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W Systematic Uncertainty of
TAFD Energy Scale

. TA-FD Hybrid Analysis,
Systematlc €rrors 2010.March.JPS, presented by D.lkeda

Fluorescence
vield 4 }
Detector Main Large Systematics

Atmosphere

Primary
particle mass

cori\ggﬁon End-to-End Calibration

Total Need !!




@ Electron Light Source (ELS)

Energy Scale of Telescope Array ( TA ) experiment
= Decided by Electron Beam from LINAC(ELS) near FD site

~ Electron Light Source ( ELS) = A unigue absolute energy calibration

COSMIC RAY
Shower Image made by qu
Geant4 .
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ELS is located at 100m far from FD

Known beam energy = We can estimate energy deposit in the
Wedan calibrate all of FD calibration constant = End-to-End Calibration




W The Specification of ELS

NEROEC

B Energy . 40MeV

The electron energy in 102V Air Shower
( 10MeV~1GeV )

B Position . 100m far from FD
Range of 40MeV electron~FoV of TA-FD

B Current : 10%-/pulse
102V Air shower 10km far from FD
=>106eV @ 100m =101%eV/4 X 107eV~10%-

B Pulse Width : 1 usec

Time scale of signal of air shower in ~1PMT




Development of ELS

'ELS was developed in KEK \




.% Design of ELS

o

RF System _ ]
Frequency=2856MHz 20kW Cooling Unit

Output Power~20MW 30°C,110L/min
L]

Core Monitor
(Current Transfer)

Electron Gun Ay I __
(100keV) T Tl =t | - | «— Collimator
] (SLIT)

90-deg
Accelerator Unit Bending Magnet

( Buncher, Accelerator Tube, Focus Magnets, Steering

Cajls. L .
T Instaﬁ'atl%)n RE system and Accelerator Unit into the 401t container

Cooling Unit into the 20ft container
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ﬂ Construction of ELS in KEK injector

—-Construction Apr.2005 — Jan.2008
-Beam Operation ‘08.Feb.22

Beam Condition

- Repetition ~ 0.5Hz

- Energy ~ 40MeV

— Current
107250pC/pulse

Built in
Shield room

I Bending Magnet §

T

slit for Collimator

This photo was taken in ‘08.Dec.24 after removal all Shields.




“f‘ Final Figure of ELS at KEK
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@ Shipment of ELS KEK to U.S.

‘\f&.-(.}']_ﬁ.&./;

ELS was moved w/o disassembly

=l

Long Beach
(L.A)

2009. Feb.23rd (Mon) Carried out from KEK
Mar.19th (Thu) Installation of ELS into FD site
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iﬁ@ ELS Slte at FD Site

o/

Feb-Mar.2009 ELS was installed at the FD Site 100m far from FD
Apr.2009 — May.2010 Setup the infrastructure of the ELS
Jun-Sep.2010 Standby of the ELS Beam Operation

Beam Shot Direction

Radiation Controlled Area Concrete Shield
2ft-thich, 12ft-height

ELS Control
BRRANLAN cableis (IS e Generator (80kW)

connected from FD b et Power for ELS operation
~50kW
Keep power for
Air Condition and Vacuum
B from generator in FD site.

Cooling Unit Container
Taken the picture in Sep.5".2010 from top of the FD station
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W ELS Radiation Safety

A‘?OJ‘EC:;'

Administrator . University of Utah Radiation Protection

I
Radiation Safety Officer (RSO)

Responsible User(RU)
¢ % ]

Onsite-Radiation Safety

Officer (Onsite-RSO)
Onsite-Responsible

User(Onsite-RU)




COEE..
.Q.SE‘ LP-E

@2 First Shot and Detection by FD

ROJEC™

Event Display of ELS Shower

Data : Sep.5™ .2010.
AMO04:30(UTC)

Energy : 41.1MeV
Charge : 50pC/pulse

Beam Operation . Sep.2nd —4th

Beam shot into the Sky : Sep. 34 and 4th
# of Shot into the Sky~ 1800 pulses
Output power = 41.4MeV X 40~ 140pC/pulse X 0.5Hz




Data Analysis




“OPE .
S

5 Energy Calibration w/ ELS

“ROJEC™

Energy Calibration =
Comparison of MC simulation and DATA

DATA
N e

i= =1

256 (N DATA) 256 Vid GOLL 256 7
; $2ria Z (N p.e. )i = Feaiip X Z (N 0.e. )i + Ceatib
Tt —_—

I=PMT#

256

Change the beam charge Z(Ngﬂg) Correction factor, constant

i=1

Correction of MC used the correction factor and constant




W Energy Calibration w/ ELS

E ﬁ?mgd“.-

~— Real

Dafg 5 pata

 Beam monitor ( Time, Energy, Beam Current )
- FD Data

» Shower data which is observed with FD
* Environment condition ( Temperature, Pressure, Humidity, ,,, )
Weather station at FD site

.

~—— MC Data

- Shower Simulation
» Air shower simulation by using Geant4

We want to use more than two codes for double check
of “Enerqgy deposit” in the air.

- FD Simulation
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.% Performance the Air Shower

(2) The scattering angle of |

(1) Longitudinal distribution .
primary electrons
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The distribution depends on temperature( density of air )
>This effect is small in the FoV ( height : 10m 70m)




W Data Checking

Data set : Taken in Sep.5th (UTC)
checking nowe-*

“ Wavelorm of IPMI!
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& .
. Systematics Improvement

B Fluorescence Yield( 12% > ~a few %)

In ideal, the systematic uncertainties becomes to be zero.
-The uncertainties of the spectrum remains ~a few % ?

B Fluorescence Detector ( 10% = ~a few % ?)

In ideal, the systematic uncertainties becomes to be zero.
-The FDs which can not be calibrated by ELS will be calibrated
by relative calibration with laser system~a few % ?
W ELS( ~4%)

- The uncertainty of output energy can be ignored.
- in case of 40 =2MeV > # of detected photons < 1% difference.

-The uncertainty of the beam charge = 4% ( beam test in KEK )

Improved Systematics <10% = The total systematics ~10%+ «
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j@ Operation of ELS

I TI1Y .
E f’%mcf»_. ’

B We will operate ELS for calibration every about 2 month

We want to calibrate FD in different air condition,
and study their dependence, and time variation.

But we need — Beam conditioning.
( next week *++ in Utah )
Beam direction, position monitor,
Energy, Current measurement---

- More Data Checking, and MC study.




@ Potential of ELS

B Standard energy calibration source for UHECR observation

B Fluorescence experiment

B Radio Detection

B And your ideal ---




Summary

Absolute Energy Calibration
( Calibrate all of calibration constants by one source )

Status of ELS

= End-to-End Calibration

Sep.2010 First Shot was Detected !

On Going!!!

Started Energy calibration by ELS!!!!
- Shower simulation by using Geant4 —> checking their performance.

- Data Analysis - checking.




