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Abstract: The energy of the primary cosmic ray can be calculated froordlscence photons detected
by fluorescence telescope. However, since we can not knowuaenergy of primary cosmic ray, it is
difficult to calibrate between number of photons and eneiggctly. In the Telescope Array project, we
proposed to create pseudo cosmic ray events by using ameslarlectron beam which is injected in the
air. We are developping a small linear accelerator at KEKajpah. The maximum energy is 40MeV,
and the intensity is 6.4mJ/pulse. We stadied the electramb@ynamics and inteaction, and evaluated
the accuracy of the determinating beam energy, beam cum@rghower, detector response by using
PARMELA and GEANT4.

Introduction A Linear Accelerator system

The Telescope Array project(TA) is one of the We proposed that we develop a small electoron
large scale experiment which observes extremely ear accelerator for calibration of FD, we call tF
high energy cosmic ray. It consists of Fluores- as"TA-LINAC”. The maximum energy is 40MeV
cence Detectors(FD) and Surface Detectors(SD).the beam intensity is 6.4mJ/pulse and the pt
FD observes ultraviolet photons emitted from ni- width is lusec. TA-LINAC willbe set up from
trogen moleculin the air excited with electrons in FD to the distance of 100m. The 40MeV ele
air shower. Since the total number of generated tron beam is injected into the air. Since the to
fluorescence photons is in proportion with energy energy of one pulse loses by ionization, the flu
of mother electron, the energy of primary particle rescence photons are generated fron’&d en-
can be calculated from number of photons. How- ergy loss. The number of photons generated v
ever, since the yield of fluorescence photons de- electron beam, 6eV energy loss, left from FC
pend on density, temperature, pressure, and humid-by 100m can do the scale to the number ger
ity of the air, and the distance from fluorescence ated with cosmic ray, f9eV energy loss, awa
detector to core axis of air shower4s10km, the at 10km. Above all, we can calibrate with electr
reconstructed energy of primary particle has large beam as pseudo cosmic ray event whose ener
uncertainties. For example, the total systematic 10?°eV. TA-LINAC can be used for end to end cz
error of Hires and Pierre Auger Observation are ibration, that means we can calibrate some pari
17%[1] and 26%[2][3], respectively. We estimated  eters colectively, except atteuation coefficience
that of TA FD is~23%. It is impossible to cali-  the air. The attenuation coefficience will be ca
brate between energy of cosmic ray and number of brated by laser system. In the TA experiment,
detected photons directly, because we don’t know use LIDAR system and central laser facility(CLF
the true energy of that. We can expect that the cali- If the accuracy of determinating of beam ener
bration by using accelerator beam is usefull for ab- and current can be less thaft,Llwe can modify
solute energy calibration of FD. the systematic error less than?20
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Figure 1: The outline of TA-LINAC which is base on S-band RE&leration system. The feature of T/
LINAC is recycle Linac, that means almost all of componentsept high power pulse modulator are tl
removal equipments to KEKB at the up-grade. The high powksgpmodulator was developed for C-bal
Linear Collider system at KEK[4]

Development of TA-LINAC was started from are 2MV/m and~17MW/m, respectively. The
Apr.2005 at High Energy Accelerator Research electron beam is accelerated in main acceleri
and Organization(KEK) in Japan as joint research. tube(2m-tube). The 2m-tube is S-band2f&ode
Almost all of main components of accelerator sys- Quasi-Constant Gradient type which has 55 ce
tem were supported from KEK. The construction ties, whose length is 2m. We can obtain the acc
was started from this year and will be completed erating gradient as 18MV/m with 20MW input R
in this autumn, and we plan to test of beam opera- The energy of output electron beam from the 2
tion. After beam test, TA-LINAC will be stored in  tube acheives 40MeV, moreover, we can chal
a 40 feet high cube container and will be moved to the output energy from 10MeV to 40MeV cont
Utah, US. nuity using by phase shifter of input RF. We u

Fig.1 shows the illustration of TA-LINAC. The Some magnet for focusing and bending the el
main components are electron gun, pre-buncher,ron beam. The main focus magnet is helmhc
buncher, main accelecrator tube, magnetic |ens1coil, which consists of five solenoid coils, ar
helmholtz coil and quadrupole magnet for focus- it i set up outside of pre-buncher and bunct
ing, 90-deg bending magnet, slit for collimator, The maximum magnetic field is about500G.
high power S-band(2856MHz) klystron and high The direction of electron beam is turn to vertic
power pulse modulator as RF source. The electron Py 90-deg bending magnet whose magnetic fi
gun is thermal field emisstion type which uses dis- i 0.67T@40MeV. In finally, the beam is coll
penser cathode, and the maximum peak current ismated by slit, whose collimator is made by ta
20A. We determined the output voltage as -100ky falum, 50mm thickness. By using 90-deg ber
pulse. The output current can be adjusted by volt- iNg magnet and slit, we can obtain the 40Me
age of trigger pulse. The electron beam is fo- €nergy whose accuracy is less thaf%.1 The
cused by magnetic lens whose maximum magnetic RF system consists of high power pulse mc
field is 1~2kG. The uniforme electron beam just ulator, stepup trans(stepup ratio is 1:15), hi
after magnetic lens is made into bunching struc- Power S-band klystron, low power S-band F
ture which matches with a period of 2856MHz RF source(500W) for input to klystron, and wave
in pre-buncher and buncher. The maximum ac- uides. The output pulse from modulator, wha
celerating gradients of pre-buncher and buncher Maximum power is 110MW(22k¥5000A) and
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Figure 2: Distribution of output energy in case of
10MeV,20MeV,30MeV,40MeV.

pulse width is~2.5usec, is input to the klystron,

after transfomed by stepup trans. The maximum o

uides, which are made by oxygen-free copper, tected by FD(used two telescopes).
propagates high power RF to pre-buncher, buncher

and 2m-tube. output beam and input beam from electron g
in case of 10MeV,20MeV,30MeV,40MeV as 0.5

Simulation of beam dynamicsand inter- 042, 0.21, 0.05, respectively.

action The interaction of 40MeV electron beam in t

air and FD response were simulated by GEAN"

We studied the peformance of electorn beam dy- We used photon yield parameters measured
namics, air shower generated by 40MeV elec- M-Nagano[5]. The point of beam injection wz
tron, and FD responce by using PARMELA and defined in a point 100m away from center

GEANT4. PARMELA(Phase And Radial Mo- mirror of on_e telescopg._ We fou.nd .that th
tion in Electron Linear Accelerator) was developed Shower maximum from injection point is abol
for studing the transversal and longitudinal elec- 0-35 radiation length and almost all of ele
tron beam dynamics at Los Alamos Laboratory. trons contributed to generate fluorescence p
We simulated helmoltz coil, pre-buncher, buncher, ©ns and the total number of generated fluor
2m-tube by using PARMELA. We determined the Cence photons was 6@0'!. Fig.2 shows the
best power of input RF and relative phase, based distribution of fluorescenc_e photons which we
on buncher, to obtain 10MeV, 20MeV, 30Mev, detected by FD. We estimated the number
40MeV beam. These values are summarised in détécted photons as &70’. The maximum
Table.1. The dynamics of electron beam in the Number of detected photons per one PMT v
quadrupole magnet, the 90-deg bending magnet1-6><1_05(=32v000p-e-@Z%_Q-E@C-E-)- Since
and the slit were simulated by GEANT4. We deter- the width of beam pulse is;&ec, we could esti
mined the best magnetic field of quadrupole mag- Mate the maximum ADC counts detected by ST
net as 1.5T/m and the best width of slit as 7mm ~ 8000 counts/100nsec.

to obtain the % accuracy of beam energy. In fi- We discussed systematic error of detected phot
nally, the~1% of electron beam loss their energy by using these simulations. We considered the
by ionization and bremsstrahlung in 108 thick- ror of photon yield, weather conditions, the err
ness stainless window. We estimated the ratio of of detector parameters. The uncertainty of detec
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Beam energy(MeV) || 10 | 20 | 30 | 40 |

Pre-Buncher 0.0064
power(MW)
150

phase(deg)
Buncher 14.9
power(MW)

phase(deg) 0
2m-Tube 15.0
power(MW)

phase(deg) || 60 [ 40 | 15 [ 340

Table 1: Summary of best power and relative
phase. From this results, we found the best RF
power from Klystron is~30MW.

Figure 4: The photograph of TA-LINAC. We cor
structin 12mx 2.5m region to store into 40feet col

hotons from the error of r parameters were ~ . : .
photons from the error of detector parameters we etauner. The total weigth was estimated as 20ton

~5%, and from the error of photon yield axe8%.
Above all, we can expect that the total systematics
is modified from 23; to ~17%. Acknowledements
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A small electron Linac, TA-LINAC, is developing
for energy calibration of FD at KEK in Japan, and
will complete in this summer. The peformance of
electron beam dynamics and air shower and FD
response were studied by using PARMELA and
GEANT4, and we estimated the uncertanties as
~17%. The beam operation in Utah will be started
in this winter.
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