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Hyperons’ spectroscopy
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HADES
The High-Acceptance DiElectron Spectrometer

FwDet
Straw tube tracker, built 
in Cracow and Juelich. 
It provides information 
about directions and 
TOF.

New calorimeter has replaced 
pre-shower detector. It should 
provide information about fulll 
energy for leptons and 
gammas 

Mulit-wire drift chamber
Tracking detector 
installed in magnetic field. 
Provides information 
about momentum and 
TOF

Ring Imaging 
Cherenkov detector. 
Provides information 
about flight direction 
and allows to identify 
leptons

RICH
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Λ(1520)

Detected particles
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Λ(1520) inclusive cross section

E
k
=4.5 GeV (√S=3.46 GeV) is 0.51 GeV over 

production threshold for Λ(1520), what corresponds 
to Λ(1115) production at √S=3.06 GeV. The cross 
section for this energy is equal 130 μb

PHYSICAL REVIEW C 95, 015207 (2017)



Krzysztof Nowakowski 7/21Paris May 24, 2018

Full list of simulated  channels
Decay channel Cross-section 

[μb]

p Λ (1520) [e+e-Λ]K+ 130

 p p π+ π- π0 1840

 p p π+ π- π0 π0 300

 p p π+ π- π0 π0 π0 100

 p n π+ π+ π- π0 300

 p Λ K+ π0 43

 p Λ K+ π0 π0 10

 n Λ K+ π+ π0 20

 p Λ K+ π0 π0  π0 7

 p Λ (1520) K+ 3% of signal 
reaction (130)

2.
21

 "

2.
19

 "

Multi pion production

 Λ+ di-lepton source
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Strategy of analysis

1.Combine all tracks from FwDet 
and π- candidates from HADES.

2.Calculate minimal distance 
between FwDet track and π-.

3.Reject all pairs distant from 
each other for more then 10 
mm.

4.Assume that track in FWDet is a 
proton and calculate invariant 
mass for π- -proton pair.

5.Reject all events out of Λ(1115) mass 
window (1115-1125 MeV)

6.Z coordinate of reconstructed Lambda 
vertex displaced from target.

7.Reconstruct di-lepton pair and calculate 
its invarinat mass.

8.Opening angle > 5 deg and di-lepton 
mass> π0

9.Sum di-lepton and Λ(1115) 4-vector.

1.Combine all proton and π- 

candidates from HADES.
2.Calculate minimal distance 

between proton and π- track.
3.Reject all pairs distant from each 

other for more then 10 mm.

HADES-FwDet HADES-HADES

p

π-

e+
e-

min_dist

Opening 
angle

Λ0
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Λ(1115) reconstruction
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Results for signal reaction
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Estimation of production rate for pp @4.5 GeV

➢ Beam rate 108 part/s
➢ Target density 2 x 1023 cm-2

➢ Luminosity 2 x 1031 cm-2 s-1

➢ Beam duty cycle: 50%
➢ Trigger dead time: 50%

σΛ(1520)=130μb⋅0.5 =650nb

BRΛ(1520)→Λ e+e−=7.8⋅10−5

➢ Expected count rate 2.5 x 10-4 part/s
➢ For 4 weeks of beam ≈ 613 Λ(1520) detected
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Cascade – done by J. Kuboś

Detected particles
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Cascade – production & background
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Cascade – cross section

σΞ≈4.8μb

Landolt-Börnstein - Group I Elementary 
Particles, Nuclei and Atoms

PRL 114, 212301 (2015)

“Σ0 production in proton nucleus collisions 
near threshold” Physics Letters B,2018
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Cuts

significance

α=
S

√(S+B)



Krzysztof Nowakowski 16/21Paris May 24, 2018

Cuts optimization

25 mm

-20 : 300 mm

20 mm

-50 : 300 mm



Krzysztof Nowakowski 17/21Paris May 24, 2018

Cuts operationalization: final-results
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Cuts operationalization: final-results
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Estimation of a Ξ production for future experiment 

➔ Beam rate  = 10 8 part/s

➔ Target density

➔ Total crosss-section  

ϱ=2⋅1023cm−2

σ tot=4.8μb

≈
3600 particle

hour

Additionally:

➔ Expected beam duty cycle

➔ Trigger dead time 

≈50 %

≈50 %

To produce 1M of Ξ   ≈ 11 h 
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Summary and to do list

✔ The most prominent background channels included

✔ The analysis strategy for Λ(1520) and Ξ tested 

✔ Cuts optimization for cascade prepared

✗ Complete Λ(1520) analysis including CB

✗ Simulate Σ0 channel

✗ Compare our simulation  with HADES Λ data

✗ Find Λ e+e-  in pp+p Nb (8 weeks data) @3.5 GeV data using 
improved lepton identification method
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Thank you for your 
attention! 
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Backup
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How to read table?

Color code:

proton’s momentum 
5.4-5.5 GeV/c

momentum between 
5.6 and 8 GeV/c

data for higher 
momentum, or no 
data

Bold text – channels 
treated as important 
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Λ(1520) – background I
channels with neutral pions + pair proton-pion

p+p p+p+π++π-+π0

e+e-γ
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Λ(1520) background II
reaction with Λ(1115) + di-lepton source

p+p p+Λ+K++π0

p+Λ+K0+π0+π+

e+e-γp π-
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Λ(1520) – Σ0 production

p+p Σ0+p+K+

Σ0+p+K0+π+

Λ e+e- Λ γ
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Cascade – multi pion production

p+p p+p+π++π++π-+π-  

n+p+π++π++π++π-+π-  
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Cascade – Λ with additional π- 

p+p p+Λ+π-+π++K+  

p+Λ+π++K0 (K0→K0
s
 = 50%) 

(K0
s
→π+π- = 69%)  

π+π-
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Cascade – Σ with π- 

p+p p+Σ0+π++K0 (K0
s
→π+π- = 69%)

    (Σ0 →Λ0 =100%)  

π+π-Λ π0
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Cascade – K0 production  

p+p p+p+K0 +K0  (K0→K0
s
 = 50%) 

(K0
s
→π+π- = 69%)
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List of all simulated channels

Decay channel Cross-section [μb]
p p  π+ π+ π- π- 227

p Λ K0  π+ 60

p Λ K+  π+ π- 21,3

n Λ K0  π+ π+ 29,6

p p K0 K0 6.4 

p Σ0 K0  π+ 18
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