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 LHCDb observes new P$S (J/WwN)

state consistent with ccuds
* Close to £f D~ mass threshold
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* Close to £f D~ mass threshold

SN 2@\3 WM AS S Matt Durham, LANL



Recent examples %@ Los Alamos

NATIONAL LABORATORY

I~ C T T T T T T T T T T T T T T ] CMS Prellmlnafy 135 fb-1 (13 TeV) > 5()_I N TR NN LU BRI T TR '_
%180:— LHCb - Data —: E’ 180:—| LI L L _: 8 - ATLAS Preliminary { Data .
S160F 9 fb! —Nominal - 0 160 t Data —Fit 30 [ Vs=13TeV, 139 fo' Sl By, -
N —Baseline = GipE- == BW1 = BW2[X(6900)] 3 © 40l J/w+w(2S) ——siBackground
140k f NR 4 8 2 S 40 _ :
E r —NRp L - -8 120 :— mn BW3 — Background —: ; : - - - Signal —
2120 - * —P$ pA E 2 100 = _ ]
§1 ook + + _ Bhckground S wof i E L%a 30 ATLAS-CONF-022-040
- Lo E 1l a2 ol et - B =1
Zeop Mty S 3 . : :
C ors = 48 20 —
O 60 — - — +—: N i
405_ Preliminary + f _f = = £ -
i I 10§ \ .} \ -
20F  {LHCb-PAPER-2022-031 (in prep) - b 3 By | )
0L~ e et N I —— et o ; ; i i : ; e 7
42 4.25 43 435 - . 35— 5 Oleti e b, S TER
GeV 7 7.5 8 8.5 9
m(J/w A) GeV et mEen [GeV]
« LHCDb observes new P$S J/YN) * CMS confirms X(6900) and finds other ¢ ATLAS also confirms X(6900) and
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Close to £ D™ mass threshold  Rich spectrum of cccc states accessible with dimuons.
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Overall goal: a complete, predictive understanding of hadrons allowed by QCD

* Experimental tools for reaching goal:
* High statistics data sets
* Required to access rare states, such as multi-heavy hadrons
» Still lots to do with exotics in bottom sector, potentially bbbb spectrum
* Upgraded detectors
* Take advantage of luminosity upgrades, separate signals from background, explore new
production phase space

* New approaches
* Analysis techniques that take advantage of increased stats, heavy 1on collisions, UPCs
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ATLAS LHC: L =2-3x103* cm2.s1

HL-LHC, Phase Il Upgrade : L = 7.5x103%* cm2.s!

CMS ~80 interactions per bunch crossing ~200 interactions per bunch crossing
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LH C Upgrade Il : L = 1.5x10%* cm2.s'!
b ~50 interactions per bunch crossing
~300 fb! (Run5....)
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Detector upgrades - ALICE 0@ Los Alamos

New: Muon Forward Tracker (MFT)

),

New: Inner Tracking System

WA, : -

/A Upgrade: Frontend

readout of various

New: Fast detectors

Interaction Trigger
(FIT)

VY

Upgrade: TPC g
readout based on ik
GEM stacks

o -

ALICE for Run-3: CERN-LHCC-2013-020

e Continuous TPC readout with GEMs greatly increases
event rate: ~1Mhz in pp and ~50kHz in PbPb
* Upgraded vertex detectors at mid and forward rapidity
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Detector upgrades - ALICE 0@

Absorber
~— Magnet

ECAL
RICH

New: Muon Forward Tracker (MFT)

V. ol

Muon chambers —

IIYA‘ AVAVEL 2

B

Upgrade: Frontend
readout of various
New: Fast 0= /| detectors
Interaction Trigger ey - =

(FIT)

Upgrade: TPC o
readout based on g

TOF

GEM stacks Tracker
Vertex detector
ALICE for Run-3: CERN-LHCC-2013-020 ALICE3 for Run-5: CERN-LHCC-2022-009
* Continuous TPC readout with GEMs greatly increases * Superconducting magnet and all silicon tracking
event rate: ~1Mhz in pp and ~50kHz in PbPb * Full PID with fast silicon and aerogel RICH

EMCal coverage over full azimuth
e Charm hadronization into multi-heavy sates and exotics is
a major focus — huge potential

* Upgraded vertex detectors at mid and forward rapidity
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Detector upgrades - LHCb 0@ Los Alamos

, — * Full streaming readout
[ s b I b | RS * Advancing the state-of-the-art for collider detector data

end electronics, o
remove SPD/PS acquisition
) » Samples full delivered luminosity at 40MHz

* Increased granularity in tracking
J—— * Improves tracking performance and enables access to
| muon central heavy 1on collisions (>30% centrality)

front-end
electronics,
remove M1

New tracking
stations

3Te ) M Ma M5

M3

Magnet SciFi  RICH2 M2
racker e

New RICH PMTs +
upgraded electronics
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Detector upgrades - LHCb

[ Software-only trigger ] Upgraded calo front- | LHCb-TDR-12
end electronics,
New tracking ) remove SPD/PS
stations rie, BORE iy M3
Magnet SciFi  RICH2 M2 o
| Upgraded
muon
| front-end
| electronics,
remove M1

L N—

BNIILE
New RICH PMTs +
upgraded electronics

Plans for upgrade 2 well underway:
CERN-LHCC-2021-012
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* Full streaming readout
* Advancing the state-of-the-art for collider detector data
acquisition
» Samples full delivered luminosity at 40MHz
* Increased granularity in tracking
* Improves tracking performance and enables access to

central heavy 1on collisions (>30% centrality)
* Magnet station tracker for coming in Run 4.

* Access to soft pions from e.g. X(3872) - J/ynn
and D* decays

Matt Durham, LANL



Los Aldmos

NATIONAL LABORATORY

ATLAS and CMS upgrades 0@

ATLAS Phase 2: CERN-LHCC-2015-020

Upgraded Trigger and Data
Acquisition System

+ Single Level Trigger with 1 MHz output
+ Improved 10 kHZ Event Farm

Electronics Upgrades

+ On-detector/off-detector electronics upgrades of
LAr Calorimeter, Tile Calorimeter & Muon Detectors

* 40 MHz continuous readout with finer
segmentation to trigger

High Granularity Timing Detector
(HGTD)
« Precision time reconstruction (30 ps) with

Low-Gain Avalanche Detectors (LGAD)
* Improved pile-up separation and bunch-by-bunch

luminosity
New Muon Chambers New Inner Tracking Detector (ITk) Additional small upgrades
+ Inner barrel region with new RPCs, sMDTs, and TGCs + All silicon with at least 9 layers up to || = 4 * Luminosity detectors (1% precision)
* Improved trigger efficiency/momentum resolution, + Less material, finer segmentation + HL-ZDC (Heavy lon physics)
reduced fake rate

» Upgraded detector to handle high pileup in pp collisions

* Improved tracking enhances mass resolution

» Upgraded electronics samples larger fraction of delivered
luminosity
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ATLAS and CMS upgrades i@ Los Alamos

ATLAS Phase 2: CERN-LHCC-2015-020 CERN-LHCC-2015-010

Upgraded Trigger and Data
Acquisition System System Present Phase 2
+ Single Level Trigger with 1 MHz output Tracker | n | <2.4 | r]l <4
+ Improved 10 kHZ Event Farm
TOF None In] <3
Electronics Upgrades Calorimeters Standard High granularity
+ On-detector/off-detector electronics upgrades of
LAr Calorimeter, Tile Calorimeter & Muon Detectors
* 40 MHz continuous readout with finer Muon l n l <24 l n l <2.8
seamentafion o 1igger Trigger 100 kHz 750 kHz
DAQ 6 GB/s 60 GB/s

High Granularity Timing Detector
(HGTD)
« Precision time reconstruction (30 ps) with

Low-Gain Avalanche Detectors (LGAD)
* Improved pile-up separation and bunch-by-bunch

Record all PbPb events (=50% in Run 3)

luminosity
New Muon Chambers New Inner Tracking Detector (ITk) | [Additional small upgrades . )
* Inner barrel region with new RPCs, sMDTs, and TGCs * All silicon with at least 9 layers up to |n| = 4 * Luminosity detectors (1% precision) ° v
E Ig\;ro;:c};:gg:::fﬁc:ency/momenlum resolution, + Less material, finer segmentation + HL-ZDC (Heavy lon physics) EXp anded traCklng over larger rap ldlty lnte al
reduc £

* PID with combinational of pixel DE/dx and TOF —

» Upgraded detector to handle high pileup in pp collisions :
allows m/K/p separation down to pt~300 MeV

* Improved tracking enhances mass resolution
» Upgraded electronics samples larger fraction of delivered
luminosity
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 Interactions of exotic states with other particles produced in the collision provide new probes of their binding
energy/structure: comover breakup and coalescence dominate in different multiplicity regimes
* Models predict drastically different production rates for compact tetraquarks vs hadronic molecules (see backup)

Diffuse medium

0D

o
oNg® g

o

e

© @
° a @
@
! P
Q @ Hydrodynamic flow induced 0
by pressure gradients Suppression via color

Production via coalescence

1nitial state? screening
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New collision systems
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Interactions of exotic states with other particles produced in the collision provide new probes of their binding

Los Aldmos
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energy/structure: comover breakup and coalescence dominate in different multiplicity regimes
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PRL 128 032001 (2022) 1.7 nb™ (PbPb 5.02 TeV)
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Models predict drastically different production rates for compact tetraquarks vs hadronic molecules (see backup)
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Interactions of exotic states with other particles produced in the collision provide new probes of their binding
energy/structure: comover breakup and coalescence dominate in different multiplicity regimes

Models predict drastically different production rates for compact tetraquarks vs hadronic molecules (see backup)
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* Hadron spectroscopy is a highly active of QCD research at the LHC.
* Pace of discoveries 1s acceleratine. No reason to believe it will slow.

* All four major experimental collaborations at the LHC are actively pursuing
upgrades that will directly improve spectroscopy capabilities.

* Upgraded detectors, more data, different collisions systems, new techniques: all
contribute to a full understanding of bound states allowed by QCD.

Los Alamos National Laboratory is supported by the

US Dept. of Energy/Office of Science/Nuclear Physics
and DOE Early Career Awards
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X(3872) in PbPb %@ Los Alamos

PLB 797 (2019) 134836 PRL 126 012301 (2021) EPJA 57 122 (2021)
~ [T T o' 1 T T " _T1 " T 4 | | ]
> 10 X(3872) : e Pb-Pb @ 2.76 TeV | - Tetraquark mes EQinit  °
S VSun=5TeV 102 - X3872 ] ¢ | MolTgjs=180MeV mmmm EQfinal  ° ]
~ syw=5Te E — mm  Molecular | L _ _
Q_'_ 10_5 C::tr. 0-20 % . E ez Tetraquark |3 9 3 L Mol Tdiss—1 40MeV |
° 5 . ] = ¢ |
> . Pb-Pb £ 109 — B _—
-~ 107 [rkr Q - E O o .
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X 107 = S
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o 105 - ] Z | . . S .
108 F 3 I o .
Statistical hadronization model :_L | | | | _l_- —— ‘ | B
PP = —6 1 L 1 1 1
0 dof7 / dy x shad, 2._"532. +0.096 mb. 1|0 T 10 : L L L L 4 0 0 100 ,\]"OO 300 400
pT (GeV) Centrality (%) part
SHMC model: AMPT model: T ot caleulat;
. : : : . . , : ransport calculation:
Significant increase in X(3872) predicted difference in molecule vs diquark-diquark P .
.. : : : ) molecules have larger reaction rate,
for central AA collisions coalescence gives dramatically different yields . .
and centrality dependence: formed later in fireball evolution
: : ' N > N
Yield reaches up to ~1% of J /1 yield Nmotecute > Neetraquark tetraquark — “Tmolecule
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.012301
https://link.springer.com/article/10.1140/epja/s10050-021-00435-6
https://www.sciencedirect.com/science/article/pii/S0370269319305507

