Observation of antihelium and antihypertriton
in pp collisions with LHCb
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AMS-02: Antihelium in Space

* Reported O(10) He candidates in
Cosmic Rays at conferences

* Origin is unclear:
AMS never reported d observation
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= Expected d/

ratio is 10?

e [f AMS-02 results are confirmed:

New source of

required
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Coverage 2<m<5
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. [JINST 3 (2008) S08005]
Tracking system

e Momentum resolution:

% = (05— 1)% TT

Track
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* LHCDb not designed for helium identification
= Use information from the tracking system
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Tracking system

* Momentum resolution:
A
?p — (0.5 - 1)%

oT

TT

Track
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* Three silicon strip detectors

1. VErtex L.Ocator

2. Tracker Turicensis

2 x 21 Layers

90.5m™

R Sensor

Phi Sensor

4 Layers

131.1 cm

168.8 cm

[JINST 3 (2008) S08005]

Outer Tracker

3. Inner Tracker

12 Layers

41.4 cm |

125.6 cm

Acceptance:
20% of the tracks



https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005

New helium identification strategy

 Based on ionisation losses in silicon sensors

. Explou Z? dependence in Bethe formula
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* Proton-proton collisions

* Lix=55f"1

e Run2 data (2016-18, /s = 13 TeV)

[Phys Rev C 97 024615 (2018)]
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*He suppressed by factor
10° from coalescence
= Assume all helium is”He

Preselection

* Combined output of all trigger lines
* “Prompt” tracks, compatible with PV

(others: “secondary™)

* Mild track-quality requirements
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* Digitization & clustering:

Amplitude (ADC) 7-bit
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Cluster size (CLS)

Helium induces higher ADC
counts and wider clusters
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Likelihood Discriminators

* Combine n measurements: . * Probability Density Distributions
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Prompt helium at LHCb

LHCb-DP-2023-002, in preparation

I'T acceptance
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First helium identification at LHCb!



Converted photons

ng Imaging CHerenkov detectors
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e Conversion signature: e Below 3He Cherenkov threshold; 416Vl
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et and e~ contribute to same cluster Reject converted photons up to O(107)

= Closer to helium than Z=1 is * Above threshold:
LHCb-DP-2023-002, in preparation Helium identification to be implemented 4
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Timing information from Outer Tracker

e Straw drift tube detector
* OT has a constant threshold

= Does not measure dE/dz information
* But: Z=2 crosses threshold earlier
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= Identification power via “OT track time”

* Low momentum: Time Of Flight

OT track time [ns]

10-3

= Helium ID after magnet in full acceptance
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Performance for well-reconstructed tracks:

* Mis-ID probabiltiy (bkg — He): O(10~1?)
e Signal (He) efficieny: ~50%
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Sources of helium
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Hypertriton

* Access to hyperon-nucleon interaction
= Implications for neutron stars

* Hypertriton “life-time puzzle”:
* Tension between STAR and ALICE
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Hypertriton Ve
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* Access to hyperon-nucleon interaction
= Implications for neutron stars

* Hypertriton “life-time puzzle”:
* Tension between STAR and ALICE

Selection

* 2-body decay into helium:
SH — SHen™

* Secondary helium candidates (not from PV):

In x3p (*He) > 2
* Combine with charged pion
* Well reconstructed secondary vertex
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Antihypertriton candidate in VELO

— | [ LA AL B R I I LA
8 ] " | Year: 2018 | LHCD preliminary V _
E || Run Number: 212092 . A i
o | [ EventNumber: 814432517 v i
— L e i
N X " 4 A
oy 6 [ @ “““““ A __
A0 i 8 _
Q0 , | ‘ |
= 4 | - ““.““. |
= 7}%0’ SV ]
D) | S e —]
ts) 2C PV ) -
n *-" -
oL m(CH) = 2992.0 MeV ]
: AVELO( ) 2 7 AX]];:LO(TC+) — _9 5 :
s A1) =46 AEE(W) =59 b
I | I | | I 1 | 1 1 1
0 200 400 600 800

[LHCb-CONF-2023-002]

z (beam axis) [mm

14


https://cds.cern.ch/record/2868251/

Observation of hypertriton

\®)
-

% 6() B I I I I I I I I I I I I I I I I I I I B
S i 107 £ 11 LHCb preliminary
~ | *H+2H ¢ Data55fb!
= i A + — Signal il
3 u Background |
3 40 i ¢ Same-sign data |
=

- - -
<

® l -

0 +i e .\HMH+.4*+*,i¢+g*.¢*++*uh*..m#*
2960 2980 3000 3020 3040 3060
m(®He ) [MeV]

.
L

15


https://cds.cern.ch/record/2868251/

[LHCb-CONF-2023-002]

Observation of (anti)hypertriton

Candidates / 2 MeV
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Summary

* LHCD is now able to identify helium in Run?2
* dE/dzx, timing and Cherenkov based method

e 1.1x10° prompt (anti)helium in pp collisions

* Negligible background contamination

* In experimentally unexplored forward region
107 &= 11 (anti)hypertriton candidates
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* Measure helium production from A}
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LLHCDb detector Run 3 [CERN-LHCC-2014-001]
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Less amplitude information available in Run3 18
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LHCb-DP-2023-002, in preparation

Arp: No strong dependence on kinematics
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Prompt helium and antihelium
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A7H© separated by charge and preselection
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Data and simulation comparison
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Helium in minimum bias data
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LHCDb skimming stage

* Run2 pp data from two different preselections
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Rigidity dependence
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Hypertrlton selectlon
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