Installation and test of the MEG

Cockroft-Walton accelerator
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alibrations

We are prepared for complementary and redundant calibration methods
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The MEG C-WV accelerator

* Y-ray production by the reactions Li(p,Y)Be and B(p,Y)C

e Main method to check the energy scale and stability of the calorimeter on a
daily basis

Li(p,y)Be 440 keV 17.6 MeV, 14.6 MeV

B(p,y)C 163 keV 210 'mb 4.4 MeV, 11.7 MeV,
16.1 MeV

o LiF target is easier to prepare compared to Li alone but '°F has other lines

~, 70000

o 60000
<t
T
o 50000
e

c
- :
O 40000 :
O

30000 Hi--

300 400 500 800 700  B0O0

T, (keV) E(MeV)




Machine Schedule

* We were almost on schedule with respect to what was shown at the
february meeting

~ end-February 2007 end-February 2007

~ mid-April 2007 ? 19-23 March 2007

~ end-April ! mid-May 2007

~ mid-April to

mid May to end
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Ready!

e Less than two months from the C-WV delivery at PSI the proton accelerator and
beam line are ready to enter into operation

* WVe are able to deliver protons to a target at the center of COBRA to generate
| 7.6 MeV calibration photons

Two-fold

* Installation and acceptance test

e Beam line towards COBRA




Cockroft-Walton area

* The new area was completed and equipped
e Classification as Accelerator facility: subject to rules from: Sachverstindine fir don fochniechan Sirahlnschuls
 BAG Rules (Swiss Ministry of Health) i Hon
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Acceptance

Alignment

Current

Energy

Measurement with an
Aluminum Faraday cup

The alignment was checked
with the usage of a quartz
crystal

A most reliable, simple and
sensitive method for beam
tuning and diagnosis
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Correlation of proprietary
current meter and

SCS2000 (nA)

Li(p,Y)Be line excitation on
thick target (5 ym) + Nal
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Acceptance test summary

Nominal Measured at PSI
Terminal energy range 300 - 900 keV 200 - 1100 keV
Energy ripple < 500 Vims < 50Vims

Angular divergence

< (5 x 5) mrad?

~ (4 x 4) mrad?

Spot size at 3 m <(3x3)cm? <|cm?
Energy setting reproducibility 0.1 % ok
Energy stability FWHM 0.1 % o]¢
Range of current (I - 100) uA (0.1 -135) pA
Current stability 3% o]¢
Current reproducibility 10 % ok
Start-up time < 20 min < |5 min
<2 uSv/hr @ | pA < 0.1 pSv/h

X-ray level from the tank (500 keV)

< 5uSv/hr @ 100 pA

< 0.l uSv/h @ 50 pA

X-ray level in the TIES area

0.5% - 3** uSv/h @ | pA

| 4% - 280* uSv/h @ 50 pA

*
*k
KRk

> 60 keV, on the Al Faraday cup
> 10 keV, on the Al Faraday cup
> 60 keV, 3 cm from the beam line



Acceptance test summary

nﬂ.
o
=

ACCEPTANCE PROTOCOL

>

-
0a

(-

1LOMY SINGLETRON POSITIVE ION ACCELERATOR SYSTEM

Paul Scherrer Institute ref.: E 642950
INKN - Sez. di Pisa ref.: Pur. order n.110
HVEE ref. ﬁb?ﬁU}& ﬁb?pﬂ_

mij| o,
35 | O
o | O
S | &

m
=
o)
3

Immediately after the successful completion of these tests at PSI the equipment will be
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Towards MEG area

e After this date we operated the machine by ourselves
e Successful mounting and operation of the proton beam line elements
* beam shutter - slits - collimators - straight insulated sections - gate valves

* Integration with the experiment slow control (SCS2000 - pressure, valve, currents, bellow
system)

* Matching with the insertion system
 we move 4 mm/s => need |0 minutes to insert the system (40 W)

* to bo tested with the gas system in operation




Final Beam Line schematics

COBRA “edge” position

Hor%ntally deflecting

permane\n.\canets
\( Mnsertion bellow system
\? Pumping station
a /

Horizontally dé‘flgcting dipole

Passibility to intoduce a/ N

"..quadrupole

. Vertically deflecting dipole

This beam line is the result of intensive
tests

The beam position was monitored with the
quartz crystal
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At COBRA edge

e With the magnetic field on we have to adjust the horizontal and vertical
position of the beam

e Horizontal ~ | AVertical ~ 100 mA (few [0s G) RED light = field ON




At C O B RA C e nte I" ~7 c¢m from the center

* We had a significant (~few cm) shift but with the help of dipoles and permanent
magnets we could center the beam

e COBRA splits H* and Hy"




At C O B RA C e nte I" ~7 c¢m from the center

e A larger beam spot is more suitable for our case
e uniform target illumination

e less target consumption for delivered current

e Defocussing using accelerator extraction voltage we obtain a ~ 2 cm beam spot




Beam spot measurement

e CWs-source probe voltage changes the current

e (CWe-extraction voltage changes the focussing

e Camera picture through theodolite grid
 Few mm at full focussing

e ~ 2 cm at maximum CW defocussing
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Centering and Focussing

Some difference between COBRA off and COBRA
on

* Presence of stray fields
Misalighment at COBRA of 2 mrad

We have sufficient handles to compensate for this
effect

Usage of dipoles only
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Time needed for Calibration

* 10 minutes inserting
* 10 minutes conditioning can go in parallel
O(10 minutes) data taking at 30 Hz

* 20k events
* Rate (17.6 MeV) on LXe = |.8 kHz / pA
* 10 minutes extracting

* Alpha-source and LEDs can be done during extraction/insertion

Daily operations Periodic Operations Rare Operations

-Pressure SF6-vessel filling/emptying
- N2 flushing + evacuation
-Pressure-vessel opening/closing

Testing safety aspects (zone-interlocks etc.) - lon-source replacement
- H2-bottle replacement
-Intervention on internal parts

-Automatic or Manual turn-on procedure
-Optimization of source parameters
-Calibration procedure (Bellows + Insertion
System introduction into COBRA beam-
shutter manipulation & reverse procedure)
-Target (LiF) change when required

Trained Shifters + assistant Member of the “C-W Group” + assistant
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Conclusion and perspectives

The system is ready to deliver the desired beam at the desired intensity to
calibrate the LXe calorimeter

.....

No dangerous radiation (x-rays) to the area due to thé

Few things need to be investigated

e optimize optics w/all detectors inside

e test the usage of a quadrupole

e check target duration -

e the usage of the crystal has been of invaluable help but wcsn t possdhlg
the final beamline configuration

SR e

e multi-pixel target

e ~ One week “C-W” beam time
Full integration with PSI safety interlocks

Some new pneumatic elements foreseen (intermediate crystal, FCup)

e Test independently thanks to the separate C-W area
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Back-up slides




Centering procedure




Beam centering

e misalignment of [.2 mrad in x,and iny
* small accelerator misalignment and long lever arm (10 m)
e presence of residual fields (iron platform, neighbouring areas, steering magnets off...)

partially compensates or masks
,.':_I_.# B

Al
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Dipoles in operation

e cobra edge

e horizontal dipole at 0.3V (=100 mA, ~ 20 Gauss) vertical 0.0 (residual fields on
vertical magnet compensate Y)

ETS magent cyrogenic tower Fri.Jun.2z,2007 1 2:02:46 )



Switch COBRA on

* beam towards Berg

* Notice different camera position RED light = field ON

o
The e

ETS magent cyrogenic tower Fri.Jun.22,2007 20:39:30




Re-adjust horizontal dipole

* Horizontal dipole = 1.5V

* Vertical = 0.1V RED light = field ON

- : ll.. :l

ETS magent cyrogenic tower Fri.dun.2z,z007 20;




At C O B RA C e nte I" ~7 cm from the center

* We had a significant (~few cm) shift but with the help of dipoles and permanent
magnets we could center the beam

e COBRA splits H* and Hy"
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At COBRA center

e Defocussing using accelerator extraction voltage

e ~ 2 cm beam spot

ETS magent cyrogenic tower Mon.Jun.2g,2007 23:20-4




‘in-run’’ calibration

* |tis possible to have a simultaneous y & photon run

e check of the gamma line behaviour in true experimental condition
* Not exactly at the center of the detector
e Also alpha-sources

e trigger pulse shape discrimination

e tested w/real trigger boards at the Pisa PMT test facility

environment radioactivity
+Cosmics -

\HHHHIII“.. |
1

a trigger selection
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X-rays from the C-W

* Proton Induced X-ray Emission

* Each element emits caracteristics X-rays

* Medical Physics, geology, etc...

e small brehmsstrahlung background
* Independent p-current normalization

* Nuclear reaction detected by dedicated hardware
e Sub-detector calibration

e (Check of safe radiation level ok!

e MEGTNO4I

Particle Induced X-ray Emission (PIXE)
associated with the MEG Cockcroft-Walton

June 26, 2007

A, Baldini, C. Ewmpul ad, F. Cei, M, Corbo, L. Galli, G. Gallucei,

II Grassi, D. 1 A, Papa '._4 Dignc IIHHL



Transport simulation

e Beam simulation with Transport

Zmin= 0.00 m Zmax= 15.00 m Xmax= 5.0 cm Ymax= 5.0 cm Ap * 1.00 11-Jul-06 10:05:35




