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Motivations
Precise calibration of LHCf detectors  
Originally planed in 2021 beam test, but it was postponed due to COVID19 
Precise energy scale calibration with <~ 2% precision under temperature control. 
(dominant systematic error on our measurements)  
Confirmation of radiation damage during LHC operation  
LHCf run is scheduled for middle of September (right after TS1) 
Radiation may “increase” the light yield of scintillators by ~ 10%   
Slow recovery is expected. It is better to perform the beam test  
as soon as possible after the LHCf run.
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Figure 7. The relative light yield of GSO as a function of absorbed dose to GSO-R. The results are nor-
malized to the first measurement (run #0) where the total dose is 0 Gy, while they are plotted at 1 Gy for
the convenience on the logarithmic scale. The closed (open) markers indicate the output of PMT-L (PMT-
R). The circle (triangle) markers indicate the light yield of GSO-R (GSO-L). The arrow at 105 Gy shows a
decrease in light yield (recovery) during the day time.

3.2 Result of radiation hardness

GSO-R has received a total dose of 7× 105 Gy in this experiment. The relative light yield as a
function of dose is shown in figure 7. The closed markers indicate the output of PMT-L while the
open markers indicate that of PMT-R. Systematic uncertainty in this measurement is defined as
±3% from the maximum difference between the outputs of PMT-L and PMT-R. This is far larger
than the statistical uncertainty in determining the relative light yield. The circle (triangle) markers
indicate the light yield of GSO-R (GSO-L). An arrow near 105 Gy indicates the 10% of recovery
during the day between the two experimental nights of experiments (see section 3.3 for details).

No decrease but rather an increase in light yield was observed with increased exposure. The
amount of increase reached a maximum of 25%. The increase seems to be related to the total
dose below 2×104 Gy, but not above. Only the output of the irradiated sample, GSO-R, shows
increasing yield while the output of the reference sample, GSO-L, did not. Even considering the
systematic uncertainty described above the output of GSO-R is significantly increased by exposure
to irradiation.

A similar increase was also reported in a previous measurement using a 60Co gamma-ray
source [2]. According to the result of [2], the increase was proportional to the irradiation dose
at least below 1.5 kGy. Figure 8 is a close-up of figure 7 GSO data at low dose below 1800Gy
together with the results from the previous 60Co experiment [2] indicated by triangles. In the lower
dose below 1.4 kGy, a good agreement with the previous gamma-ray result with a coefficient of
proportion of 0.025%/Gy is found. At higher doses, however, the increase in the light yield seems
to be saturated in both measurements.
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Beam requirements 
Particles and energies 
protons:  150, 350 GeV 
electrons:  100, 150, 200, (250)* GeV 
*) Highest energy with reasonable intensity 

Beam conditions  
Parallel beams  
Intensity of > 2000 per spill  
beam spot size of ~1.5 cm radius  
 2.5x2.5 cm2 scintillator is used for triggers
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Setup (1 days)

• Installation (0.5 day) 
•DAQ setup (0.5 day)

Operation with Arm2 (2.5 days)

•DAQ commissioning (0.5 day) 
•Energy scan by electron beams (0.5 day) 
•Position scan by election beams (0.5 day) 
•Position scan by proton beams (1 day)

Operation with Arm1 ( 2.5 days)

•DAQ commissioning (0.5 day) 
Energy scan by electron beams (0.5 day) 

•Position scan by election beams (0.5 day) 
•Position scan by proton beams (1 day)

Contingency (additional tests) (1 days)

•Measurement of cable attenuation (0.5 day)

Deinstallation (0.5 day)

Preliminary operation plan 



H2/H4 Preparatory Meeting20-May-2021  

Infrastructure requests
Big movable table  
Required movable range H: 80 cm  V: 20 cm 
Table size: >1.8 m x 1.0 m  

One electronics rack 
locate near the table  

Dry air (gas) for avoiding dew condensation 
Only very small flow  

Crane works  
for installation (1st-day) and de-installation (last-day) 

Geometrical Survey to align the detector to the beam line
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Operation room  
Space for pre-DAQ setup and test  
~ 5x5 m2  
from 1-2 week before the beam time
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A chiller for temperature control (20℃) 
Can we rent it from someone ?

>1000

>1800

trigger scintillators 
40x40 + 20x20

Arm1Arm2Arm2 
El. box

Tracker

ZDC 3 modules

RPD

DAQ 
rackB
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beam test in 2015

This plate size: 2 x 1 m2 
Bigger plate is require  
for this year operation . 



H2/H4 Preparatory Meeting20-May-2021  

Concerns
First time to have a beam test in H2  
Always we did in H4 and no experience of H2 in our 
collaborators.  
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