Progress on Instrumentation

e Preparation of the Conceptual Design Report

e Today CLIC instrumentation
e Baseline solutions

e Alternative scenario(s)

e Perspectives & Conclusions

T. Lefevre, CERN BE/BI IWLC - 20th of October 2010



What was done for the CDR

ce long time already: Are they Feasible now ?
bunch length monitor — 1um transverse profile monitor

n the CLIC needs

g big unknown !

ation with appropriate technology choice

lutions which would impact either on cost or

nological developments for cost reduction
maintenance

Relatively small group at CERN relying a lot on external collaborations
J
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What was done for the CDR

perts to define a road map for feasibility

baseline scenario
) workshop in June 2009 — 2days and ~50 participants
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1- Discuss the beam instrumentation requirements for each CLIC sub-
systems and identify Critical Items and the need for new R&D

2- Evaluate the performance of already- ‘)§l§ting technologies




What was done for the CDR

beam parameters and take into account additional
tion system and Beam commissioning strategy

1e-16

required that annual ‘1 MeV neutron equivalent fluence’
rgy >20 MeV, near beam line is less than 101° and 10° cm™2
corresponds to:

he instruments with reduced beam charge or larger
ning

Talk on ‘Status of CLIC operation and Machine Protection’
by Michel Jonker at 17h20 in Room22 — Floor 0




What was done for the CDR

s from beam dynamic — first iteration in 2008
kms of beam lines requiring > 50 000 instruments

imulations to hardware development’

to define a road map for feasibility demonstration

2009 — 2days and ~50 participants

dditional requests from working groups on Machine
commissioning strategy

uments with reduced beam charge or larger emittance for beam

~ 20 Contributors for beam instrumentation chapter

and ~80-100 pages




What‘s in the CDR

Review the CLIC Beam instrumentation

by Instrument type

- Explain the requirements
- Describe the baseline choice
- Discuss alternative scenario(s)




Beam Position Monitors

Machine Intensity | Train duration (ns) / Accuracy / Time Quantity Beam
Sub-Systems (A) Bunch frequency (GHz) Resolution Resolution aperture
(um) (ns) (mm)
Main Beam A
¢ & e injector Complex 0.5 156/ 1 100/ 50 10 83 /40\
Pre-Damping Rings 0.5 156 /1 tbd./ 20 10 600 0/ %
Turn by turn
Damp . . . L 00 20/9
High accuracy (5um) resolution (50nm) BPM in Main Linac and BDS
RTML 1 156/2 \ /10 1424 various
—
Main Linac 1 156 /2 5/0.05 10 4196
Beam Delivery System 1 156/2 5/0.05 10 600
Spent Beam Line 1 156/2 thd / 1000 100 12 various
Various range of beam pipe diameters from 4mm to 200mm
o . : 660 40
all over the complex (to minimize resistive wakefield effects) 10 %
Complex 05> 12
Transfer to Tunnel 100 24 x 240ns / 12 40/ 10 10 872 200
Turn around 100 240ns / 12 40/10 10 1920 40
~ N
Decelerator 100 240ns / 12 20/2 10 41484 \ 26
Dump lines 100 240ns /12 20/ ] 96 \4()/

Very high numbers of BPMs for the DB decelerator




Beam Position Monitors

Manfred Wendt on ‘BPM R&D
for ILC/ CLIC Main linac’

Monopole Mode
Reference Cavity

Main Beam
e & e’ injector Complex 83 Button 6mm
Pre-Damping rings 600 Button 6mm
Damping rings 600 Button 6mm
RTML 1424 Button 6mm
Main Linac and Beam Delivery system 4796 _ Cavity type =R
Spent Beam Line 12 Button / Strip line
Drive Beam
DB source and Linac 660 Button 6mm Downconverting
210 Button 6mm Downconverting
872 Button 6mm Direct sampling
1920 Button 6mm Direct sampling
Lm_l Downconverting
96 Stripline 25mm Downconverting

Lars Soby on ‘CTF3 BPMs: electronic, radiation and
ith on ‘CLIC

) operational challenges’ at 16h50 in room 5 - floor 3
am BPM




Transverse Profile Monitors

Charge limitation problems in
Machine Emittance Energy Resolution | Quantity | Charge der218
Sub-Systems (nm.rad) (GeV) (um) (nC/em)| many places / Strong need for
Main Beam _ N\ non-interceptive devices : two
it] ' i i / 2\ <510° | systems required to cover the
Critical Issue on micron resolution beam profile y q
. 4 <510 .
measurements > 100 monitors | —| total dynamic range
= 2 < R —
Pre-Damping Rings (H/V) 63000/1 | 2.86 50/10 4 ‘ /& 510°
Damping rings (H/V) < 500/5 % 4 / <510° \
RTML 510/5 2.86 > 70 <510°
9
Main Linac 600/10 9 10/1 48 <510° y
21500
) " The thermal limit for
Beam Delivery System 660/20 1500 10/1 8 <510 p , .
best’ material (C, Be,
Spent Beam Line >660/20 < 1500 M 6 < (y SiC) is 10° nC/cm?
Drive Beam /'(
Imaging of high energy spread beams [ 2.37 50 10 <4010°
) 6
— at the end of the decelerator ] 30 20 —
Iallsiclh (U 1T UHIIICT \ 1TUYJ 237 50 2 < 40 10()

o~

Turn around 100 2.37 50 92 <15 10°
Tocclerator 150 <237 50 576 > 15106

Dump lines > 150 <237 100 | \ 96/ \ Relatively big number of
\/ Instruments ~ 1000




Transverse Profile Monitors

R&D on Laser Wire Scanners High resolution imaging using X-ray SR or LWS for
discussed in ‘Instrumentation Damping rings developed @ ATF2 and 3™ generation
progress at ATF2’ by Toshiaki light sources

Tauchi at 11h00

Main Beam LWS expensive = High resolution
St OTR & XUV Diffraction Radiation
Pre-Damping and Damping rings as alternative solutions to be
RTML 0 ATM/ investigated
€ESR.TA Talk on proposed R&D program for
Main Linac and Beam Delivery system 56 ATF2 DR @ C ES R-TA
CESR-TA
Spent Beam Line 6 OT Scintillating screens CERN
Drive Beam \
DB source and Linac 10 OTR / LWS ODR FEL’s
Frequency multiplication complex 20 OSR XSR Sync light sources
PSI, PETRA, ..
Transfer to tunnel 2 OTR / LWS \)DR FEL’s
Turn-arounds 96 OSR x Sync light sources
PSI, PETRA, ..
Decelerator and Dump lines 672 OTR \\ CERN
Laser technology development by Laura Corner on ‘Fibre Laser for advanced beam diagnostics’ at 11h20




Longitudinal Profile Monitors

Machine Bunch length (mm) Energy Resolution Quantity
Sub-Systems (GeV) | Bunch (ps)/Train (ns) ®9 Full longitudinal Profile (P) versus Bunch length (L)
Main Beam . .
¢ injector Complex 5 0.2 2/10 /3™ < Comp|EXIty and Price
¢’ injector Complex 11 0.2 5/10 / 5° \ / 510 1200 -
Injector Linac (e/e’) 1/5 > 2.86 0.5/10 2" <510° 10000, ;.012:’:5.“ ]
Pre-Damping Rings (H/V) 5 2.86 2/10 N 2° / <510° 8000 CR.MTV496 |
Damping rings (H/V) 1.5 2.86 0.5/10 <510° E-BDOU- J
. = Bunch length (FWHM)
RTML <510° :::4000, 16.85+/-0.67ps
- Bunch compressors 1 2.86 0.1/10 4" = 5000
- Booster Linac 2.86 > 0.1/10 0 ol
- Transfer lines - Turn arounds Z 0.1/10 4 -200 S—do 80 #0002 T4
- Bunch compressor 2 0.02/10 Time [ps]
9 N
Main Linac 9 \o.nzno a8 -sm~__| Critical Issue on measuring 150fs bunches
~ 1500
Beam Delivery System 0.044 150003710 2 <5 10° with 20fs resolution
Drive Beam
Source and Linac 4/0.5 > 2.37 1/10 \X <40 10°
Frequency Multiplication length (x pacing 2.37 1/10 \% Lo ngrtud | na | gymn ast|c fo r
- Delay Loops 6
-TLI 2 \ bunch length shortening and
- Combiner ring 1 2 .
1 5 lengthening and for DB bunch
- Combiner ring 2 2 . . .
s ) frequency multiplication
Transfer to Tunnel 2.37 ﬂ! m 4 < 40 10
Turn arounds 237 w& <1510°
.?mhcﬂmdpressorl mo.\\ Difficult to have both profile measurement
- Bunch Compressor 2 % ™ and to provide the bunch length evolution
Decelerator 1/12 <237 0.5/10 48" >1.510°
Dump lines 1/12 <237 0.5/10 48" >1.510° over the pulse train: two separate devices




Longitudinal Profile Monitors

Machine Quantity Technology choice Place to be Tested Collaboration with U. Dundee and
Sub-Systems Daresbury on Electro-Optical

Main Beam techniques for CLIC-type high
¢ & e’ injector Complex 10 Streak / RF pick-up TF3 resolution profi|e measurement
Pre-Damping and Damping rings 4 Streak / | R%:‘ppp// CTF3
RTML 12 EOS/ CDR XFEL’s ‘ ‘
Main Linac and Beam Delivery system 50 CDR XFEL’s I I-

R stletcher > .

Drive Beam \
DB source and Linac 8 Streak / RF pick-up \CTFZ»
Frequency multiplication complex 16 Streak / RF pick-up C%\ Talk by Konstantin Lekomtsev on
Transfer to tunnel 4 RF pick-up CTF3 \\ ’Longitudinal beam prOfllmg with
Turn-arounds 192 Streak / RF pick-up CTF3 coherent diffraction radiation’ at
Decelerator and Dump lines 96 RF pick-up CTF3 17h10 in room 5 floor 3

A

Instrumentation covered by using profile monitors (Streak and EO techniques)
and cheaper bunch length measurement devices (RF pick-up and CDR monitor)

More details by Anne Dabrowski ‘Longitudinal Diagnostic for CLIC’ at 11h40




Beam Energy monitoring

Machine Energy Energy Accuracy | Resolution Time Quantity | Charge density
Sub-Systems (GeV) spread (%) (%) resof=- e —
%) ; - .
( 4 ¢ Ask for 103 accuracy and 10 resolution
Main Beam
¢ injector Complex 202 | 350 1 0.5 * Charge limitations - Need for non-intercepting device
¢" injector Complex 2> 0.2 623.5 1 5 0 7 =510
Injector Linac (e7/e”) =2 2.86 0.1/2.7 1 0.5 10 2 <510°
Pre-Damping Rings 2.86 0.5 0.1 0. 10 2 <510°
Damping rings 2.86 0.134 0.1 0.0

Bunch length manipulation = Time-to-Energy correlation
RTML \ 0.1 0,
- Bunch compressors 1 2.86 1.17 9 Correlated Energy Spread

- Booster Linac 28629 2
- Transfer lines 9 2
- Turn arounds 9 . . .
e \ .y High current = High Beam loading = Strong energy
Main Linac 921500 | 1303 0.02 -~ transient = Time resolved spectrometry (10ns)
Beam Delivery System 1500 0.3->1 / 0.02 Y T S 10
Spent Beam Line 1500 ? 7 27 7? 7? <??
— / Dri/e Beam
Energy of the decelerated beam

Source and Linac 6 Z.W | [.1 0.01 10 10 (Placet simulation by E. Adli)

SN——"_ 160 ‘ : : :
Frequency 2.37 1 0.1 0.01 10 6 ol
Multiplication
Transfer to Tunnel 2.37 1 / 0.1 0.01 10 0
Turn arounds 237 [ 0.1 0.01 10
- Bunch Compressor 1 ‘ 0.3 48
- Turn-arounds )
- Bunch Compressor 2 P 48 |

nl . .

Decelerator =237 £ 2. 20! i High energy spread in the Decelerator
Dump lines 0.237<x< <90 0.1 0.01 10 48 =T

2.37 |




Beam Energy monitoring

Using a bending magnet to create a dispersive

Final measurement in the BDS, see the Talk
by Rogelio Tomas on ‘Specifications of
technical equipment for the BDS’ at 12h00

region
Machine Quantity Technology choice Place to be Tested
Sub-Systems
Main Beam
¢ & e' injector Complex 8 BPM /OTR CERN
Pre-Damping and Damping rings 2 BPM / XSR Sync light sources
RTML 12 BPM / XSR FEL’s
Main Linac and Beam Delivery system 52 BPM | ATF2
Drive Beam
DB source and Linac 10 BPM /OTR/ CERN
Cherenkov
Frequency multiplication complex 6 BPM / OTR / OSR CERN
Turn-around 96 BPM /OTR /OSR CERN
Decelerator and Dump lines 48 BPM /OTR/ CERN
Cherenkov

First Collimation Dipole as Spectrometer

BL=0.125 Tm,
A(BL)YBL=10

“a=2.5x10"rad

5%10”m
BPM (6=0.1um)

|

l Bp=5000 Tm

BPM
BRM

|
|

20m

AE/E=Ao/c. ® A(BLYBL=3.6x107

*Dedicated measurement lines — often combined with an intermediate beam dump (Magnetic chicane)
*Measure Energy with high resolution BPM and Energy spread with time resolved beam size monitors

- Talk by Anne Dabrowski on ‘CTF3 Instrumentation, opportunities and limitations’ at 16h10 in Room 5 Floor 3

- Profiler based on monitor insensitive to beam energy variations

- Segmented dump on CTF3 - Segmented Cherenkov monitor for CLIC to be developed and tested on CTF3




Beam Intensity Monitors

DB Intensity variation strongly couples to energy variation = DB-to-MB synchronization

‘Update on specifications’ by Javier Serrano at 14h20 in Room 2-floor 0

Sub-Systems (312 x aperture (%) (%) resolution
part/bunch) (mm) (ns)

Main Beam /
¢ injector Complex 610° 40 2 fos Drive Beam Stability is an issue for reliability
¢” injector Complex 8 10° 40 2 / 0.5
Injector Linac (e7/e") 44/6410° 40 2 / 0.5 * ‘Current Stability of the CTF3 beam’ by
Pre-D ing Ri 4.4/6410° 20/9 2 0.5 . .. .
B / Guido Sterbini at 17h30 in Room 5 — Floor 3
Damping rings 4.110° 20/9 2 / 0.5
RTML 4110° tbd o/ 0.5 * ‘Measurement on phase stability in CTF3’ by
Main Linac 3.7.10° / 0.1 iulio M 14h40 in R 2l
Beam Delivery System 3.7 10° /1 0.1 GlU 10 Orpugo at 0 In hoom — Floor 0
Spent Beam Line 3.710° / 1 0.1 | 10 | 3

Drive Bgm
Source and Linac 10 10 CTF3 Wall current Monitor
Frequency Multiplication 0.1 0.01 10 i I am \ =
-De . ‘3
_t.| * Resolution can reach expected values
-Co . e rpe .
o Accuracy is difficult: 1% is on the edge !
€l Smaller intensity losses should be covered by Beam Loss monitors
-TL
Transfer to Tunnel 101A 24 /243.7 0.1 0.01 10 4
Turn arounds 101A 1/243.7 0.1 0.01 10 96
Decelerator 101A 1/243.7 0.1 0.01 10 96
Dump lines 101A 1/243.7 0.1 0.01 10 48




Beam Loss Monitors &)

Main Beam
e and e injector complex 10 10° 1 ]
. . P P Possibly Cerenkov
Pre-Damping and Damping Rings 10 10 1
radiator with PMT
RTML 10* 10 1
Main Linac 107 5.10" 1
Beam Delivery System 10 10°¢ 1 /
Spent Beam Line thd thd 1 / tbd
Drive Beam /
Injector complex 5.10" 5.10° 1 /
Decelerator 5.10° 5.10° 1/
Dump lines thd tbd A/ tbd
|4

* Two beam modules: 1 BLM per Quadrupoles
- 41484 Quadrupoles in DB
- 4020 Quadrupoles in MB

* Cheaper option using Cerenkov Fibers (DESY)

High quality Cerenkov quartz fibers can withstand up to 300MGy ; system on development on CTF3




Luminosity Monitors

EUROTeV-Report-2008-xxx-1

Photo
nultiplier

Mirror

™

Cerenkov
detector

Converter Muons
Beams trahlung

photons

Water beam dump

—E
Prinary bheam Muons from the i
shower cascade #l Extra

of the primary bean|i chielding

e Luminosity Monitors based on the measurements of very high energy
beamstrahlung photons from IP
e Photons = High energy muons and detected downstream the Water dump
The design of the ‘Spent beam line’ presented in details

by Edda Gschwendtner in WG5 at 14h00




Perspectives & Conclusions @]

vaicL

* More Results on Technical developments in the coming talks

* With a Huge amount of devices (beyond what was already achieved in our field),

the TDR phase would have to address many remaining issues

* Prototyping of every single instruments
* Integration in the Machine layout
e Design, construction and validation of each instrument

* Cost optimization
* Simplicity if applicable (not always compatible with tight tolerances)
e Standardization is a key concept
e Gain in Mass production ?

 Dependability analysis needs to be performed

Reliability, Availability, Maintainability and Safety




Thanks for your attention



Beam Energy monitoring

-
m

* Threshold Cherenkov detector: £>1/n

Cherenkov Silica Pentane | Ethane | Argon Neon Helium

radiator (latm) | aerogel CsHyy C,H, Ar Ne He
Index of

refraction (n-1) | 84103 | 17103 | 71104 | 28104 | 6.7105 | 35105
Cherenkov

threshold (MeV) 35 8.2 13.1 20.9 435 60.4

Evolution with the gas pressure

10'F

= 0.0008 _ 10omlang Flliumgs cdlvithapressure of 31arr |
%ﬁ;‘ p> 1 E%Omﬁ % _'
§ 102? ! '%&%1 §§0ap4- l

Threshold at 1 GeV
10° 10" 10° 10' 10° 10 1|0“ 1|05 1lo6
He pressure (Torr) Hectron energy (G2V)




Transverse Profile Monitors
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Energy [MeV]




CLIC vs ILC

CLIC CLIC
3Tev | 5006ev | TH€
Center of mass enerqgy (GeV) 3000 500 500
Main Linac RF Frequency (6Hz) 12 12 1.3
Luminosity 1034 cm2s1) 5.9 2.3 2
Linac repetition rate (Hz) 50 \(\\G( 5
Accelerating gradient (MV./m) 100 \JS \.\g 335
Proposed site length (km) G 2(© 3\\N 31
Total power consumption (MW) ’iO( O\,\ 415 129.4 216
Wall plug to main bear . me(\\s (%) 6.8 75 9.4
\!
Qeo!
Critical Beam Parameter
CLIC CLIC ILC
3TeV 5006eV
Bunch Length in the Linac (fs) 150 230 900
Typical Beam Size in the Linac (um) 1 1 5
Beam Emittance H/V (nm.rad) 660/20 2400/25 10%/40
Beam size at IP : o,/ o, (hm) 40/1 202/2.3 640/5.7

http://clic-study.web.cern.ch/CLIC-Study/

http://www.linearcollider.org/cms/

24




CLIC vs Light Sources

CLIC DR SLS Diamond Soleil
Beam Energy (GeV) 2.86 2.4 3 2.75
Ring Circonfrence (m) 493 288 561.6 354
Bunch charge (ncC) 0.6 1 1 0.5
Enerqgy Spread (%) 0.134 0.09 0.1 0.1
Damping times (x,y,E) (ms) 2,21 9945 - 6.5,6.5,3.3
Orbit stability (um) 1 1 1
CLIC linac XFEL LCLS
Beam Energy (GeV) 3000 20 15
Linac RF Freguency (6Hz) 12 1.3 2.856
Bunch charge (nC) 0.6 1 1
Bunch Length (fs) 150 80 73




CLIC vs CTF3

CTF3 CLIC
Beam Energy (GeV) 0.15 2.4
RF Frequency (GHz) 3 1
Multiplication Factor 8 24
Initial Beam Current (A) 3.75 4.2 s
Final Beam Current (A) 30 100 A
Initial Pulse length (us) 1.2 140 The thermal limit for ‘best’
Final Pulse Length (ns) 140 240 material (C, Be, SIC) is
Total Beam Energy (kJ) 0.7 1400 10° nC/em?
Repetition Rate (Hz) 5 50
Average Beam Power (MW) 0.0034 70
Charge density (nC/cm?2) 0.4 106 2.3 1010

e Still considerable extrapolation to CLIC parameters

e Especially total beam power (loss management, machine protection)
e Development of non-destructive instruments

o Stability and reliability : CTF3 not designed to address these issues



Micron resolution with Laser Wire Scanner

*High energy green (A=532nm) laser pulses

*Amplify a single pulse from passively mode-locked seed laser
*Frequency locked to ATF RF distribution system at 357MHz

*Pulse duration ~150ps ; Pulse energy ~30mJ

Laser light is transported collimated to extraction line by series of
mirrors and aligned using irises

Optimized to measure 20umxlum beam spot size

Focus beam W [ um]
a N W Rk g N O O

Diffraction limit

""" Zemax POP simulation
. Data

Best Laser focus
. O~ 2.2um

10

Input beam W [mm]

v ox

Dete/

o

Need to improve the laser spot size by factor 2-3

Improving the optic and laser quality

\

T T
= &

ZH1
ZV3X

a
-
=]
=]
=]
(=]

Cerenkov signal [a.u.
B
[=]
[=]
=]

Best scan jt ¢ ~ 3.9um

ATF Damping Ri

PR | L PR | L Pl
40 -20 0

BS1T

20 a0
Position [ um]

BS1TZ2

Royal Holloway

University of London

L. Deacon & co (

% UNIVERSITY OF




E-O longitudinal bunch profile measurements

Principle: Convert Coulomb field of e-bunch into an optical intensity variation

Encode Coulomb field on to an optical probe pulse - from Ti:Sa or fibre laser

Decoding: via single-shot cross
propagating correlation in a BBO crystal

electric field
—

T U
/ v Q yields the temporal intensity

variations in a single laser pulse

polariser %
/\ . A

(FELIX & FLASH)

electron bunch 9—» V=_C

chirped laser probe

thin EO
crystal

o N ETHz
Detect polarisation rotation proportional to E or E?, depending on set-up

¥ Universitvy of Dundee W.A. Gillespie & co © & Technology Facltes Courel
< University of Dundee P & Daresbury Laboratory




“ E-O longitudinal bunch profile measurements

Single-shot Temporal Decoding (EOTD)

Temporal profile

fixed l l

— LI: delay [ / of probe pulse —

s laser ZnTe CCD " Spatial image of
optical .3 L ’ J

stretcher BBO SHG pulse

beam bunc:h/v ]

" stretched & chirped laser pulse
leaving EO crystal assembly measured
by short laser pulse via single-shot

cross correlation in BBO Ei
"~1mJ laser pulse energy required
(Ti.Sa amplifier) 3 7
Time
T a . . . .
'. q L]-I-uli-"r -,-[1Hil: b I D-Lll-l 1 e W-A- GI”eS e & coO Science & Technology Facilities Council
& CISILY © _— P éva Daresbury Laboratory




Benchmarking EO at FLASH against LOLA

BC BC

B o Aoz roca)- A

A T
v | ACC4H ACCB )
OTR screen
THz beamiine || for LOLA W/A Bypass

Undulator

Photon
beamline

i
N
—Il

LOLA EOS
sssss N deflecting cavity l a<sy I
. N LOLA) fs laser —[ ZnTe F
kicker ( B\ .‘: >$
— MITTITTT] e T
= o '
— A1 o
LOLA
OTR screen
? L]]"[i\,'l_’rﬁi I::irr LFI- DL1 ]_-l_[j_ﬁ_"'l_’ W.A' Gi”espie & co & Science & Technology Facilities Council

¥ Daresbury Laboratory



Benchmarking EO at FLASH against LOLA

A

with FLASH bunch
Optimum compression compressors detuned

Fitted Gaussian curve
sigma=79.3+7.5fs LOLA
5 . . ' " y

E-O

FLASH . 5%)

‘ | | ;1'15,
900 -200 -100 0 100 200 300
time infs

time [ps]
Physical Review Special Topics - Accelerators and Beams 12, 032802 (2009)

arb. units

¥ University of Dundee W.A. Gillespie & co <o & Techmulogy Fcliis Counl
< University of Dundee P & Daresbury Laboratory




- Benchmarking EO at FLASH against LOLA

o] FLASH.G%

¢"

=Y

) ) . e deflectin
* Achieved Resolution is fine ne

EOTD signal

ive)

s

032 Perturbation due to Wakefield to be mvestlgated
Tlme [p&;

oraI decoding

[ , M (non-destructive & compact)

Tlme ps

mcl civo

EOTL

Physical Review Special Topics - Accelerators and Beams 12, 032802 (2009)

¥ University of Dundee W.A. Gillespie & co & Techmulogy Fcliis Counl
< University of Dundee P & Daresbury Laboratory




Reducing the Performance ?

Simulation by E. Adli on DB decelerator performance

300

150

C O 1-to1 —e—

P T o —e—
DF5 —— i i i DFS ——

150

10 20 30 40 50 60 70 80 S0 100 2 4 6 B 10
BPM accuracy [um]

i i i
12 14 16 18 20
BPM resolution [um]




Reducing the Numbers of devices

Simulation by E. Adli on DB decelerator performance

E 15 n 1
[+ W
W
HI i
& =

[iE 2

GM

el -
o [ 200 00 600 B 1000
V] 200 &00 (C 1] BOO 1000 #iml
& [m]
— N=
P T —
1-n-1 ==
E
E E
g
B =
e &
o ‘-I.l E
{18 ] 1000




CLIC Tunnel
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Beam loss monitors : Simulations

* Work as just started

* Plan to have functional specifications for the CDR by 2010

* For the Cost estimate
* Choice of Technology (Cerenkov emission in Optical fiber, lonization chambers, ...)
* Investigation of Safety Integrity Level (Need for redundancy ?)

9 GeV electron in QP: Dose

56
Fluka simulation along the CLIC main linac 1e-08

1 1le-186

le-12

le-14

le-16

tunnel width {(cn)
&
o

Dose/ electron {(Gy)

1le-18
-168

1le-20

' le-22
-156

%] 50 160 150 200 250 360 350 460
tunnel length {(cn)

Thomas Otto & Sophie Mallows




. Beam loss monitors : Hardware development

Major complication: Two beams & Long train!

Exploitation of Cerenkov-radiation in optical fibres
- Based on DESY-Flash work
- 4%2 fibres around vacuum chamber

- Short individual fibres for true 3D analysis
Fast time response

Transverse and longitudinal information
Insensitive against E and B fields
Quite Radiation hard

Limited space requirement of monitor

.
&4 UNIVERSITY OF

- >
‘j; LIVERPOOL A. Intermite, C.P. Welsch %ﬁ?&z&&mﬁm&s




Beam loss monitors : Hardware development

e Optical Fiber Sensor based on SiPM
composed of SPAD Array.

Working Principle

* Two arms:
— Reference fiber

— Composite fiber with
different losses (~0.45dB)

X
F
2

= Optical fiber diameter: 1Imm? as the dimensions of SiPM active surface.

Features:

= Numerical aperture of fibers between 0.22 and 0.63.
= Pure silica and PMMA multimode step index fibers with n = 1.46.
= SiPM recovery time ca. 4 ns. (~ better than PMT)

= SiPM quantum efficiency 15 % in the blue wavelength range

.
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ODR R&D

- Optical Diffraction Radiation: (ATF2 — CESR-TA)
- Used for beam sizes in DB complex in Linear section: Cost saving compared to LWS
- Used for non interceptive beam energy monitoring along the CLIC Main Beam linac
- CESR-TA: beam energy 1-5TeV : 1-10um beam size

- Optical Diffraction Radiation by P. Karataev
- ATF2 — 2E10 electrons 1.28GeV — V<10u and H<100u
- Synchrotron radiation (from Bends and quads) need to be suppressed to look at ODR using a target with a
1mm diameter hole
- Silicon wafer with gold coating (aluminium better) :
- Accuracy of the machining down to fraction of the wavelength

- ODR:
- from an edge confirmed
- from a slit — visibility of the interference can give the beam size
- very sensitive to parallelism and offset : better than A/10
- Experiment:
- Need to scan to find the minimum
- Good scan with PMT and : Resolution limit of 12um compared to wire scanners
- Optical filter 550+/-20nm
-Limitations
- Pre-wave zone effect can be compensated by putting the camera in the focal plane of a lens
- Photon yield: 2ra/yA - Beam size resolution: >0.05 yA/2%
- far field approximation: Minimum target diameter - Minimum lens diameter



