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DRAFT 4....April 5, 2002
Caveat: This is a working draft; changes and additions
are in the offing, but also comments are welcome.
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1 Introduction

There is now global consensus that the next accelerator project in particle physics needs
to be an electron-positron linear collider (LC) with an energy range between /s = Mz
and about 1 TeV. Physics and detector studies are ongoing in Asia [1, 2], Europe [3, 4]
and North America [5, 6], and are co-operating within a World-Wide Study [7]. The
co-chairs of the world-wide study [8] have suggested the compilation of this note to
describe the detector R&D required for the timely construction of a detector with the
required performance, to list the R&D efforts presently pursued and to point out the
areas where efforts are missing or not adequately covered.

The purpose of this compilation is to help organise the R&D efforts more globally
and to facilitate and foster interregional collaborations. This note is not meant to
be prescriptive or exhaustive. There might well be areas of R&D which are useful to
be exploited but which are not mentioned here. We also expect and encourage ideas
on novel detector techniques. Explicitly included in considerations here are software
developments in the context of the specific R&D efforts. We do not consider, however,
generic software R&D which is mandatory but beyond the scope of this document.

In the past, much effort has been devoted to detector R&D for LHC experiments|9].
The principal challenges at the LHC are related to the high event rate and the high
radiation levels associated with the luminosities and energies required to do physics.
Both of these problems are dramatically reduced at the LC due to the much lower
beam energies and the falling e*e™ point-like total cross-section, in contrast to the
much higher beam energy and approximately energy-independent total cross-section in
pp collisions. The freedom from these problems at first sight might suggest that the LC
detector requirements appear easily satisfied, but extensive studies since LCWS91[10]

1
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IP and Experimental Issues (including g-g )
Conveners: P. Burrows (Oxford), . Gronberg (LLNL), R. Settles (MPI Munich), H. Aihara (Tokyo)

-Review the status of interaction region design, including:

v @ -Stabilization and fast feedback

v’ @ -Energy and Polarization measurements
v’ @ _Backgrounds and their mitigation

® @ -Photon collider design

* @ -Detector design

' ® -Test facilities, i.e. LINX

30

3545
2545
3545

Tentative List of Presentations
Monday 13:30, Interaction Region Overview

Organization / Working Group Discussion
NLC IR Overview

Photon Collider Interaction Region Issues
CLIC Beam Delivery System

Tuesday 9:00, Interaction Region Overview

15+5
3545

3545

Bearn Stability in the Main Linac of CLIC
JLC IR Overview

TESLA Interaction Region: IR Layout, Beam
Induced Backgrounds

Tuesday 11:00 Background Calculations

15+5
15+5

2545
1545

Machine Backgrounds in CLIC

Beamn-Beamn Instability Driven by Wakefield
Effects in Linear Colliders

Neutron Background at TESLA
History of Muon Backgrounds at SLAC

Tuesday 13:30 Detector Design Issues

Detectors from the North American LC Working

Conveners /[ all
T. Markiewicz
J. Gronberg

F. Zimmermann

D. Schulte
Tauchi-san

0. Napoly

F. Zimmermann
D. Schulte

G. Wagner
L. Keller

Navigate to:



hodory P2 NQ 5 3) _ﬁwnc‘ oY)V -

2007 A1enIqa +0

DVTIS ‘T0.IT
DV'IS / ZOIMIDIBIAl WO L,

MITATIAQ Il D'IN

y0afoad 19p11j0) Jeaul 3X3N 3yl - J7IN



So, what s meont lmj 'MDI,"?
(fov thes f?{(.k)

MOT = madame Lmqt/‘eo(c'emts
needed o ete” detockr

d€5t'c]rm . bl
machone deliyeys: M) s
enevgy MOaSUve
Luweuigstty messwe , keep
polavizption MGy Ve
bokaouunds Aeteclov a@éjw

(no phofnw Ca{,(-.‘a(ev‘ au(11 efe”
the (—o&awd«n@)



Rocent development

(wasdioued by o Himet)

tor Hae cseues ... -emva
%gaﬁacq
M Mdstflj

. cenfolize (o on the werle under

the Wame

a1 Ibmgfmwemﬁuﬂau:

Avev: t.:c,& :

www.sluc stunfvd edu/~toence [ (pbu/

Ewvope

wusl. desy dz/”s&reubr/eCwaw e



These will be Linked fogether
(and. to the psans uﬁéimtg(,j )
CL#\?( ‘[‘_‘O -! ;

AW @VITCQ 3
Wbl wwowws -proyecC.slac . S@ﬂ@fd.d«/&/@cag/
ggs&ms/specw(p@écfs

(seveval proechs velated © (P —

| Mcke Uhods gal‘ﬁer/mg (v

hetp: ff ww sé&nf qwﬁfﬁ%ﬁq nﬂfg/ .
(NLC Beaww De(f«uw(j and Lunteadion
Reqeon Howme Page)
Wit p: [fvww - cou{'.S(oL.sfum&w(.eolu./fMZ/W ("@%
(Lepz workshep) :
& (o pe. :
Wtp ) Leslo.. desy. de fedv
( Tesle TDR)




Welcome
Meetings
Contacts

Announcement

Luminosity

Polarization

IP Parameters

Simulation
Tools

NLCIR
Home Page

Related Sites

IPBIS Home

D Beam Lustrumentaly @ A Stud g

wuww. slac . tanfovd. edo / ~ Covrence / ckb(/



First Announcement

We are pleased to invite you to participate in a joint machine-detector study group devoted to the
topic of IP beam instrumentation for the Next Linear Collider. The principle goal of this study is to
move beyond broad conceptual ideas and begin to specify in detail the beam instrumentation and
associated infrastructure necessary to realize the full physics potential of a 500 GeV linear collider.
The first meeting of this study group will be held at SLAC on June 26th.

One of the distinct advantages of a high energy e-+e- linear collider is the well defined initial state in
the collision process, This advantage can only be realized, however, if there is adequate beam
instrumentation available to measure the beam properties at the interaction point.

The instrumentation topics to be addressed by this study include beam polarization, beam energy
scale, luminosity spectrum, and control of IP parameters for luminosity optimization. Beyond
discussing the target precision and prospective technologies for this instrumentation, this study will
aim to develop detailed beam line designs, propose concrete operational strategies, and identify
specific topics for further research.

The format of the first meeting at SLAC will be designed to promote discussion and brainstorming,
with short introductory talks given in each topical area followed by a round table discussion
directed by a list of guestions to be prepared in advance. It is expected that this meeting will be the
first in a series which will continue until the primary goal of a more detailed plan for the IP
instrumentation is achieved. To limit the scope of topics considered at this initial meeting, we will
focus on the physics needs for high energy operations of the 500 GeV NLC design.

The timing of the first meeting, which immediately precedes the Santa Cruz meeting, has been
chosen to encourage the participation of all interested parties. While the NLC design will be
principally used to make the discussion concrete, most of the topics to be addressed are universal
beyond specific machine designs, and we warmly welcome participation from the Tesla and JLC
communities. Non-experts and people interested in potential new research opportunities are also
strongly encouraged to attend.

More detailed information about the study and the first meeting will be available at the IP BI Study
web page: http://www.slac.stanford.edu/~torrence/ipbi/

-Eric Torrence
-Mike Woods
Updated: April 14th, 2002 - {:h (,r"t,|-(tk t.:'a n
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1t MEETING:
JUNE 26, 2002 @ SLAC

8:45-9:00 Coffee and Donuts

9:00 - 9:20 1P Instrumentation Study: (Goals and organization (E.

Torrence)

9:20 - 10:50 Energy (Chair: E. Tormrence)

Overview (20 mins)
Short contributions* (30 mins)
Discussion (40 mins)

10:50 - 11:15 Ceoffee Break

11:15-12:45 Polarization (Chair: M. Woods)

Overview (20 mins)
Short contributions* (30 mins)
Discussion (40 mins)

12:45-2:00 Lunch

2:00 - 3:30 Luminosity (Chair: D. Cinabro)

Overview (20 mins)
Short contributions® (30 mins)
Discussion (40 mins)

3:30 - 4:00 Coffee Break

4:00 - 5:00 Discussion and Planning

* short contributions are 10 mins, ma:

- Updated: April 14th, 2002
IPBIS Home



Contact Information

For information related to the SLAC meeting on June 26th, please contact Eric Torrence or Mike
Woods. For more detailed information about a specific topic or if you would like to know what you
can do to help, please contact one of the people listed below.

Luminosity

® David Cinabro
L ]

Energy

@ FEric Torrence
%

Polarization

® Mike Woods
»

Updated: April 14th, 2002
IPBIS Home
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Extended Joint ECFA/DESY Study on Physics and Detectors
for a Linear Electron-Positron Collider

ECFA DESY

Linear Collider Workshop

Toptics of Interest Related to the Study

® ENAL Circle Line Tours
Series of "CIRCLE LINE TOUR’ talks being held at Fermilab to address physics issues
central to future colliders.

@® Line Drive
FNAL series of Linear Collider Double Headers
The subsequent talks will follow at approximately two week intervals, We have a draft
schedule with ideas for dates, talks, and speakers but none are fixed beyond February 15.
The web page above provides access to archived versions of previous talks, including the
Witherell introduction and Grannis seminar from Jan 18. The web site for viewing the talks
live is also linked to the above page.

® Laser based beam diagnostics R&D activities
The aim of the Laser Based Beam Diagnostics (LBBD) Collaboration is to study the

* feasibility of laser based diagnostics tools for future linear electron positron colliders (FLC).

The objectives of the laserwire project are to develop laser based techniques to measure the
dimensions of electron (positron) bunches in a FLC and optimising their application using
simulations.

-

ECFA/DESY Workshop Home Page

DESY Home Page
last updated by S Schreiber on 14-Apr-2002
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Welcome

Laser Based Beam Diagn
R&D Activities

Lag ev ajLve.

News | Resources | Scientific Case | Goals | Collaborations | Activities | Opportunities

The mission of the Laser Based Beam Diagnostics (LBBD) Collaboration is to study the feasibility
of laser based diagnostics tools for future linear electron positron collider (FLC). The objectives of
the laserwire project are to develop laser based techniques for determining the dimensions of
electron (positron) bunches in a FLC and optimising their application using simulations.

News

® 27/03/02 Installation of the CTF2 Laserwire (Photos)

® 06/12/01 Laserwire meeting at Desy Hambure 28/11/01 (Transparencies)

® 06/09/01 Laserwire workshop at KEK Japan 27-29/08/01 (Program and transparencies)
® 28/03/01 Laserwire meeting at Desy Hamburg 28/03/01 (Transparencies)

® 21/11/00 Opportunities for master projects in 2001

® 16/11/00 Launch of the LBBD Collaboration webpage

Resources

In our archive you find handouts and copies of talks held at conferences and workshops.
Furthermore published papers and student reports are available for download.

Scientific Case

The performance of future linear collider depends strongly on the control of the transverse particle
beam size along the complete machine, for example to verify beam optics and to measure the
transverse beam emittance. Some of the expected beam sizes are in the range between 500 nm and
10 pm, where conventional wire scanners are at the limit of their resolution. To provide a

non-invasive measurement we suggest to use a laser beam to probe the electron beam. The central
idea is to use Compton scattering between electrons in the bunch and photons in the laser beam

‘FL{J"{‘!“EU' {_!br]x,(, ﬁj ec‘ < 'C]TF'
- EFTR
-~ KasviLa®

= YS +Hhegie &)p s



Welcome

Opportunities

Master Projects
Luserpve -EF sq;ﬁﬂ
- L
-0y ff ¢ v}‘
Introduction B Cﬂ - - .mt

For application at future linear colliders, laser based diagnostics tools are foreseen for the
measurement of the transverse charge distribution of the electron beam. Beam sizes in the order of a
few len micrometer and bunch charges in the nC range are expected for the beam delivery system.
To measure this small beam sizes it is planned to scan a finely focused laser beam under 90 degree
angle through the electron beam and collect the Compton back- scattered photons as a function of
the relative laser beam position. The Research and Development effort is carried out by the Laser
Based Eleciron Beam Diagnostics Collaboration, in which the RHUL group is responsible for the
laser system.

Development of a Laser Final Focus System for the Laserwire
Experiment (appointed)

The laser final focus system is of major
importance for the successful operation
of the laserwire beam size monitor. In
order to use the laserbeam as a
non-invasive scanning techniques, the
transverse beam size of the laserbeam at
the interaction point must be in the order
of a few micrometer. To achieve this, an
o aberration-corrected optics design must
ELECTRON BEAM be developed to focus the intense laser

) beam inside the electron beam chamber.
In this project a student can achieve skills in laser optics for intense laser beams as well as
accelerator physics. The study includes the design of an optical system and realization on a
testbench in lab at RHUL. The outcome of the work will find an application at the laserwire
experiments at the PETRA/TTF2 accelerators at DESY or at the ATF at KEK.

L

Design and Test of an Imaging System for the Laserwire
Experiment (free)
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Luminosity Overview

This topic covers the issues related to understanding the luminosity delivered at the interaction
point. In addition to the instantaneous and total integrated luminosity, many physics analyses also
require a detailed understanding of the differential luminosity spectrum (dL/dE) resulting mainly
from the large beam-beam interactions in the collision process. All forseen measurements of
particle masses, for example, are highly sensitive to the exact shape of this luminosity spectrum.
Methods for optimizing the delivered luminosity will also be considered in this topic, due to the
significant overlap in required instrumentation.

The following is a list of topics and questions which is almost certainly incomplete. Please feel free
to suggest additional questions, provide answers, or express an interest in thinking about any of
these issues.

Physics Questions

® Which analyses require an absolute luminosity measurement, and with what precision?
® What is the ultimate precision required on the luminosity spectrum?

® What are the relative luminosity requirements for threshold scans at high energy?

® What relative luminosity precision is required to calibrate the energy scale at the Z-pole?

Potential Beam Instrumentation

® Beamstralung monitor

@® Pairs monitor

® [aser Wire

® "Wire’ scanner at point of high dispersion
® Radiative bhabha monitor

® Deflection scans

@ Bunch length monitor

Potential Detector Measurements

@ Bhabha acolinearity
® Low-angle bhabha scattering

Operational Questions

® What is the possible variance on short time scales?

® How precise do we need real-time measurements? _

® What are the likely correlations with other parameters (energy, polarization, etc.)?
® How often are invasive measurements required?

® How easy is it to trade luminosity for energy spread?

@ Just what is the strategy for optimizing delivered lumi?

Detector QQuestions
® Where does the luminosity spectrum monitor go?
® What sort of alignment tolerance is needed for the acolinearity measurement?

® How much time is needed to reach the target precision?
® How does an IP boost effect this measurement?

. Slac . sunfoud .&fu/“-’wwcg/ {:PE)Ly



= WW'M'WWWMWTJH#LMW.{

| The Mask as a Detector |

e CDR mask: not really a detector, large acceptance hole
between 50 and 80 mrad.

e physics importance: e.g. for small A M SUSY searches.
Need sensitivity for small angles, as far down as possible.

e detector requirements: Need electron, muon and pion
detection capabilities down to small angles.

* the proposed new mask design:

{[E[}
H




HLC - The Mext Linear Collider Project

TESLA IR
Instrumented W Mask & Pair-LumMon w/ Low 7. Mask

24mm cylindrical mask
with pair L manitor
T T stripline BPM T cavity BPM
2400 2750 5200

sl
Back Mext Synchronize Video



NLE - The Next Linear mlefﬂct“r Maski -

Plan View w/ 20mrad X-angle

T

Fiest

Back Next Synchronize Video
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Luminosity (cm?®s™)

NEW for 2% &TUDY

Estimated Luminosity as a function of Beam Energy

1.00E+35
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Vibration Stabilization for the NLC final focus
(Special Projects Group)
Link to software group vibration feedback page

The final focus doublets for the NLC need to be stabilized to a relative position of ~Inm. On long
timescales (>1second) the beam - beam deflection provides the best measure. For shorter
timescales, several options have been suggested:

® Passjve isolation: The vibration levels measured at various sites suggest that passive isolation
may provide sufficient isolation. This approach has the advantage of simplicity, however it
may fail if "cultural” noise due to the accelerator is larger than expected.

® " Optical Anchqr" This system uses an interferometer to measure the relative positions of the
magnets. Interferometers can provide sub-nanometer resolution at high data rates (>1KHz).
The primary disadvantage is that differential ground motion can mimic the effects of magnet
motion. In addition the optical anchor requires penetrations threugh the detector for the light
paths

® “Ingrtial anchor" This system uses accelerometers mounted to the magnets and feedback. This
system locks the magnets to the "fixed stars”. This system has the disadvantage of not
providing information at low frequencies, and of locking the final focus quads to the "fixed
stars” while the rest of the accelerator is presumably referenced to the ground.

® “Super fast feedback” This system would use a very fast (10ns) feedback (or feedforward) to
correct the trajectory of the later parts of the bunch train based on deflection measurements on
the early bunches in the train.

Ground motion: Ground motion varies substantially between sites, For many sites, the measured
ground motion would allow the use of passive isolation for the final focus quads. There is concern,
however, that the installation of the accelerator and associated systems may produce an
unacceptable increase in ground motion, necessitating the use of some form of active isolation. A
good discussion of ground motion effects and measurements for the NLC can be found in the NLC
ZDR.

Note on overall vibration issues for NLC vibration.pdf

Vibration ems consist of thr ts:

Sensor: Detects the motion of the device which is controlled (Electron beam, Laser Interferometer,
Accelerometer)

Feedback Loop: An algorithm for controling the actuators based on the sensor readings (Analog,
Digital, Adaptive)

Actuators: These provide the actual mechanical feedback. (Piezo-pushers, Inertial pushers)
Most recent talk LC2002talk.pdf

Old material (some out of data)
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