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Northwestern ICAR - Personnel

• In the last 3 year  we have had:
– 3 faculty 

• Schellman, Schmitt, Velasco

– 6 research associates  (3 currently)
• Apyan, Szleper , Lefevre (CERN-Fellow, Starts Oct. 1)

– 5 visitors 
– 5 pre-doctoral fellows (2 cur rently)
– > 5 undergraduates

• Accelerator  course at graduate level &  new 
accelerator  physics  graduate students

•  B. King (taught), Ozlem Yaser (graduate student)



•Physics Studies

•Instrumentation
– High rate Ionization Chambers

– Secondary Emission  

– Monitors of Photon/Electron polar ization

4.Linear  collider  R& D
1. Ground Motion Studies at FNAL-site

2. Dual beam Scheme (CLIC-CTF3

�

 main effor t)

3. gg collider

Outline



Physics Studies 
• Neutr ino Factory(FNAL, 1999) hep-

ex/0008064 hep-ph/0106177   Heidi 
Schellman(co-convener)Mayda Velasco

• Proton Dr iver  Upgrade (FNAL Part-I, 2000-
2001 http://projects.fnal.gov/protondriver/

      Mayda Velasco (co-convener),
      Michael Schmitt
• Snowmass Gamma-Gamma Collider  Sub-

Working group (2001): hep-ex/0111054
      Mayda Velasco (co-convener),
      Michael Schmitt
• Snowmass Electroweak Physics at LC Sub-

Working group (2001): hep-ph/0111217
       Michael Schmitt (co-convener)
• CL IC(CLICHE) physics studies I  

(CERN,2001) hep-ex/0111056 
       Mayda Velasco (editor), Michael Schmitt
• Proton Dr iver  Upgrade (FNAL Part-II, 

2001-2002):hep-ex/0206025 
       Mayda Velasco (co-convener), 
      Andre' De Gouvea, Michal  Szleper
   

• Aspen Summer Study for  Underground 
Laboratory  
http://wwwlns.mit.edu/~schol/aspen/

       M. Velasco (co-convener), Michal  Szleper
• Neutr ino Factory (European, 2002)
       hep-ph/0210192

Andre' De Gouvea, Mayda Velasco
• CL IC (CLICHE) physics studies I I  

(CERN-USA, 2003++)
hep-ph/0308103
Mayda Velasco(editor),

       Victoria  Martin,Michal  Szleper
• ALCPG LHC / LC Study Group

hep-ph/0308103
Victoria  Martin, Heidi Schellman, 

       Michal  Szleper, Mayda Velasco
• GIGA-Z studies(2003) hep-ph/0308053 

Andre' De Gouvea, Michael Schmitt
• ALCPG Gamma-Gamma Collider  

Working group (USA,2001-2003++):
hep-ph/0208219  hep-ph/0308103
Mayda Velasco (co-convener) Victoria  
Martin, Michael Schmitt Michal  Szleper



NEW Radiation Hard Ionization 
Chambers / Secondary Emission 

Monitors

STATUS   Finished



•Invested 2 years – partnership with industry –Richardson electronics 
& FNAL (help with design challenges)

•Reproducible radiation hard, high intensity flux, excellent tolerances

•Chambers to be used in next generation of high power machines

NEW Radiation Hard Ionization Chambers / 
Secondary Emission monitors

(Velasco, Dabrowsky, Szleper)



Motivation & Preview Work done 
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•Produced  Chambers than can be used in    
High Rate Environment  like those of proton 

drivers needed to produce muon beams:



Radiation Physics Calibration Facility 
(RPCF,FNAL)

“Flat mounting”

“Side Mounting”

•Two new Cs137 sources:

•Max:1600 Rad/Hr 

•The old source was 

•400 Rad/Hr



Design studies: Round Edges distort signals 
such that we get a slope in plateau

Y

 Flat surface between signal and guard ring 

selected instead.



Chamber Characterization show no 
radiation damage after XX protons

Chamber filled with
He for more than 2 year

No change…

Reproduce calibrations



Tests at ATF (BNL) low energy electron 

beam No saturation below 8*10^9/p/cm^2

 



Test Setup @ Booster

Old

Z

 Toroid only for 
Flux measurement

New

[

 Toroid +chamber for 
Flux measurement & 

Longitudinal movement for alignment

SIC ONLY 1mm Chamber +SIC



Booster (FNAL) Halo
High intensity ~ 1e9 proton source

1.5 ms per spill … halo sees 1/100 of total beam

ONLINE OFFLINE



Booster (FNAL)
Plateau in the beam (1.8e11)---saturation (same effects 
present with design 4) shortens plateau—space charge



Booster (FNAL) – Intensity Scan

SEM-like SIC-like

No saturation even 
At 10^12 ppp
(10^-5 torr)

Clear …
Saturation



Secondary Emission Monitor– 
SIC chamber in vacuum

•Getter - Place a strip of barium under the collector and 
activate it at about 1000 degree C.  

•Ion Bombardment - Apply a voltage across the electrodes 
while pumping to reduce atmosphere of H2. 

–Richardson used this process on vacuum tubes to 10-8 
torr

This look like a very promising way of operating 
The chambers for >10^11 ppp



Permeation  Test– test run for 3-4 
days … Helium is not leaking….

• The ion chamber was then put 
inside of a small vacuum 
chamber and tested using a 
Dupont Mass Spectrometer 
leak detector. The total leak 
rate was found to less than 
2X10 –10 STD CC P/S.

• Then the temperature was 
raised slowly to 100 degree 
C.

• Max leak rate < 40X10 –10 
STD CC P/S



We have a  working design that can be operated at :
• I<10^11 ppp in SIC-mode
• I>10^10 ppp in SEM-mode

Chambers are ready to be put in the beam,  and help with 
the R&D that is needed to understand the beam dynamics 
by looking at the halo. 

\

 We just need to know from our colleagues if they are 
ready to do this kind of test.

]

 We have a request from Japan for the JHF.

SIC/SEM Conclusions – Project finished



High Energy Photon Beam Monitors  
and Polarimeters for future LC  

((NA59 – aligned  crystals)

STATUS   Finished



NA59 Experiment
(Velasco-spokeperson, Apyan, Fonseca)

• Purpose: use aligned crystal to:
– Develop new polarimetry techniques for photons
– Develop high energy Si l /4 plate to manipulate photon beam 

polarization
– Develop techniques to produce polarized photon beams 

starting from unpolarized electron beams

^

FOCUS @ FNAL

• By-product:
– Diamond: Prove high quality of “Large”  synthetically grown 

diamonds (Collaboration with South Africa) 
– Develop precise pre-alignment techniques for large crystal 

(Collaboration with Grenoble)



Diamonds

Synthetic large (cm’s) 
crystal diamonds produced 
by de Deers Industrial 
Diamonds, and used in 
experiment NA59 at CERN

Very pure diamonds, 
pre-aligned   tile array 
as was used in the 
experiment



Quarter Wave Plate
• The Si l /4 plate crystal 

mounted on the annular stage.  
The crystal has a diameter of 
5cm and a length of 10 cm.

Polarization 
conversion in the Si 
l /4 plate as a  
function of crystal 
thickness. (Stokes 
parameters)



Asymmetry to monitor photon polarization 
(large even if polarization is only 35%)



We have better understanding for the use of aligned 
crystals  for:

• monitoring the e & g polarization 
• the existence of birefringence  in aligned crystals
• quality control of synthetic diamonds for our purpose 

_

At the moment we are discussing the possibility of making 
monitors for the e- & e+  polarization by looking at energy 
lost right before the IR 

NA59:Aligned Crystal as monitors 
for e & g polarization at LC

 Conclusions – Project finished



Ground motion studies needed to 
determine the LC location at a 

FNAL

STATUS   Ongoing



Ground motion at diff. Sites…crucial 
for the nanometer size LC designs 

like NLC and CLIC

DESY not suitable 
for NLC

and CLIC type
 machines just due

to the ground 
motion



Broadband Three-component 
Seismometers KS-2000

Por table Data Recorder  DL-24

• Northwestern U niversity joined the study, is 

providing equipment  and is in making  the 

measurements with advise f rom Shitzev and Seryi 

•M easurements needed to determine the best depth 

to locate  the next  linear collider

•Test  at  Aurora M ine already done

`

 This was classif ied as a high priority project  (1.5)

Szleper, Yasar

Linear collider R&D:
noise versus depth 



Now ready to go to NUMI

• The two probes are 
calibrated 

• Waiting for  safety 
clearance from 
NUMI



We are ready to finalize this work:
•Equipment fully debugged and tested
•Measurements at Aurora Mine were made and consistent
with Shiltzev group  
•Next NUMI Tunnel measurements at different depths
 

a

Just waiting for safety clearance at NUMI, should happen 
in the next few months 

Ground motion as Function of 
Depth at FNAL 

 Conclusions – Project ongoing



Test of High Power Generation for Dual 
Beam  and Time Structure
For future Compact LC  

(CTF3-CLIC)

STATUS   Ongoing



Dual Beam Linear  Collider  R& D

Future :  TeV e+e- sooner rather than later…Future :  TeV e+e- sooner rather than later…



R&D for Dual Beam Machines  is increasing 

•  CERN accelerating its 
CLIC R&D

•  Roadmap made:

b

 2007 CTF3 finishes main 
part

c

 2008 Conceptual Design 
Deport

d

 2010 Design Proposal



Demonstration of the 
dr ive beam:

e

Proper  time 
structure

f

Extraction of 30 
GHz power

g

Acceleration of 
probe with 30 GHz 
RF cavities

We are active members for  CTF3



CTF3 Layout & Funds
(we already helped with the accelerating structures)

• CTF3 just  got 3 MEuros to 
EU and go it 

h

 support for the 
photo-injector

•Waiting for another 4.1 SFr.
requested to PPARC for the 
Combiner Ring… to be taken 
care of by  Frascati that has 
already built the delay line.

•Not funded yet is the CLEX 
with the probe beam 



 

• Beam dynamics (Daniel  Shulte)

Simulation
Halo prediction

2.Beam loss monitors (Hans Braun,Guenther  
Geschonke)
Safety
Halo studies
Feedback

Some of NWU tasks:
Apyan, Falalleve, Lefevre, Szleper ,Velasco,Wood



Full GEANT Simulation of CTF3 is our
 responsibility (Matthew Wood)



Simulation 
needed to make 

our detector 
choice for the 

beam loss 
monitors is now 
well advanced



Information to make beam loss 
monitor design is now available

This gives us the 
flux in case of a 
1/mill loss of the 

e- beam 
at CTF3



We believe important work will be achieve in the next few 
years at CTF3 towards getting the Dual Beam Schemes 
understood. 
• We will design and build the Beam loss monitors and 
make CTF3 our main effort.
 

i

It is of mayor interest to US-Illinois to make sure that 
CTF3 becomes an international effort… Dual beam 
machines one of the technology options for FNAL-LC.

CTF3 Conclusions – Project ongoing



Photon-Photon Collider Testbed
((NWU-LLNL)

STATUS LNLL On hold
Health reasons, need new manager  

STATUS SLC/SLAC Abandon



Gamma Gamma collider Facility 
(Velasco, Schmitt,Szleper ,Mar tin)

• We were working towards proof of principle for 
this machine at LINX (collab. with LLNL, SLAC)

• Physics case of the machine as a `Higgs Factory’



The Basic Proposal WAS…

• Goal:
–  Proof-of-principle of  gg  collision  at SLD/SLC IR 

j

 Measure luminosity, validate our developing tools 

– Test required optics for a JLC/NLC gg

• Requirements:
– Revive the SLC, <$2M
– Install laser and new beampipe

– Run and observe gg ®  e+e- in the SLD calorimeter 
(LAC), and luminosity  monitors (LUM)



Hardware we wanted to test 

• Optical assembly  design
• Wave front and optics quality 

requirements
– Key elements for laser power and  and 

on-axis beam intensity

• Beam pipe design
• Alignment system for mirrors
• Beam splitter for laser pulses



Measurement & Software Test

• Luminosity Measurement versus  
predictions from available beam 
simulation packages

• e to g  conversion efficiency 



Engineering Test Facility at SLC

Parameter list

Beam Energy
FF gex,y (m-rad)

bx / by

s z 

s x,y

N±

LINX
30 GeV

1600 / 160

8 / 0.1 mm

0.1 – 1.0 mm 

1500/55 nm

6.0E9

<$2M to revive the SLC

Minimal SLC
30 GeV

5500 / 900 m

3.6 / 4.13 mm

1.0 mm 

1500/650 nm

4.0E10



Photon Collider at SLC/SLD
Optical Assembly

• Unknown factor: Optics damage
– IP cannot often be opened up to fix the optics

• Radiation damage to the coating
• Laser power damage to the mirrors

½ scale version of the NLC design
Position of final quads in SLC sets the scale

Final focus optics are fixed
Steering mirrors are on piezo movers



Alternative…. Build at LLNL
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Focusing System



Interferometer



Alignment System

• Similar systems in use
– ½ Scale prototype of optics / alignment system is 

currently under construction
– Operation in end of FY03
– Demonstration of alignment tolerance

Ì

 Optical system aligned before installed in IR 



Large investment already made

Í

System be brought to CTF3 in a couple of years for LINX 
type studies, but not priority



Conclusion

• Significant amount done already…several 
projects finished

• Illinois benefited by collaborating and 
purchases made by NWU-ICAR group

• Our future involvement will be fully 
devoted to linear colliders:
– CTF3


