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Muon Puzzle: Muon deficit in air shower simulation

Multiplicity-dependent strangeness enhancement: Potential key ingredient to solving
muon puzzle

Discovered by ALICE in pp, pPb, and PbPb at mid-rapidity
New evidence from LHCb at forward rapidity in B/ B° ratio

My thesis: study of p-(He, Ne, 0) collisions using LHCb’s fixed-target mode
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J. Matthews, Astropart. Phys. 22 (2005) 387-397

initial hadron

Air showers: Cosmic-ray induced hadronic showers in Earth’s
atmosphere

Muon puzzle: 8o discrepancy in the number of observed
shower muons

Potential solution within Soft-QCD AL o

ReduceR = _Pmo by 10-20% at LHC energy scale

other hadrons

S. Baur, H. Dembinski, M. Perlin, T. Pierog, R. Ulrich, K.

More strangeness — less 7° = more muons in air Alemer. A 1202005 ey

showers 081
Cannot change R within QCD factorization framework
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Collins et al., Adv.Ser.Direct.High Energy Phys. 5 (1989) 1-91 B

Evidence for alternative hadronization mechanism i 4
discovered at LHC Z o
Alternative mechanism reduce R up to 10-20% 00-
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https://arxiv.org/abs/hep-ph/0409313
https://doi.org/10.1016/j.astropartphys.2004.09.003
https://arxiv.org/abs/1902.09265

M. Vasileiou for ALICE, Phys. Scr. 95 (2020) 064007

T o T

e
g OVOLDIINORS, Oy g 5 iy iy P+P (x6)

&Mm 9 & ¥ PHPIaK

", GOVHRIHE 00 5 EDIAL o)
9 gipapange 0 F 0 Hiko2c

p D GIPY =iz e |

Strangeness Enhancement

« ALICE discovered universal enhancement of
strangeness production in pp, pPb, PbPb
ALICE, Nature Phys. 13 (2017) 535
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- Enhancement seems to depend only on density of L & sl
charged particles produced in the event — predictive P < e ol
power for air showers if universal joilesmn S o S T

« Extrapolation of density of charged particles safe " " " (chh/d'D:,io_s
* Hadron composition predicted by charged particle LHCb-PAPER-2022-001
denSity QO'SjI;HICIbI B Iplp Iﬁl=ll3]TeIV:
o [0<p <20GeVie 5.4 fb']
+  Open questions O 04r )
*  Does it extend forward ton > 1? N H Jﬂ, I
* Universality broken at lower energies? 03r %HHH 1% 1

* My thesis: Study hadronization in p-ion collisions with ozff PpoBBRX

LHCb fixed-target mode to check universality : ez BB
IR i st
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VELO VELO.
N!racks < tracks ~ NoBias


https://www.nature.com/articles/nphys4111
https://arxiv.org/abs/2204.13042
https://iopscience.iop.org/article/10.1088/1402-4896/ab85fc/meta
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e HOAT,
ECAL M5
SPD/PS sy

General purpose single-arm forward spectrometer
* Acceptance

« 2<n<5with particle identification (PID)

* 01<p;/GeVe'<10
* Very good momentum and vertex resolution
« Accurate luminosity (world record for p-p 7 TeV)
* PID optimal for , K, p, 1
* Flexible software trigger

« Unique fixed-target mode: p,Pb+(He, Ne, Ar)gas
Lars Kolk
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https://doi.org/10.1088/1748-0221/3/08/S08005
https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227

The SMOG System L HCB-TDR-020

+  Fixed target mode vs. beam mode
* 110 GeVyvs. 13 TeV
* Mid-rapidity vs. forward rapidity } : :
. . . . BEA! fh.»_ -y
+ Fixed target: study nuclear effects in multiple targets , —r——

STORAGE CELL '

+ SMOG1

« Designed for beam-gas imaging to improve
luminosity measurements

* Injection of Ne, He, or Ar into the VELO
« Limitations: Only noble gas, low gas pressure, no precise knowledge of gas pressure

* SMOG2 Upgrade for Run 3
*  Well-controlled gas density and 100x higher
* Non-noble gases possible: oxygen, nitrogen!
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https://cds.cern.ch/record/2673690?ln=en

SMOG Datasets
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https://cds.cern.ch/record/2673690?ln=en

Topic
Multiplicity-dependent strangeness production in SMOG data
Study p-He and p-Ne in Run 2, later p-(O,N) in Run 3
Study ratios of particles with AS > 0, e.g. K/, K%/, A/t and Q/mt

Current study of p-He 2016 dataset
KQ->ntn™
A - pn~ + c.c.
Interest in £/~ (double-strange) and
Q™ (triple-strange), feasibility unclear
ET o An” - (pnT)n”
0" > AK™ »(pn~) K~
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Analysis of KJ and A
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p-He 2016 MC, K2

[ Train. signal (24734 cand.)
[_1 Train. backgr. (2177140 cand.)
& Test. signal
W Test. backgr.

LHCDb unofficial

0.0 0.2 0.4 0.6 0.8 1.0

Classifier response

Normalised number of candidates
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Select tracks based on kinematic and geometrical requirements
Train BDT on calculated geometric properties

p-He 2016 MC, A
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First applied BDT

Before BDT selection After BDT selection (prediction > 0.5)
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Muon Puzzle in air showers: significant deficit in air shower simulations

Strangeness enhancement might solve Muon Puzzle
Multiplicity-dependent enhancement measured by ALICE and LHCb
ALICE: Discovery at mid-rapidity in pp, pPb, PbPb
LHCb: New evidence for enhancement in forward region in B2/B° ratio

LHC data cannot be explained within QCD fragmentation framework
Alternative hadronization mechanism required

Need to characterize new hadronization mechanism to include effect in generators

My thesis: Study multiplicity-dependent strangeness enhancement in LHCb fixed-target mode
Run 2: p-He and p-Ne, bracket p-0O

Run 3: study p-(O,N) directly
Currently analysing p-He collisions at 110 GeV
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Importance of forward acceptance

»Muon production weight“
how many muon would be produced in

arXiv:2105.06148 shower
by secondaries in this collision
EPOS-LHC: pO 10 TeV — N\ dn/dn -—-- d(TEYP)/dn (a.u.)
. . . . n=0
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5 Image credit:
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https://arxiv.org/abs/2105.06148

Strangeness Enhancement in ALICE
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https://iopscience.iop.org/article/10.1088/1402-4896/ab85fc/meta

d(Bs)/a(B°)

arXiv:2204.13042
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https://arxiv.org/abs/2204.13042
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