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Cosmic Motivation: AMS-02 Result [CERN Seminar by Prof. Samuel Ting]
@ Observation of O(10) He candidates
by AMS-02 [cospar 2022)
@ Observe 1 He for every 108 He
@ Origin of antihelium events unclear
@ No d events reported at conferences
°

New Source for helium required
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https://indico.cern.ch/event/1275785/
https://www.cosparathens2022.org/
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.97.024615

Recent ALICE Results on 3He

[Nat. Phys. 19, 61-71 (2023)]

Measurement of anti-3He nuclei absorption in matter
and impact on their propagation in the Galaxy
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https://www.nature.com/articles/s41567-022-01804-8

Theory Proposal: 3He from A, Decays

@ Estimated *He production via Ay:
B(Ap — 3He + X) ~ 3 x 107°
@ Coalescence enhanced by small A, phase-space

@ A special tuning of Pythia gives 3He rate
consistent with AMS observation (Ap-tune)

@ Large uncertainties in non-perturb. QCD
X SHe(ppm)
M(R,) = 5.62 GeV
- p
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[Phys. Rev. Lett. 126, 101101]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.101101

The LHCb Detector (2015-2018)
[JINST 3 (2008) S08005] [IJMPA 30 (2015) 1530022]
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http://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227

PID at LHCb: RICH
p/K misID < 5% [Eur. Phys. J. C 73, 2431 (2013)]

Gediminas Sarpis 3He and 3 H with LHCb June 4, 2024 6 /26


https://link.springer.com/article/10.1140/epjc/s10052-013-2431-9

LHCb is Not Designed for Helium ldentification
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Refractive indeces taken from [JINST 3 (2008) S08005]
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http://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta

New PID Strategy: Exploit Z=2 of Helium [R. Aaij et al 2024 JINST 19 P02010]

lonisation losses in Silicon Trackers

°
- F ryrrrTrTTTT T T TTT
e Proportional to Z2 by Bethe formula = LHCb simulation 1
=02 Helium 7]
o Dataset: 2 1 1 Protons ]
> proton-proton collisions % o1 L h
» Run 2 (2016-2018, /s = 13 TeV) = -
> Line =55 " = ]
o Preselection: 0.0 L T BN
» Combined output of all trigger lines 0.0 0.1 0.2 0.3 0.4 0.5 0.6

> Loose track-quality requirements AE [MeV]

» Prompt tracks from PV
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https://iopscience.iop.org/article/10.1088/1748-0221/19/02/P02010

LHCb Silicon Trackers
[JINST 9 (2014) P09007] [Phys.Procedia 37 (2012) 851-858] [2014 JINST 9 P01002]
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https://iopscience.iop.org/article/10.1088/1748-0221/9/09/P09007
https://www.sciencedirect.com/science/article/pii/S1875389212017798
https://iopscience.iop.org/article/10.1088/1748-0221/9/01/P01002

LHCb Silicon Trackers
[JINST 9 (2014) P09007] [Phys.Procedia 37 (2012) 851-858] [2014 JINST 9 P01002]
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https://iopscience.iop.org/article/10.1088/1748-0221/9/09/P09007
https://www.sciencedirect.com/science/article/pii/S1875389212017798
https://iopscience.iop.org/article/10.1088/1748-0221/9/01/P01002
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VELO Summary

@ Charge is digitised as 7-bit ADC
@ Two types of sensors R and ®
@ Average of 13 VELO hits per track

@ Clusters formed from up to 4 strips
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https://iopscience.iop.org/article/10.1088/1748-0221/9/09/P09007

VELO Response for Z=1 Particles

o 4 different cluster sizes (CLS)

@ Visible saturation peaks (digitisation)
o Amplitude peaks at ~ 40 ADC

Z=1 data from D™ and A decays

Separate for R and & sensors

1/NdN/dADC

Amplitude (ADC)
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3He and 3 H with LHCb

[R. Aaij et al 2024 JINST 19 P02010]
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https://iopscience.iop.org/article/10.1088/1748-0221/19/02/P02010

Helium Simulation VELO Response [R. Aaij et al 2024 JINST 19 P02010]
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https://iopscience.iop.org/article/10.1088/1748-0221/19/02/P02010

Constructing Likelihood Discriminator

@ Use ADC distributions as PDDs

@ Derive a bkg/*He probability for each cluster

© Combine the probabilities to likelihoods

@ Define a likelihood discriminator
for the whole track

£X = (], PDDX(CLS, ADC))~

with X = {bkg, He}

Aip = logL'e — logLPke
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[R. Aaij et al 2024 JINST 19 P02010]
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https://iopscience.iop.org/article/10.1088/1748-0221/19/02/P02010

Combining the Full Power of LHCb Tracking System
[JINST 9 (2014) P09007]  [Phys.Procedia 37 (2012) 851-858]  [2014 JINST 9 P01002]
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https://iopscience.iop.org/article/10.1088/1748-0221/9/09/P09007
https://www.sciencedirect.com/science/article/pii/S1875389212017798
https://iopscience.iop.org/article/10.1088/1748-0221/9/01/P01002

The First Observation of Prompt Helium at LHCb [r. Aaij et al 2024 JNST 19 P02010]
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https://iopscience.iop.org/article/10.1088/1748-0221/19/02/P02010

Separation Power

[R. Aaij et al 2024 JINST 19 P02010]
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https://iopscience.iop.org/article/10.1088/1748-0221/19/02/P02010

Separation Power: O(1071?) with Signal Efficiency ~ 50%

10

[R. Aaij et al 2024 JINST 19 P02010]
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https://iopscience.iop.org/article/10.1088/1748-0221/19/02/P02010

Sources of Helium [R. Aaij et al 2024 JINST 19 P02010]
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https://iopscience.iop.org/article/10.1088/1748-0221/19/02/P02010

A Brief History of Hypermatter

[hypernuclei.kph.uni-mainz.de]

e First hyperfragments discovered in 1952 o] reemmashuen
5
@ Can access hyperon-nucleon interaction N e
s ) eavy lon Coll)
= Relevant for neutron stars e M- e, 1973 Emulior
4 G. Keyes, 1970 (Bubble Ch))
H 3 H H 5 2 K. Chaudhari, 1968 (Emulsion)
@ Hypertriton - R H is the lightest hypernucleus ] s oo
. . . iy R. G. Ammar, 1962 (Emulsion)
@ Hypertriton “Lifetime Puzzle” Y.Praash, 1961 Emision)
° 2091.0 20915 2962.0
2H ground state mass [MeV/c?q
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s 2 \ / ‘I-g HypHl, 2013 (Heavy lon Coll.)
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— - 00057 .—Eiyss. 1970 (Bubble Ch.)
[1953 Philos. Mag., 44:348] o - S 1, 195051000 Ol
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https://www.tandfonline.com/doi/abs/10.1080/14786440308520318
https://hypernuclei.kph.uni-mainz.de/

Hypertriton Reconstruction with LHCb

He
e Unambiguous 3He Signature
o 2-body decay into helium: 3H — 3Her~ o SV
o Secondary helium candidates: Iny3,(3He) > 2 PX/{’,T;’
@ Form 2-body vertex with charged pion p 'ﬁa‘ 7
@ Apply vertex quality requirements

//Jl?e\\
TEN I 0@
/ \H / \H
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Antihypertriton Candidate in VELO [CERN-LHCb-CONF-2023-002]
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https://cds.cern.ch/record/2868251/

Observation of Hypertriton at LHCb [CE

RN-LHCb-CONF-2023-002]
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https://cds.cern.ch/record/2868251/

Observation of (Anti)hypertriton at LHCb [CERN-LHCb-CONF-2023-002]
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https://cds.cern.ch/record/2868251/

Summary [R. Aaij et al 2024 JINST 19 P02010] [CERN-LHCb-CONF-2023-002]

@ First observation of helium in LHCb

o 10 L T ]
Ha  [LHCb55fb™ 1 11x10%]
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N s D ]
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20+ s . . .
g @ More physics to come from light nuclei
o it 4 e *. ;s .+ o @ Determine properties of hypertriton
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https://iopscience.iop.org/article/10.1088/1748-0221/19/02/P02010
https://cds.cern.ch/record/2868251/

BACKUP
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Light Nuclei Identification at LHCb - Deuterons [LHCB-FIGURE-2023-017]
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https://cds.cern.ch/record/2868172

Refinements: Photon Conversions

@ e and e pair from photon conversion
flies almost co-linearly

@ Energy deposited on the same clusters
@ Can be rejected by applying RICH cut
@ Rejection up to O(10?)

[R. Aaij et al 2024 JINST 19 P02010]
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https://iopscience.iop.org/article/10.1088/1748-0221/19/02/P02010

Refinements: Photon Conversions

@ e and e pair from photon conversion
flies almost co-linearly

@ Energy deposited on the same clusters
@ Can be rejected by applying RICH cut
@ Rejection up to O(10?)

[R. Aaij et al 2024 JINST 19 P02010]
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https://iopscience.iop.org/article/10.1088/1748-0221/19/02/P02010

Refinements: Outer Tracker Timing Information  [R. Aaij et al 2024 JINST 19
P02010]

@ Outer Tracker (OT) -
Straw Drift Tube detector LHCb preliminary Helium Candidates

e OT has constant threshold YETTL el Tt 0'1
(no dE/dx information) N1 1

@ Helium crosses the threshold earlier

o PID power via "OT track time’

OT track time / ns

5 10 20 30 4050 100
p/1GeV
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https://iopscience.iop.org/article/10.1088/1748-0221/19/02/P02010
https://iopscience.iop.org/article/10.1088/1748-0221/19/02/P02010

Backup: LHCb Detector Upgrade - Run 3 [CERN-LHCC-2014-001]

Magnet SciFi RICH2
Tracker —
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https://cds.cern.ch/record/1647400/

Backup: ALICE Results on Hypertriton [Phys. Rev. Lett. 131, 102302]

Measurement of the Lifetime and A Separation Energy of ;°’\H

Theoretical predictions Theoretical predictions
- - Nuo.Cim. 46 (1966) 786 —— J.Phys. G18 (1992) 339-357 e NPB47 (1972) 100137 — PRC 77 (2008) 027001
-~ PRC 57 (1998) 1595 PRC 102 (2020) 064002 (1972) 108- (2008)
PLB 811 (2020) 135916 - A -+~ PLB 811 (2020) 135916 - B EPJA 56 (2020) 91
T T N B T B
PR136 (1964) B1803 |  —@——— 51— B — i — | Nuo. Cim. 21 (1961) 235
PRL 20 (1968) 819 —ei - | —
L 4 - )
PR 180 (1969) 1307 Lo —o—— Nuo. Gim. 26 (1962) 840
r b n B | n
NPB 16 (1970) 46 —— ] Nuo. Cim. A 43 (1966) 180
L \: o M
PRD 1 (1970) 66 i ~ | —
— ! - e NPB1 (1967) 105
NPB 67 (1973) 269 f |
L h | - |
STAR, Science 328 (2010) 58 =.=h —e— | NPB4 (1968) 511
HypHI, NPA 913 (2013) 170 EE}I B | B
L _ —= PRD1 (1970) 66
] S S
ALICE, PLB 754 (2016) 360 == - |
g0 | 1 i[=A lfetime - PDG value—| |
STAR, PRC 97 (2018) 054909 == | | NPB52 (1973) 1
ALICE, PLB 797 (2019) 134905 —4; - B I B STAR, Nat, Phys 16 (2020)
L } _ = = , Nat.
STAR, PRL 128 (2021) 202301 — | —
ALICE, Pb—Pb 5.02 TeV ‘ NN ‘ | ‘ ‘ ‘ = L ‘ ALIGE, Pb-Pb 5.02 TeV
0 100 200 300 400 500 -04-02 0 02 04 06
3 P
>H lifetime (ps) B, (MeV)

Gediminas Sarpis 3He and ?\ﬁ with LHCb June 4, 2024 7/ 14


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.102302

Backup: No Strong /\YELO Dependence on Kinematics [R. Aaij et al 2024 JINST
19 P02010]
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https://iopscience.iop.org/article/10.1088/1748-0221/19/02/P02010
https://iopscience.iop.org/article/10.1088/1748-0221/19/02/P02010

Backup: Prompt Helium Split by Charge  [R. Aaij et al 2024 JINST 19 P02010]
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https://iopscience.iop.org/article/10.1088/1748-0221/19/02/P02010

Backup: Prompt Helium in Minbias

o lop———T—
Hn  [LHCb5.5fb! ]
> [ ]
< 5'_ . .."l-" _' 105
oF 104
-SE 103
-10F 100
-15F 10
20— L 1

220 -10 0

[R. Aaij et al 2024 JINST 19 P02010]

10

1T
ALD

[~ 1T 7
r LHCb 5.5fb~!

st L] 10

|
—_
=)
T
|

|
—_
9}
T
1

Gediminas Sarpis 3He and ?\ﬁ with LHCb June 4, 2024 10 / 14


https://iopscience.iop.org/article/10.1088/1748-0221/19/02/P02010

Backup: Data and Simulation Comparison
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Backup: Different Preselections [R. Aaij et al 2024 JINST 19 P02010]
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Backup: Different Preselections
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Backup: Hypertriton Selection [CERN-LHCb-CONF-2023-002]
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