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The mysterious x.1(3872)

The x.1(3872) exotic hadron was first observed in 2003 by Belle in decays of \ T

B—J/ynta . Belle, PRL 91 (2003) 262001 [ 0) data |
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Quantum numbers of x.1(3872) were determined as JC = 1++, [ o) .
*This result rules out the explanation of the X(3872) meson as a conventional nez(1' Do) state. Among the %, L 1
remaining possibilities are the y¢1 (23 Py) charmonium, disfavored by the value of the X(3872) mass, and (g L 4
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High multiplicity pp collisions

ALICE, Nat. Phys. 13 (2017) 535
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Phenomena known from nuclear collisions observed in high multiplicity pp £ 40 b b ogb
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Proton-proton collisions provide testing ground for examining N
nuclear effects observed in pA collisions. 107 ““‘1“0 — ‘ — ‘
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Conventional charmonia in nuclear medium
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LHCb, JHEP 1603 (2016) 133
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Production of quarkonia is modified in nuclear collisions o~ E —@— LHCb, prompt y(25)
compared to that in L8E LHCh - LHChpompt Iy
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Higher excited states are more suppressed, as they are osE- L ///////////////////////:
increasingly weakly bound. 0 65_ -----------------------------
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Probing the y.1(3872) structure via interactions with the underlying even

The nature of x1(3872) can be scrutinised by studying its multiplicity dependent relative suppression compared
to a conventional charmonium state such as y(2S).

D?
@ - Hadronic molecule = very weakly bound with a large radius ~ 10 fm.

Mxm (3872) — Mz — Mp- =0.1+£0.27 MeV
j *

Compact tetraquark = tightly bound with small radius ~ 1 fm.
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Prompt states produced at the interaction vertex may dissociate via
interactions with the comoving matter.

The delayed states, from b-decays, will decay in
vacuum.

3
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LHCDb detector
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LHCb, JINST 3 (2008) S08005

LHCb is a single arm spectrometer fully instrumented in 2 < i < 5, designed for studies of heavy quarks.
LHCb has excellent vertexing, tracking, and PID capability, and can reconstructs heavy hadrons down to pr = 0.

Cherenkov detectors
K/p/m separation

&K — K) ~ 95%

e[ — K) misID ~ 5%

Vertex Locator

IP resolution ~ 20 pm

decay time resolution ~ 45 fs
prompt/nonprompt separation

4 Tm dipole magnet

Tracking system
TT and OT

Dp/p =0.5% - 1.0%
(6 GeV/c - 100 GeV/c)

Muon System
hardware p trigger

e — M)~ 97%

&(1m — p) misID ~ 1-3%

Calorimeters
ECAL, HCAL
o/y identification

AE/E = 1% ® 10%/\JE (GeV)
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xc1(3872) /w(2S) cross-section analysis -

Candidates reconstructed from J/yntz~ at pr > 5 GeV/c and within 2 < 11 < 4.5.

. LHCb-CONF-2019-005
Prompt and delayed component are extracted via
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Fraction of prompt of y.1(3872) and y(2S)

f _ Nprompt
prompt Nprompt + Netelayed LHCb-CONF-2019-005
‘g 1i LHCb Preliminary pp Vs = 8 TeV
Prompt fraction of both states decreases with = r + X (3872)
multiplicity. This may be explained with combination of r cl
effects. 09— —— + LIJ(ZS)
S
« The delayed production increases with increased 0.8 -
b-production in harder events. [ .
. . - r .
« The prompt production decreases with raising 07 .
probability of dissociation in events with higher L .
occupancy while the delayed states, decaying in F
vacuum, remain unaffected. 06F p, >5GeVic
~36""30 6080 100 120 140 160 180 200
N VELO
tracks
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Cross-section ratio o(x.1(3872))/o(y(29))

+1(3872
Oper(3872) Bl1c1(3872) = I/ ymtn—] _ Ny ae72) f,i‘,o,ﬁpt ) Ey(25)
Oyps) ALy (2S) =1/ ymta] Nys) Fromy Excr(3872)
LHCb-CONF-2019-005
- LHCDb Prelimi
« The ratio of promptly produced y.1(3872)/y/(2S) R & 012 @r: gn{]sy
decreases with multiplicity - increased suppression & |, C pp p
of x¢1(3872) compared to y(2S). > ; 0.1~ -+ Prompt
s F -+ b decays
« The non-prompt emerge far away from the ~aK 0'08;
interaction region and are unaffected by the P n 0.065-
underlying event. The ratio is constant in o % F
multiplicity. 5“ g 0.0ab-
o L <H>
om L
Consistent with the idea of weakly-bound y.1(3872) o 002 54$7 p, >5GeVic
being more dissociated than a more tightly bound 2|8 r
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Sneek peek on theory explanations

‘The nature of the X(3872): pp collisions WORK IN PROGRESS

¢ Inorder to measure the effects of the comovers with increasing multiplicity, we
calculate the rate X(3872)/1(2S) vs n/<n> being <n> the mean pp multiplicity
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E. G. Ferreiro USC Comovers

exp: — 0™ p™(b, 5,y) In(p°(b, 5,5)/ pp (_\'))}
e <7—>€

n/<n>

pp collisions at 8 TeV
and forward rapidity

LHCb data QM2019

GS1 16/20 Dec 2019

EMMI Meeting on the Suppression and (re)generation of quarkonium in heavy-ion collisions at the LHC

Muliplicity dependent production of 7,1 (3872)

A

Elena Ferreiro’s talk at
https://indico.gsi.de/event/9314/overview.

Dissocitation with comovers would
dissociate the molecule immediately.

Scenario with a tetraguark shows better
qualitative correspondence to the
behaviour seen in data.

Calculation based on number of charged

particles, while the event activity in data is
uncorrected for detector effects.
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Xc1(3872) production in pPb

Ongoing analysis of x.1(3872) in pPb data at \/sxy =8.16 TeV.

Measurement in pPb will add two additional points on the event activity axis as well as enable to study suppression of
Xc1(3872) as a function of rapidity.

LHCb-FIGURE-2019-019
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Summary

Proton-proton collisions provide new insight into nuclear effects observed in pA and AA collisions.

Modification of production of conventional charmonia due to nuclear effects is a typical probe of said effects. On the
other hand, studying the nuclear modification of exotic hadrons such as x.1(3872) can unveil more about its character.

Measurement of relative suppression of y1(3872)/y(2S) as a function of multiplicity in pp collisions at /s =7 TeV
showed that:

« Ratio of prompt x.1(3872)/y(2S) shows a decrease with increasing multiplicity.
« Ratio of delayed x.1(3872)/y(2S) shows no significant evolution with multiplicity.
The x.1(3872) seems to show stronger suppression than conventional y(2S), which indicates its weaker bond.

Comovers calculations (Work in Process!) disfavour the scenario with pure hadronic molecule. This conclusion is
supported by other measurement, e. g. evidence of y.1(3872) — y(2S)y by LHCb, Nucl. Phys. B886 (2013) 665.

Thank you for your attention and see you in my ZOOM room:
https://cern.zoom.us/j/3521773587 ?pwd=SUFncU5Xd3VtZTI12VDMvczcrMDIxXUT09
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%01(3872) production in PbPb

CMS PAS HIN-19-005

CMS Preliminary 1.7 nb* (2018 PbPb 5.02 TeV) )
450F ) 7* 1.7 nb™ (2018 PbPb 5.02 TeV)
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6&350:— Cent. 0-90% = Iyl <1.2
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CMS measured 7,1 (3872)/y/(2S) in PbPb at high pr > 15 GeV/c | P T T N T
in the central region |y| < 1.6. 10 20 30 40 50 60 70
p.
-

R=1.10+0.51+0.53

Compared with pp ratio at 8 TeV R =0.106 +0.061 +0.020.
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Calculated States
Measured States
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Barnes, Godfrey, Swanson, PRD 72 (2005) 0540
Nonrelativistic potential model: solve Schrodinger
equation with the potential

: 4 a,
V) = =3t br o 5

oD ] sy LHCh

JHEP (2019) 2019:35

~ 200
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400l kit

300,

New charmonium states still being found: LHCb
observed state consistent with 13 (13D3 ) found in
DD and D*D- mass spectra in 2019 :
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LHCb Upgrade for Run 3 % B

B. Audurier, QM2019

[CERN-LHCC-2012-007]
New Iracking systei.: New electronics for muon
- / s ctronics
New pixel VELO - Silicon upstream detector (UT) .
iy . . . and calorimeter systems
- Scintillating tracking fibre (SciFi)
Side View oAl HCAL i M N
v : Upgrade based Ilisi
Magnet SciFi ICH2 2 \ 2 . as .
g S 0\ pgrade based on pp collision
WY requlrements :
\
= Collision rate at 40 MHz.
] ¥ = Pile-up factor u~5
- L + Replace the entire tracking system.
L
‘ AT L # Full software trigger.
\ = Remove L0 triggers.
{New RICH optics and photodetectors| = Read out the full detector at 40 MHz
Benjamin Audurier - benjamin.audurier@cern.clt 17
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The bright future of Hl in LHCb during Run 3 LHCb-FIGURE-2019-021

| %”

MC studies for the upcoming PbPb data taking show no significant saturation in the future LHCb tracking detectors - the
new VELO and the SciFi detectors - down to ~ 30% of centrality.
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SMOG2 %ROZO

« Standalone gas storage cell to be installed at
—500 < z < —300 mm.

« Up to 100x higher gas density the with same gas flow as
the current SMOG.

» Gas feed system measures the gas density at a few %
accuracy.

Installation postponed to ~ Summer 2020, to be
operational from the start of the LHC Run 3.
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