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M easur ement of Photons and Neutral Pionsin the

Very Forward Region of LHC

1. Scientific purpose
Themain purposeisto establish proton-proton interactions at the highest
energy region with use of the highest energy accelerator in theworld.
It has been along dream for cosmic ray physicists.
2. Experimental proposal
The proposal describesthat a small calorimeter will be installed in front
of the collision point at 140m away. It would bethe smallest experiment
using the largest accelerator in the world.
3. The beam condition
Werequirerather low luminosity operation, say 10 bunches(43) in the
ring with 1x10%° protonsin a bunch.  The machine people will enjoy
avery special run of the accelerator for only afew hours.
4, Summary
Wewill be ableto 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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New AUGER and Stereo Hi Res data (preliminary)
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Additional statement on theL.O.l.

Within a year (2004-2005), two new data have been
presented in the 29t ICRC by the AUGER and Hi-
Res groups, but theriddle on the highest energy
cosmic rays has been left. 1t has been cleared that
the forthcoming results by the LHCf experiment
will become mor e and mor e important.
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EHE TAN for the luminosity monitor
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Detector #1: transverse projection

‘l

ront Knd

Yiking chip

Hamamatsu MA-PMT
for scintillating

E fibers
WLS fibers to NI = 1 PMTs for WLS
readout plastic /. fibers
scintillators
> y~7.8 N

y~85 > Rapidity range

VvV WV

yzoo /

BEAM AXIS

«— 130 mm——

90 mm



6 %

< Be(> 6) > (ptel’s)

Root mean squarel

No scifi saturation
and fit to it
— With scifi saturation at T
1000 ptels B
e 4.2 x 103=2
10000 s 100
1000
100 1000
10
- Xe(> 6)
&R
it \-“\
5 L
= E — 5
E ok Fraey + 1.2
2 R £
8 - . 0 O)
= 3
ey e ‘
%’0 No scifi saturation s
o __  andfittoit e
U
o With scifi saturation at
1000 ptcls :
1 i
100 1000

2cm X 2cm tower

— 2%

B, (GeV)



Geometircal acceptance
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What we have donein a year

1. MonteCarlo calculationsusing DPMJET3, QGSIET
and SYBILL models (popular in cosmic rays).

2. Wehave madethe same detector that we have
proposed and made an exposure at the CERN  NA
H4 beam line.
— e, u,p tomeasure AE/E and edge effect

3. Wehaveinvestigated the calibration of the absolute
value of shower particlesin arangefrom 1000 —
100,000 by using a nitrogen laser system.

Wewould liketo report mainly those results today.



Monte Carlo vy ray energy spectrum

10° generated LHC interactions - 1 minute exposure
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y ray energy spectrum for different positions

Gamma Energy Spectrum
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Examples of simulated eventsfor yand n

400 GeV photon




Additional statement on theL.O.l.

Within a year, two new data have been presented at
the 29" ICRC by the AUGER and Hi - Resgroups, but still theriddle
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.
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The CERN test experiment on August 2004 (H4 Beam L ine)
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We successfully developed high dynamic range
photomultiplier system (R7400U modified)

B SOCKET
::F[Ed?ﬂnl‘l.'

Reg
R3S
R7
R&
RS
R4
R3
R2
R1

GND (BLACK)
= Ca
= [

= 1

H1 1o AB: 330 kit
RE: 160 kY
LY 10 G310 nF

o -HV [VIOLET}

ADC Value [1ch.=0.25pC]

14)]
=]
o

B
=]
o

W
=]
o

N
=]
(=)

100

Before Modification \
GAIN: 5000 HV: -400 V

0.10.20.30.40.50.60.7 0.8 0.9 1
light intensity [<10° photons]

Normal

Modified

Assembly Assembly |
1K C % c
2K C L
2K C 2K C
2K 1.3K C
2K 1K
2K 1K
2K 1K
2K 2K
2K 2K

K=160k52 K=150k ¢}

C=10nF C=10nF

After Modification
GAIN: 260 HV: -450

1))
=]
o

ADC Value [1ch.=0.25pC]

B

o

o
|

)

o

=)
|

N

=]

=]
!

100__ .............. # ........

@'2"'4'”6"'

8 10 12 14 16
light intensity [<10° photons]

V




HV — GAIN at R7400U Modified

_.
—

2.3x10° [-1500V]

*
\

Detector Calibration by Muon

Io.9x1o3

2.5x10° [-450V]

>

................... I N A I R

LHC Experiment



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.l. and Technical Report
of the LHCf experiment CAN measur e the production
cross-section of photonswith X 2 0.1 with an accuracy of
AE/E~4 %. The massof neutral pionswill be obtained with
an accuracy about Am/m ~4%.

Hopefully we will be able to get the absolute value of the
mass of neutral pionswithout any systematic adjustment of
the energy scale of shower particles.
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2 independent detectors on both sides of IPX

o P
Detector I P & Detector II
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1. Redundancy
2. Background rejection (especially beam-gas)
3. Physics single diffractive/double diffractive



Detector #2
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EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH
European Laboratory for Particle Physics

Large Hadron Collider Project LHC Project Report 674

RESIDUAL GAS DENSITY ESTIMATIONS
IN THE LHC EXPERIMENTAL INTERACTION REGIONS

A. Rossi and N. Hilleret

Abstract

The residual gas density for proton-proton runs in the LHC interaction regions IR1, IR2. IRS5 and IR8
has been estimated using the VAcuum Stability COde (VASCO) [1] for the two scenarios of machine
start-up and after electron scrubbing [2]. The results can be used for estimation of background noise to

the LHC experiments for those operation phases.

Accelerator Technology Division

CERN
CH - 1211 Geneva 23
Switzerland

Geneva, 18 September 2003
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Summary 3 (on trigger) #1

#H2 trigger
Thetrigger pulse will be made by b—' ==

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

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

3) arm#1* machinesignale* ATLAStrigger signal
(to be discussed with the ATLAS people)
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The beam gas contamination

We estimate beam-beam: beam-gas =2:1 @ L= 10% and
but at thelater stage =1: 001 @L=10®and later stage

At , 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

However if wewill 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 Isestimated for the high luminosity case and in fact

in the early low luminosity case, the gasin 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.

Y The data will become extremely useful not only
for cosmic ray physics, but also for

high ener gy physics.
% The data will be used for along time.

e Other remarks
*k We also want to measure N-N or p-N or
or N-Fecollisions. ( N= N, and O,)

*k We also get another important data on
neutrons and K% and the inelasticity.



Schedule

Wewill writethe 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.
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How to calibrate the absolute number of particleslike 10°

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

2) For the shower particles 10°, 25 photo-electrons x 10° particles x 1.6
x101° 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 lonizing Particle (MIP) peak by
using B-rays. For the HV -1500 Volts, we have seen the peak. At that
voltage, the gain of the photomultiplier is 2.3x10°. The peak of the 1 MIP
correspondsto 25 photo-electronsand 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 correspondsto 900 particles @-450V.

5) The minimum resolution of the number of particlesis estimated asto 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
particlesin arange of ~100 — 100,000 M1 Ps can be measured, using almost
linear range of the gain of the photomultiplier.



Peak of Beta Ray @ -1500v
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Neutron Energy Spectrum
of 20mm Calorimeter at beam center
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Total Energy of Particles (GeV)
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