |”'.'ij WdThe
% 750 100 150 200 250 800 350 400 °o'”'5o"”mo”"156';'2N06";256"506"'356"406
( Npan ) part

Similarity in the suppression of Y(1S5) and other species and the difference to higher Y(nsS)
can be an indication of the regime change

Most particles, including Y(1S) L = 3/Npart X 13 volume emission
Y(2S), Y(3S) L < 3/Npart X 1 surface emission
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Bd2c/dpdy [fb/GeV]

Theory calculation
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[61] N. A. Abdulov and A. V. Lipatov, Bottomonium production and polarization in the NRQCD with KT - factorization. Ill: Y(1S) and xb(1P)
mesons, Eur. Phys. J. C 81, 1085 (2021), arXiv:2011.13401.

[62] N. A. Abdulov and A. V. Lipatov, Bottomonia production and polarization in the NRQCD with KT - factorization. 1l: Y(2S) and xb(2P)
mesons, Eur. Phys. J. C 80, 486 (2020), arXiv:2003.06201.

[63] N. A. Abdulov and A. V. Lipatov, Bottomonia production and polarization in the NRQCD with KT - factorization. I: Y(3S) and xb(3P)
mesons, Eur. Phys. J. C 79, 830 (2019), arXiv:1909.05141.
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Global analysis

Basic principle:

Particles with the same quark content and same masses shall have the same kinematics

. . 100 Y(11020)
The extent of deviation due to a 10% o
difference in masses can be tested =\ S,
with the m; — scaling e P | L hEmEaRER i
- Y(38)
7, (38) (2P)
03000 = emmmees - h, (2P) %, (2P) x,,(2P) x
, I Y(1°D,)
10100, e Y(2S) o o ‘xn
I h, (1P) %oy (1P) .L'“p) x,, (1P)
| n (1) t—t—x
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- J¥= 0 1 i 0 1 2 2
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ATLAS Preliminary 2~p £23 GeV
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lmQG P signatures in small systems
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QGP signatures in small systems

see NP 13 535—539 (2017)
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What abOUt hard prObeS’? PbPb 1.61 nb™, pp 300 pb™ (5.02 TeV)

IIIIIIIlIIII'III‘

If we are to look for the most sensitive QGP hard 121, <30 GeVic | CMS -
probe the obvious suspect would be the Y(nS) T
famlly .. Y(1S) (2015 PbPb/pp)
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Spectra at high p+
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Spectra at hig

h pr

PRD 107, 014012
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do

Open flavor mesons (c||c and
b||b)
has harder spectra (lower n)

LHCDb data (high-rapidity) are
typically higher than midrapidity
data
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Spectra at high p+

do m —n ] | : — 7T (2023)
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8 ' ALICE
- . ATLAS
Open flavor mesons (c||¢ and b : TS )
b||D) ®
has harder spectra (lower n) 6

LHCDb data (high-rapidity) are 5
typically higher than midrapidity

[T

Co

I
. >
|||‘I||‘||||||I‘III‘I

o T élll [T T T T T
i Q :
7
0
O

data 4 c bb
(co)* (bb)*

Excited quarkonia ((c¢)* and 2 s & 8 10

(bb)") m, [GeV]

have lower n

u,d,s & qq are fit simultaneously T Is fixed to 254

n =6R8KF N PR=licat 1=\ N/



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45

