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Measurement of Photons and Neutral Pions in the 
Very Forward Region of LHC

1. Scientific purpose
The main purpose is to establish proton-proton interactions at the highest 
energy region with use of the highest energy accelerator in the world.   
It has been a long dream for cosmic ray physicists.

2. Experimental proposal
The proposal describes that a small calorimeter will be installed in front 
of the collision point at 140m away.    It would be the smallest experiment
using the largest accelerator in the world.

3. The beam condition
We require rather low luminosity operation, say 10 bunches(43) in the 
ring with 1x1010 protons in a bunch.     The machine people will enjoy
a very special run of the accelerator for only a few hours.

4. Summary
We will be able to establish very important data point by this experiment,
which will be very useful for not only cosmic ray people but also 
the GEANT 4 people.                          
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Additional statement on the L.O.I.

Within a year (2004-2005), two new data have been
presented in the 29th ICRC by the AUGER and Hi-
Res groups, but the riddle on the highest energy 
cosmic rays has been left.   It has been cleared that 
the forthcoming results by the LHCf  experiment 
will become more and more important.
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Detector #1: transverse projectionDetector #1: transverse projection
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What we have done in a year
1. Monte Carlo calculations using DPMJET3, QGSJET 

and SYBILL models (popular in cosmic rays).

2. We have made the same detector that we have 
proposed and made an exposure at the CERN    NA 
H4 beam line.
→ e , μ, p     to measure  ΔE/E and  edge effect

3. We have investigated the calibration of the absolute 
value of shower particles in a range from 1000 –
100,000 by using a nitrogen laser system. 

We would like to report mainly those results today. 



Monte Carlo γ ray energy spectrum
106 generated LHC interactions 1 minute exposure



γ ray energy spectrum for different positions 



Examples of simulated events for γ and n



Additional statement on the L.O.I.

Within a year, two new data have been presented at 
the 29th ICRC by the AUGER and Hi - Res groups, but still the riddle
on the highest energy cosmic rays has been left and furthermore 
the forthcoming results from the LHCf experiment has been important.

Summary 1 (on physics)

The particle production cross-section in the very forward 
region that will be obtained by the LHCf experiment will 
be very useful for various Monte Carlo generators.



The calorimeter in the test experimentThe calorimeter in the test experiment
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The CERN test experiment on August 2004 (H4 Beam Line)
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We successfully developed high dynamic range We successfully developed high dynamic range 
photomultiplier system (R7400U modified)photomultiplier system (R7400U modified)

Before Modification After Modification
GAIN: 5000 HV: -400 V GAIN: 260 HV: -450V
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Multiple events/energy contamination
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Summary 2

By the actual experiments, we have demonstrated that 
the experiment proposed in the L.O.I. and Technical Report
of the LHCf experiment CAN measure the production 
cross-section of photons with XF ≥ 0.1 with an accuracy of
ΔE/E~4 %.  The mass of neutral pions will be obtained with
an accuracy about Δm/m ~ 4%.

Hopefully we will be able to get the absolute value of the
mass of neutral pions without any systematic adjustment of
the energy scale of shower particles.
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2 independent detectors on both sides of IPX2 independent detectors on both sides of IPX

INTERACTION POINT

Beam line
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1. Redundancy
2. Background rejection (especially beam-gas)
3. Physics single diffractive/double diffractive
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Summary 3 (on trigger)

The trigger pulse will be made by 

1)   arm #1 * arm#2 * machine signal

2) (arm#1 * machine signal) OR (arm#2 * machine signal) 

3) arm#1* machine signale * ATLAS trigger signal 
(to be discussed with the ATLAS people)

#1
#2

beam
trigger

Diffractive + many 
pions production

Double diffractionSingle diffraction
Many pions production



The beam gas contamination

We estimate beam-beam: beam-gas  = 2 : 1      @ L= 1029 and early stage
but             at the later stage                = 1: 0.01  @ L= 1029 and later stage

At the beginning, taking account of the acceptance for the beam-gas event by the 
M.C. calculation, we found that the ratio between
beam-beam : beam-gas = 10 : 1          (contamination  is ~10%)

However if we will take arm#1*arm#2 trigger, it will be reduced to 1000:1.

Unfortunately a that time we may loose pure single diffractive event.

Therefore we must repeat the data-taking after machine conditioning.

However the above value is estimated for the high luminosity case and in fact
in the early low luminosity case, the gas in the beam pipe would be not so
much.   We must ask a calculation to the CERN vacuum group.



Concluding Remarks
★A very important data will be obtained without 

change of present LHC projects.
★The data will become extremely useful not only 

for cosmic ray physics, but also for 
high energy physics.

★The data will be used for a long time.

• Other remarks
＊We also want to measure N-N or p-N or

or N-Fe collisions. ( N= N2 and O2)
＊We also get another important data on 

neutrons and K0s and the inelasticity.



Schedule
• We will write the Technical Design Report as soon as possible and 

come to present it in the early 2006. 
• We will start the construction of the detector to make the beam test 

in the summer of 2006.

• During that time, we will discuss with the vacuum group of the LHC
and the operation group of the LHC.

• Our detector will be also useful to know the collision rate
between the beam-beam and beam-gas collisions at the beginning.



Accessible region

Coverage of PTγ and Eγ range

Photons in the PTγ-Eγ plot
Red line corresponds to the beam pipe The number of γ detected depends

on the geometrical acceptance





How to calibrate the absolute number of particles like 105

1) The maximum current 100pC is determined from the ADC.
The maximum countable value of the ADC is 100pC. 

2) For the shower particles 105, 25 photo-electrons x 105 particles x 1.6 
x10-19 Coulomb x 250(gain) = 100 pC.  So the gain of the photomultipliers 
must be set at 250.  We searched corresponding voltage to the gain 250 
from the catalogue and found that it should be around 450V. 

3) Then we have searched the Minimum Ionizing Particle (MIP) peak by 
using β-rays.  For the HV -1500 Volts, we have seen the peak.  At that 
voltage, the gain of the photomultiplier is 2.3x105.  The peak of the 1 MIP 
corresponds to 25 photo-electrons and 0.9 pc. 

4) So in actual experiment, we expose our calorimeter at the muon beam at 
first, under HV=-1500V.  Then reduce it to -450V.  Then the muon single 
peak corresponds to 900 particles @-450V. 

5) The minimum resolution of the number of particles is estimated as to be 
25 particles.  But this value depends on the electric noise and pedestal.  
Thus we can say by using the modified photomultiplier, the number of 
particles in a range of  ∼100 – 100,000 MIPs can be measured, using almost 
linear range of the gain of the photomultiplier. 



pedestal peak of beta ray

Peak of Beta Ray Peak of Beta Ray @ @ --1500V1500V
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Neutron spectrum by different model

Neutron energy resolution




