University Based
Linear Collider Accelerator
R&D

George Gollin
Department of Physics
University of Illinois at Urbana-Champaign

USA
g-gollin@uiuc.edu

~
®
J George Gallin, University Based Linear Collider R& D, Paris, LC 2004



Can university groups do accelerator physics?

Accelerators are BIG, EXPENSIVE devices.
Many university HEP groups have concentrated on detector
projects, pernaps because they believe these are;

e more suitable in scale for a university group than would
be an accelerator physics project

e more practical, given their prior experience in detector
devel opment.

Isthisreally true? Should university groups stay away from
accelerator physics projects?
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Of course university groups can do
accelerator physics!

There are interesting, Important projects whose scope is
Ideal for a university group.

The (inter)national |abs welcome our participation and will
help us get started, as well as loaning us instrumentation.

Many projects involve applications of classical mechanics
and classical electrodynamics. These are perfect for bright,
but Inexperienced undergraduate students.

Theprojectsare REALLY INTERESTING. (Also, it’'sfun
to learn something new.)
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Recent U.S. history concerning university R& D

January, 2002:

e most university L C groups were already affiliated with
SLAC; most were doing detector simulations.

o there was little planning underway to attract new groups
(for example, with Fermilab orientations).

April - May, 2002 workshops at FNAL, Cornell and SLAC:
» meetings focused largely on concrete R& D topics
o amost no Higgs sensitivity vs. stuff talks
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Fermilab, Cornell, SL AC workshops

Tom Himel (SLAC) was the hero of the workshops:. he
assembled “The List” of ~110 accelerator projects, including
both NLC and TESLA topics. It’sfull of great stuff.

www-conf.dlac.stanford.edu/l cprojectlist/asp/proj ectli stbyanything.asp

These workshops led to a 50% increase in U.S. university
participation in LC R&D.

About half of the new participants took on accelerator
projects!
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An example from Himel’sli4t...

1D 61 project_size Medium skill type physicist

short project description Acoustic sensors for structure
and DLDS breakdown

Detailed project description understand the acoustic
emissions from breakdowns and how the sounds propogate so
that the use of acoustic sensors can 1mproved In
dragnosing breakdowns.

Needed by whom NLC and TESLA

present status In progress, help needed
Needed by date 6/1/2003

Contact Person Marc Ross, (650)926-3526, mcrec@slac.stanford.edu
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...and what we' ve been doing with it
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.......
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We organized ourselves.

The result:
e 71 new projects

A University Program of e 47 U.S. universities
Accelerator and Detector e 6labs
Researcl}‘ iGI-' the Linear e 22 gtates
Collider C .
e 11 foreign institutions
e 297 authors
University Cms:‘;ﬁ}lﬁz}im Linear Collider ) fundi ng agenC| es
nd  two review panels
Linear Collider Research and Development * two dral: ts
‘orking Gro
Working Group " 546 pages
[ J

8 months from t,

October 22, 2002

Funded by NSF* and DOE

...renewal submitted November, 2003

*planning grant only



Scope of U.S. university work in thisinitiative

proposals to DOE + NSF #(03)| $(03) |#(04) $(04)
Accelerator Physics 33 | $1,003k | 29 $1,151 k
Luminosity, Energy, Polarization| 9 $171 k 9 $238 k
Vertex Detector 3 $119k 3 $173 k
Tracking 11 | $396k 11 $597 k
Calorimetry 12 $515 k 13 $855 k
Muon System and Particle ID 3 $149 k 3 $194 k
Total 71 | $2,354k | 68 $3,208 k
Funding received from DOE ~$900 k $900 k (pending)
Funding received from NSF $150 k
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TiESL &

at US. Universitios |Gl \‘ i Here come the
e professors!

Faculty of the world
unite!

Self-organizing efforts
seem entirely possible.

> participants

graphics from 15 of 68 projects
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11



Information about particular projects
Physicists in Africa, Asia, Europe, North, and South
America participate in accelerator and detector
Proj ects.

That'stoo much to cover in a 15 minute ta k!

Let’slook briefly at a handful of accelerator projects,
then in more detail at one of them.

| wish | had enough time to say something about each
of them.
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L aserwire beam diagnostic tool
(Grahame Blair: Royal Holloway, with several collaborating institutions)
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Tightly focused laser beam is scattered by electrons.

L aser is scanned across el ectron beam path to measure beam
properties.

Working on laser stability, and so forth now.
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RF Beam Position Monitors for Measuring.Beam

Position and Tilt
(Yury Kolomensky, UC Berkeley)

Analysis of test beam data from KEK ATF using SLAC-built device.

| y2 resolution | | Chi2 f ndf=5.087 { 14

Constant = 19.57 + 1.965
Mean = 0003588 4+ 001428
Slgma =01701 + 001208

0B 1
w2 residual [ 1 m)
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Beam Test Proposal of an Optical Diffraction Radiation

Beam Size Monitor at the SLAC FFTB
(Yasuo-Fuki, UCLA)

Simulation work so far.

‘\-w:rlf ~aarraon
3] L

ODR Yield in 0.1/y angle range
o. rms transverse beam size
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Feedback on nanosecond timescales (FONT)
(Phil Burrows. Queen Mary, Daresbury, Oxford, SLAC)
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Fast Synchrotron Radiation Imaging System for

Beam Size Monitoring
(Jm Alexander, Cornell; Jesse Ernst SUNY Albany)

Exploring possible parameters, configuration for device.

Design for a Synchrotron Radiation Camera for Beamsize Measurement

Basic concept:

1. Refocus SR in the damping rings to make a projected image of the passing bunch.
2. Diffraction limit on source size forces us into the x-ray regime

point-to-point Optics  yatactor

Arc dipole

monochromator

Goals:
1. definite: Measure O,and Oy
2. possible: Single-bunch resolution
3. optimistic: Intrabunch measurement (i.e. 2)
e Don't yet know if thiswill be possible.
»  Still working onideasfor this.
Status:
Have started simple simulations for studying
optics and detector choices:
1. Optics
e  point-to-point with sufficient magnification
e Zone plates are one candidate
2. Detection
» small pixel array is one candidate
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Ground Motion studies versus depth
(Mayda V elasco, Northwestern)

Linear collider R& D: Preparing ground
motion study in NUMI

noise ver sus depth

Equipment ordered by NU
(will arrive~May 27)

e Northwestern University joined the
study, is providing equipment and will
participate in the study

*Measurements needed to determine
the best depth to locate the next
linear collider

Broadband Three-component | .Test at Aurora Mine already done
Seismometer s K S-2000

*Next... Numi Tunnel
= This was classified as a high
. priority project (1.5)
" Szleper, Velasco, Serye
Portable Data Recorder DL -24
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Ring-tuned, permanent magnet-based Halbach quadrupole
(James Rosenzweig, UCLA)

Progress, both in modeling and in fabrication of prototypes for studies.

° :
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Design and Fabrication of a Radiation-Hard 500-M Hz

Digitizer Using Deep Submicron Technology
(K. K. Gan, Ohio State)

Some of the circuit functional blocks have been designed, but none
fabricated for test yet.

ot
— . ; ol O
Figure 2. Schematic of a 3-bit cell,
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Chirped waveform pulse compression kicker for TESLA

damping ring
(Joe Rogers, Cornell)

Dispersive wave guide compresses chirped RF signal.

Commercial broadcast RF amplifier ~100kW, but compression
generates large peak power for kicking pulse in low-Q cavity.

function RF
generator amplifier

=" =

(dispersive) wave guide

0.4 GHz 1 GHz
<«— 340ns —> wave guide group velocity vs. frequency  <€—— 10ns —>




Fermilalb/ Northern lllinois University photoinjector lab

A0 photoinjector lab a Fermilab produces arelativistic (16 MeV
now, 50 MeV in afew months), bunched low-emittance el ectron
beam. (It'srather likea TESLA injector.)

This should be an excellent facility for all sorts of device tests as
well as beam physics studies!

PHOTO-CATHODE RF GUN WITH 9-CELL CAVITY MAGNET I C
PREPARAT ION CHAMBER SOLENOIDS ‘
_SOLENOIDS

E_
_ : IH I | q m

I NI I
R AATALA T A e —

—-h‘"

~
®
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Investigation of Acoustic Localization of rf
Cavity Breakdown

(George Gollin, Univ. lllinois)

Can we learn more about NL C rf cavity breakdown through acoustic
signatures of breakdown events?

At UIUC (*UC” = Urbana-Champaign):
George Gollin (professor, physics)
Mike Haney (engineer, runs HEP electronics group)
Bill O’ Brien (professor, EE)
Joe Calvey (UIUC undergraduate physics major)
Michael Davidsaver (UIUC undergraduate physics major)
Justin Phillips (UIUC undergraduate physics major)
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Copper dowels from Fermilab NLC Structure Factory

Harry Carter sent us a pair of
copper dowels from their
structure manufacturing stock:
one was heat-treated, oneis
untreated.

NL C structures are heat-
brazed together; heating
creates crystal grains
(domains) which modify the
acoustic properties of copper.

¥

-

...#1 Isnot.

#2 1S heat-treated. ..

° :
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Scatterl ng/attenuatlon at 1.8 I\/I Hz in copper

A “pi ng” Iaunched |nto acopper dowel WI [ bounce back and forth
|OSI ng energy. through

"« scattering of acoustic energy out of the ping
e absorption in the transducer

o absorption of acoustic energy by the copper.

[ eomm

— s
o °
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Scope shots

Single transducer: ping, then listen for echoes. Adjust ping energies

so that first echoes are approximately equal in amplitude.

Note the difference in sizes of the second echoes as well as the
different amounts of baseline activity between the echoes.
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Condensed matter modeling, as done by folksin
=

Initial models: regular (rectangular, 2D or 3D) grids of mass points
conhected by springs.

Ky

4 H
. |
8 \
N \
2 Q1

N

Speeds of propagation for pressure

and shear waves are determined by
Ky, ko, and ky/K,.

We can vary spring constants
arbitrarily.

Grain boundaries are modeled as
sets of mass points with different
spring constants.

N

: e

/’
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Propagation of a pressure wave in a homogeneous grid

i ~250 x 650
uniform
grid




Simulated transducer response

S _ Time Step 54 3 > - Time Step 156 . > - Time Step 266

o N g

\ﬁj |'|J1|§|I|;{!J! Jine .\_f..—,xjcll- i-'l fir—

Actual Scope Shot




Propagation of a pressure wave through a
grainy crystal

Change the spring constants inside thin domain walls
around randomly shaped grains to see effects on
pulse propagation. Crystal now has 200 grains.
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Propagation of a pressure wave through a
grainy crystal

Transducer at the far end of the crystal sees direct pulse, then acoustic
“glow,” then reflected pulse.
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What we are working on now

* We have areally good method for placing grains in our
simulated copper. We haven’t yet worked on selecting
parameters to tune the ssmulation so that it reproduces data.

 Refinement of description of transducer-copper coupling.
(Transducer absorbs some of the energy which arrives at its
point-of-coupling.)

 Modeling of more complicated (2-D, 3-D) shapes.
 Porting code to NCSA supercomputers

e |nverting the ssimulation to uncover what we can |earn about
the underlying acoustic “event” from sensor data.
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We are having alot of fun
(and you can too!)

This particular project iswell suited for undergraduate participation.

The students are very good! All three students will continue the
work this summer.

We are finding it very natural to work in an areathat is new to all of
us.

If this summer Is as productive as last summer, we will know how

much information can actually be derived about breakdowns from
acoustic data.
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Summary/conclusions

Linear Collider accelerator R& D isafertile areafor university
groups. It Istoo much fun to leave to the accelerator physicists!

Spontaneous organization, without waiting for structure to be
Imposed from external sources (administrations of large labs, for
example), is an effective way to start a new, large, coherent,
national R& D effort based at universities.

Realization of the Linear Collider will proceed most smoothly if
detector physicists participate actively in the machine design.
The accelerator and detector are closely coupled.
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