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S518 – 4 weeks
p@4.5GeV

J. Pietraszko, GSI Darmstadt, Accelerator Meeting, 28.09 2021, zoom

Beam parameters

Outline: 
- HADES subsystems - overview
- Beam line components
- Alignment procedure
- Feb2021 test results
- Improvement options:

- Alignment
- Beam diagnostic elements
- Beam optics simulation

- Beam optic software availability for HADES team (BENO) 
- LoI for 2023-2025 requested by G-PAC – pion beam



Heavy Ion vs. Proton HADES setups
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P setupHI Setup

T0 for HI T0 for MIPs

InnerTOF system

STS1, STS2 -
Straw Tubes

fRPC system

FWall for HI

Common HADES core detectors:
RICH, MDC, TOF, RPC

Target for HI LH2 Target

Minimal working time period without contingency: 3 months !
Expected risks:  

- Activation of components
- Not enough time for system integration

HADES procedure used to reduce the risk of failure:    Hardware freeze-out 1 month prior to experiment!

New detection systems developed and installed for pp@4.5GeV 
– need to be dismounted for HI run

- T0 based on LGADs for MIPs
- Inner ToF system
- STS1/STS2 (PANDA-Straws)
- fRPC detector
- LH2 Target

Parallel operations for mechanical activities are not possible due to: 
- Safety aspects: magnetic field, liquid hydrogen target
- Space limitations and crane availability
- Sequential mounting of detectors
- Availability of experts
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Simplified, realistic project gantt chart
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Example time period



S518 Proposal Beam Requirements

1. Proton beam @ 4.5 GeV
2. Slow extraction 
3. Beam intensity of 108 p/s
4. Spill duration > 13 s to  improve the duty factor
5. Stable, well focused beam on the HADES LH2 target, 

 beam spot diameter < 0.5cm (+-3sigma, 99,73%)
6. Beam HALO/tail < 10-3 at 0.7 cm from the beam axis
7. Desired micro and macro time structure (Q<5)
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Macro spill structure feedback 
spill with feedback: (x 7.2) 
dabc-2019-03-21-17-27-40.root 

HADES+PANDA PHASE 0 PROGRAM
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HADES Beam Line Aperture Limitations 

Beam aperture in HADES 
 (1) Beam spot at the Profile screen < 2cm
 (2) Beam spot at the T0  < 1.8 cm
 (3) Beam spot at the target <  0.5 cm
 (4) Beam spot at the STS2 < 10 cm  
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HADES Beam Line Alignment 

Two optical telescopes used for alignment procedure
 One upstream of the target
 The second one at the beam dump
 Both will be re-aligned with respect to the beam axis

 On-going process – this week !
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HADES Beam Line Alignment 

Two optical telescopes used for alignment procedure
 One upstream of the target
 The second one at the beam dump
 Both telescopes will be re-aligned with respect to the beam axis

 On-going process – this week !
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Heavy Ion vs. Proton HADES setups
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HODO
GSI

fRPC
LIP Coimbra, Portugal
GSI

STS2
JU, Cracow, Poland
GSI

STS1
Juelich, Germany
GSI

FWall
INR Moscow, Russia
NPI Rez, Czech Republic
GSI

Downstream part of the HADES Spectrometer
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Heavy Ion vs. Proton HADES setups
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STS2
STS1

InnerTOF
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HADES Beam Line Aperture Limitations 

Essential beam monitoring 
 (1) Beam spot at the Profile screen < 2cm
 (2) Beam spot at the T0  < 1.8 cm

LH
2

 t
ar

ge
t,

b
ea

m
 s

p
o

t 
< 

0
.5

cm

T0
 d

et
ec

to
r 

m
o

u
n

ti
n

g 
p

o
si

ti
o

n
,

b
ea

m
 s

p
o

t 


< 
1

.8
 c

m

1667

9

HAD QD51HAD QD52

4816.7
2823.7

5000

Beam direction

MagnetMagnetTarget/T0 detectorHADES Spectrometer

STS2 

400

P
ro

fi
le

 g
ri

d
Sc

in
ti

lla
ti

n
g 

ta
rg

et

STS1 

6000

fRPC

Veto

8000

(1)

(2)

(3)

(4)

(5)

(0)

(3)(4)

ST
S 

2
 S

tr
aw

 T
u

b
e 

ap
er

tu
re

  
1

0
 c

m

J. Pietraszko, GSI Darmstadt, Accelerator Meeting, 28.09 2021, zoom

(2)

Magnet



HADES Beam Line Aperture Limitations 

Essential beam monitoring not abailble in Feb 2021!
 (1) Beam spot at the Profile screen < 2cm
 (2) Beam spot at the T0  < 1.8 cm
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(2) HADES LGAD 2cm x 2cm
HADES T0 detector

2 layers X and Y

2 cm

Magnet



HADES LH2 Target – focusing procedure 

Details of the LH2 Target construction

Empty target
HADES p+p@3.5GeV

APR 2007

Empty target
HADES p+p@4.2GeV

Feb 2021

Off-target
interactions

J. Pietraszko, GSI Darmstadt, Accelerator Meeting, 28.09 2021, zoom

beam direction

Target reconstruction by means of HADES tracking system

beam direction

beam direction

LH2 target, int. prob. 0.8%

Nominal beam interacting with target holder creates radiation up to 100 times 
greater than when it interacts with the target

Safe beam focusing procedure:
(a) Transport the beam up to HADES without sending it to HADES cave 
(b) Focus the beam in HADES using intensity of 106 p/s

mailto:p+p@3.5GeV
mailto:p+p@4.2GeV


HADES LH2 Target – Z position of the beam focus

J. Pietraszko, GSI Darmstadt, Accelerator Meeting, 28.09 2021, zoom

200 cm

profile Grid
Target

5 cm

2 cm diameter

Beam diameter
at the end of the target

beam direction 

200 cm

Target

5 cm 2 cm diameter

Beam diameter
at the end of the target

beam direction 

Beam parameters to be 
monitored:
• X/Y beam position
• Z coordinate of the focus point
• Beam tails in both directions

Similar effect seen in Ag+Ag experiment !



Preparation status based on the Feb2021 test experiment 

• Severe difficulty in bringing the beam to the HADES cave
 Several Power Supply Units damaged due to too high intensity/beam instabilities  

2 PSU of MDC + 5 PSU of RICH burnt  serious safety issue beam abort system under construction 
• Poor beam focus quality, a lot of reactions outside the target

 Feb21: 28 % of useful pp events only 
 Apr07: 76 % of useful pp events    Ratio: 0.37
 Most likely the beam (halo/tail) was too wide
 Unstable spill shape

• Poor micro-spill structure, Q-factor about 18

1ms/div
Empty target

HADES p+p@3.5GeV
APR 2007

Empty target
HADES p+p@4.2GeV

Feb 2021

Off-target
interactions

Feb 2021 – test beam Feb 2021 – test beam

Extrapolation from Feb2021(test)  Feb2022(S518)
Reduction factor foressen in the S518 proposal: 0.5 x 0.7 = 0.35 
Feb2021 test reduction factors:  0.3(duty factor) x 0.37 (beam focus) x 0.3 (Q=18) = 0.033

Ratio: 9.5
4 weeks / 9.5 = 2.9 days effective beam in HADES  !

Q-factor > 18

J. Pietraszko, GSI Darmstadt, Accelerator Meeting, 28.09 2021, zoom

beam direction

*Apr07 fraction of pp events: 0.76
Feb21 fraction of pp events: 0.28       

mailto:p+p@3.5GeV
mailto:p+p@4.2GeV


Summary

• Difficulties in transporting the beam from SIS to HADES cave 
 Beam transport simulation from SIS to HADES needed well in advance – experts needed
 Two step approach:

- SIS18-NE5 beam transport
- Focus in HADES at low intensity, 106p/s

• Insufficient focus quality at the HADES LH2 target, beam halo/tail  
 Beam transport, beam diagnostics (profile grid and scintillating target) are essential at intensities 106 p/s
 HADES T0 detector

• Hardware damages due to too high intensity/beam instabilities  
 A fast beam abort system based on HADES detectors

• HADES part (detector interface and abort signal generation in preparation)
• Should be ready in 2022   

• Beam parameters for S518 experiment
 Spill duration > 13s, improved spill shape, duty factor
 Micro-spill structure, Q-factor < 5
 4.5 GeV is required

• Final beam optimization, fine tunning needed on the HADES side: X/Y +-3mm, Z+-10cm
 Equivalent of  MIRCO software (BENO) with direct access to the accelerator during HADES operation 
available for HADES experts

https://doi.org/10.1140/epja/s10050-021-00388-w

Expected results 

J. Pietraszko, GSI Darmstadt, Accelerator Meeting, 28.09 2021, zoom



HADES plans for 2023-2025 - letter of intent for G-PAC

Pion beam case – open questions.

J. Pietraszko, GSI Darmstadt, Accelerator Meeting, 28.09 2021, zoom

LoI deadline is October 15, 2021.
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Thank you

backup slides  


J. Pietraszko, GSI Darmstadt, Accelerator Meeting, 28.09 2021, zoom



HADES Beam Line Upstream of the LH2 Target
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HADES beam line contact person: 
Erwin Schwab, 2448
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Heavy Ion vs. Proton HADES setups
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1.5m

Liquid Hydrogen Target
- Cryo infrastructure
- Safety infrastructure  
- Power/H supplies

Proton T0 detector

HI segmented target
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J. Pietraszko, GSI Darmstadt, 4th Beam Time Retreat , 7-9 July 2021, zoom



21

J. Pietraszko, GSI Darmstadt, Accelerator Meeting, 28.09 2021, zoom



22

LH2 Target w/o coverage (service)
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more details in tech drawings
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