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INTERNATIONAL  WORKSHOP ON 
FINAL FOCUS AND INTERACTION REGIONS 
OF NEXT GENERATION  LINEAR COLLIDERS 

March 2-6, 1992 

EXECUTIVE SUMMARY 
John Irwin 

Since November 1988 there have been yearly international workshops address- 
ing the design of next-generation  linear  electron colliders. These  have been very 

successful, and  as designs have evolved, and specific experimental R&D programs 

have been defined and  initiated,  it  has become apparent  that  to proceed in  a  timely 

manner to a complete design, it would be helpful to have workshops which address 

sub-areas. 

The first such “sub-workshop,”  in  what we hope  may become a continuing 

series, was held March 2-6, 1992 at  the Stanford Linear Accelerator Center.  There 

were 81 participants from  six  countries:  France,  Germany, Japan,  Switzerland, 
U.S.A., and U.S.S.R. Thirty-one of these participants came from  outside the U.S.A. 

The first  day was devoted to four  plenary “issues” talks, one for each working 

group: Beam-Beam Interaction,  Detector,  Hardware,  and  Optical Design. The  last 
day was devoted to plenary talks summarizing the  activities of the working groups. 

Each of the  three remaining  days  there was a short  morning  plenary devoted to 

a brief summary of the preceding  day and  an  announcement of planned working 

group discussions for that day. The transparencies for the “issues” and  “summary” 

talks  are included in this volume, along with some remarks  from the working group 
chairpersons. 

For an exposition of the  subjects addressed  in each working group, please refer 

to  the chairperson  summary. Very  briefly, the beam-beam  group  continued to 

address the  quantitative  study of QED induced  backgrounds,  and attempted  to 

better  understand  the  nature  and prevalence of QCD minijets.  The  detector group 



attempted  to identify the impact on masking and  detector design of the  beam-beam 
backgrounds, the synchrotron  radiation induced backgrounds from beam halos and 

muon backgrounds produced primarily in collimators. Nanosecond timing elements 

needed in conjunction with multi-bunch operation were discussed. The hardware 

group addressed the problem of magnet design and support, especially the final 
doublet  magnets  suspended within the  detector environment,  and  instrumentation 

issues, such as high resolution beam position monitors. The optics  group discussed 

new final focus system ideas, collimator design, and improvement of beamline 

tolerances. 

We were gratified by the large interest in this workshop, as evidenced by the 

participation  and  the  contents of the  summary  talks presented here. A sincere 

“Thank you” to all participants for your enthusiastic involvement. Thanks to 

the support staff at SLAC that organized an infrastructure which functioned so 

smoothly  as to be practically invisible. And thanks  to  the organizing committee 

for their efforts in giving this workshop its shape. 

If you  were not here to  participate, we hope that this volume  will help you 

in your orientation to these problems, and we hope you can join us in a future 

workshop. 
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Circular  machines  have  nice  closed  solutions 

In Linear  machines, p functions  are  properties 
of lattice AND initial  conditions 

Garbage Out 

In Addition,  all  measurements 
become  an exersize in fitting 
(linear & non-linear  regression) 
Good error  analysis is essential! I 
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Final Focus Schematics 
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X Chromatic contribution per magnet 
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SLC FINALFOCUS DESIGN - 
LIMITING ABERRATIONS 

Chromaticity 
- Corrected to 2nd (optical) order by CCS 

Corrected bandwidth limited to &=+OS% 
by 3rd order aberrations. 

Dominating aberrations: 

- Interleaved sextupoles pairs 
- Chromo-geometric 
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One Problem SLC has that 
FFTB/NLC will not have - ARCS 

SLC Arcs cause many problems with x-Y COUPliIl$ 
and general  phase  space mismatches at entrance to FF. 

Silver lining: Good Collimators 
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Standard Tuning Algorithm 
1. r\ Match - uses on-line package to adjust quads. 

2. No X-Y coupling at SQ17.5 
(first skew quad). 

Any coupling here  due to 
matching quads or Arcs. 
No independent adjustment. 

Measurement technique: Wire 
Scanner & Florescent screen 

3. Beam must be "ROUND" at 
triplet/SQ3 (second sqew quad) 

Adjust p matching quads 
to obtain -900 pm spot 

1' PR4 

Measurement technique: Wire 
Scanner & Florescent screen 
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Final Adjustment 
- IF spot optimization. 

fit 

knob 

Measurement of beam CJ at IP using either 
(a) IP wires 
(b) beam-beam deflections 

where "knob" can be 
(a) Waist position 
(b) Skew <x'y'> (second skew quad) 
(c) q (CCS closed bumps) 
(d) Chromaticity (sextupole strength). 0 



Tuning Problems #1 
Optics & Orthogonality 

FF tuning algorithm severely compromised by: 

Mismatch (coupling) from Arcs. 

Beam stability. 

Beam distribution (non-gaussianhails). 

Magnet misalignments. 

Diagnostics & modeling errors. 

One common theme: Orthogonality 
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Importance of Orthogonality in tuning 
Tuning Goal: To tune out independent aberrations 

and make smallest spots possible. 

Chromaticity 

Orthogonal 

Non-orthogonal 

Dispersion 

A. Chromatic. 
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DIFFICULTIES ‘TUNING THE FINAL FOCUS 

X-Y coupling is tuned by observing a profile monitor: - Beam tails can confuse  the  issue - Dispersion  can  couple thc beam ... 

i j  - Procedure is only valid for equal  emittances - Over-rotation of spot is possible 

Adjustment of IP divergence sometimes impractical 
because of incoming beta mismatch and/or strong 
X/Y coupling 

ATTEMPT TUNING WITH REAM-DELI\/ERY 
MODELING SOFTWARE 

==> SQ17.5, QD17, QF16, Q3.5, SQ3, Triplett 
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NORTH 
4 WIRE 4 XCORS & 
SCANNERS 4 Y CORS 
(SEC-28) (SEC-30) \ 

MODELED 
TRANSPORT 

LINAC 1 nt%l*OI  

(to arc er 

MEASURED arcend BPMs < 
?.D A kln 'WRT 

4 
matrix for arc 
synch. radiation 

beam 
Tor arc 
radiation 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

Measure sector-28 4x4 beam  matrix  with  wires  scanners 
Reconstruct  sector-30 to arcend 4x4 transport  matrix  (oscillations) 
Model uncoupled transport  matrix  from  wires to sector-30 
Model coupled transport  matrix  from  arcend  to  beginning  of  Final Focus 
Transport measured beam  matrix from wires to arcend 
Add on arc  syncrotron  radiation  beam  matrix  at w e n d  
Transport  net  arcend  beam  matrix to beginning  of  Final Focus 
Fi t  Final Focus quads for desired IP beam  given  input  beam 
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Problems with P-matching Procedure 
Disagreement between observed and 
calculated parameters: 

IP waist shifts 
Setting of SQ3 (2nd skew quad) 
IP angular divergence not correctly estimated. 

Possible sources of error: 

Modeling problem 
Synchrotron radiation correction not good enough, 
Sextupole, magnet misalignments 
3 additional quads and skew-quads not in model 

Concentrated on sextupole misalignments. Use technique 
proposed by Irwin to align sextupoles using measuremen 
of aberrations at IP 
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BEAM BASED SEXTUPOLE ALIGNMENT 
X-SEXTUPOLES (SXS/SXl2) 

X-waisr 
observe: Ox vs X-WAIST 
set: symmetric  X-bump 

AX 

AX observe: Ox vs IP qx  
set: asymmetric  X-bump 

Skew 
AY observe: Oy vs skew quad 

set: symmetric  Y-bump 

w e r s i o n  

AY observe: Oy vs IP T)y 
set: asymmetric  Y-bump 

Y-SEXTUPOLES (SX9/SXl3) 

Skew 
observe: Ox vs skew quad 
set: symmetric  Y-bump 

AY observe: Oy vs IP q y  
set: asymmetric  Y-bump 

y- W& 
observe: Oy vs Y V A I S T  
ser: symmetric  X-bump 

X-&pcrsion 
AX observc: Ox vs IP q x  

set: asymrnctric X-bump 



Sextupole Alignment Procedure 
Example: IP Waist  motion 

Horizontal  sextupole  misalignments 
3 additional QUAD (moves waist at IP) 

Sextupole Alignment Procedure 
Example: IP Waist  motion 

Horizontal  sextupole  misalignments 
3 additional QUAD (moves waist at IP) 

Sextupoles at 
nominal setting 

waist position 
o2 Sextupoles changt 

AZ = -2AK2 

waist position ' 
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Results of Electron p match after 
NFF sextupole alignment. 

X 

1.77 

300 

Az (cm) -0.25 

1.70M.07 

306+16 

o.o+o. 1 

problem 

Measurements made on IP wires at low currents 
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Beam-Beam Deflections 
- our bread 

Ax 

and butter measurement! 

Ax 
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Non-linear fit of above function to deflection angle 
(0) as we scan AX. 

Assumptions: 

Gaussian beams 
Round beams 

Fitted parameter * Z2 = (0: + 0; ) 

Difficult to tune  one beam  if other bea 
is  large (larger beam dominates X) 

In addition, how do you determine @? 
Answer: Yet another least squares fit! 
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Problems with Beam-Beam scans 
1. With initial deflection angle reconstruction: 

Need to  assume  some  model R matrix 
between BPMs  and IP. 
3 model errors give  erroneous fit. 

BPM scale errors 3 erroneous fit. 

BPM offsets * bad fit x2 

2. With deflection angle (non-linear) fit: 

Not necessarily gaussian beams 

Not necessarily round beams 

Only measure C, not individual sizes 
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Round Beam Problem 
Determination of angular divergence 8* 

waist knob (Az)  

26 



Non-Gaussian  Beam  Problem 
Although tuned machine  probably has gaussian beams at 
IP, we still have boot strap problem of untuned machine. 

Untuned FF has 

I 

Dispersion 
Chromaticity 
higher order aberrations 
generally large spots 

present at IP NON-GAUSSIAN BEAMS 
Point in case: Dispersion. 

Non- 
Gaussian 
energy 
spread 

L 
Non- 
Gaussian 
beam  at 
IP 

Normally have very poor beam-beam  scans when  we 
begin tuning FF. Eventually  scans  become cleaner as 
aberrations are tuned out. 

27 
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Tuning Problems #2 
- Diagnostic & Beam Quality 

related Problems 
3 Main problem areas: 

(fast) Beam Jitter 

Beam distribution (non-gaussians & tails) 

+ (slow) Drifts in beam parameters 

Big problem since it generally takes many 
hours to tune small spots 

+ Important to keep entire 
machine stable while 
tuning FF. 

Defer discussion of slow drifts until later. 
For  now, concentrate on first two issues. 
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STABILITY (its impact on tuning) 
Two  types of stability problems 

Beam  jitter (energy, position, current): 

Fast random jitter (noise) 
Jitter with some  time structure 

Long term drifts 

Slow loss in luminosity. 
problem with identifying what has  changed. 

Keyword is: FEEDBACK future machines will  be 
"fly by wire" 

Question: When  to  retune, and what? 
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Effects of Beam Jitter on tuning 

Fast  Random Jitter: 
Need to average  measurements. 
Will now tune  on effective 
average  beam. 
Will  degrade  luminosity 

Fast jitter with time structure: 

example: time slot separation 

SLC rep. rate = 120 Hz. Each alternate bunch (time slot) 
sees slightly different machine  due  to 6OHz mains cycle 
referred to as  time slot separation. 

=> systematic difference in energy, position and current 
between  two  consecutive  bunches. 
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We can choose to tune on either time slot, or on the 
average of both. 
Generalization to multibunch NLC 

bunch I #1 
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Long Term Stability - Slow Drifts 

Changes in upstream system parameters 
(eg: DR, bunch compressor,  LINAC, Arcs) 

3 Changes in IP beam phase  space 

Example:  Transverse  phase  space  match at 
exit of LINAC. 

How do changes in p & a at exit of 
LINAC affect IP spot? 
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The mismatch is characterized as half  the  sum  of  squares 
of the  major  and  minor  axes: 

35 



Waist motion as a function of phase, advance for various 
BMAC values (1.0 to 4.0 in steps of 0.5). A 8. of Smm is 
assumed. 
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=Angular divergence as a function of phase rdvance for various 
BMAG values (1.0 to 4.0 in steps of 0.5). 
A of Smm is rssumed. 

urads 

“‘y \ 
I e I e I s 

0 .5  1 1.5  2 2.5 3 
1 1 1 rads 
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Sources of Jitter and Drift 
Feedback systems 
Jitter can arise from: 

Power supplies 
Klystrons 
Ground motion 
Mechanical vibration. 

No matter where  they occur in collider, all talk to IP spot 
and  hence luminosity 

Need feedback systems to stabilize beam 

SLC has many feedback systems 
steering/launch feedback 
energy feedback 

FF has  two feedback systems 
beam launch at exit of Arcs 
IP collision feedback. 

Eventual adjustment of beam parameters will be by 
changing setpoints of FFBK systems - FLY BY WIRE! 
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Other Important Issues 

Backgrounds (see talk by Hertzbach) 

Important FF optics related topics: 

Steering 
FF orbit is generally arrived at through 
background considerations. 

IP Angular divergence 
Limited by detector, again often adjusted 
for background rather than luminosity 
tuning. 

Need to design Final Focus system so the one does not 
trade off BACKGROUNDS for LUMINOSITY 

41 



Machine Protection System ( M P S )  
FF ion chambers or beam loss monitors will trigger 
an M P S  trip. 

In single pass machines, a rate limit is required 

(eg 120Hz -> 1OHz) 

so that problem can be diagnosed and corrected, 
or better still, machine can cure itself! 

Trips can easily be caused by tuning since one 
typically: 

Changes QUADS 
adjust steering etc. 

Particular problem with SLC extraction line 
(large p functions). 
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On-going Problems with SLC FF 

Long Term Stability 

Why does luminosity "walk  away". 
Machine wide Droblem. 
Complex multilparameter space makes problems 
difficult to diagnose. 

Continuous monitoring of beam parameters. 

Still require more no-invasive monitoring. 
eg. Arc r\ 

Eventually leads to feedback systems. 

Better j3 matching algorithms 

More robust. Need to measure phase space at 
entrance of FF. 

Better magnet alignment. 
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In Conclusion 
- What have we learnt from SLC? 

FF systems should be designed to  be easily tunable 
- foreseen corrections should be orthogonal. 

Accurate & robust diagnostics are essential. 
- important to have the correct types and number 

to  do the desired job. 

Magnet alignment is absolutely critical. 
- provisions for beam  based alignment will be 

necessary. 

Include feedback systems in the design. 
Assume everything will need a feedback system. 
types of feedback systems required may have impact 
on lattice and types of diagnostics required. 

Detector & accelerator are one entity. Should be design( 
as such. 

Luminosity is not made by FF alone: Global approach 
to machine design is required. 
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SLAC Final Focus Workshop 
March 2, 1992 
0. NAPOLY 

FINAL FOCUS SYSTEMS: OPTICS KEY ISSUES 

SUMMARY 

I) The General Philosophy 
11) Tbe  Perfect  Machine 

0 The telescope 
0 The chromatic  correction  section 
0 The bandwidth 
0 The matching section 
0 The residual aberrations 

111) The Imperfect Machine 
0 Jitter tolerances 
0 Alignment  tolerances 
0 Wake  field  effects 

IV) The  Interaction  Region 
0 The crossing  angle 
0 Collimation 
0 Muon protection 
0 The solenoid 
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I) The General Philosophy 

0 derives from the  low-beta in e+-e'  storage  rings and from the final 
focus in the SLC: 

r IP 

0 illustrated by the  one-dimensional  telescope (K. Brown) 

-3 de-magnification M =. fo/ f * (W 1) 

1) sets the  scale of lengths 
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11) The Perfect Machine 

oo00. - 
mooo. - 
to#). - 
m. - 
woo.  - 
4ooo. - 
-. - 
ZOOO. - 
loO0. - 

L1. R. 

0.0 4- 
0.0 1 Lb.0 3 . 0  

can be derived from the thin lens solution which optimizes the figure of mekt * 
F = 1/(4 + 12 + 13 + 14 + 15)(1911+ 1921 + 1931 + 1941) 

(essentially 1 free parameter) 

t last quad  focusing 
horizontally 

c last quad  focusing 
vertically 
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vertical  chromaticity 
I " " I ' 4  

""f ' 

2 0 0 t  

I ' 7  

c 

300b 

horizontal  chromaticity 

E c. 

R - 
c 

1 ' ' 1 ' 1  
1000 

800 

600 + minimum TI26 = 69 m 
400 - 
200 

0 

with last quad focusing 
horizontally 

1500 - 

1000 E- 
/ 

6,,, e &&/T126 = i0.7% for & = 2 cm 
+ possibility  for a flat-beam  telescope with vertical correction only. 
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the academic de&n 
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v e ~ u s  
the inventive design 
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oa L 
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Skm 
For large dtmagnikdonr, 4-kns are bo bag. 

7000. - 
ooo. - 
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a. - 
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0.0 4=== 
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. v  
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?? 

i 
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00 

160 x 190 telescope with 5 lenses and gs = -0.84 m 
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2) The chromatic correction section 

Obeys general  principles daived from SCC find fbcw 

0 tbe pairs which correct horizontal and vertical dmmaticities 
are not mterlaced to avoid  third order aberrations 
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an alternative 
vertical dispersion and skew sextupoles in CCS-V 
1 

- 

/r 

1000. 

0.0 -- -- 
0.0 50.0 100.0 150.0 200.0 250.0 300.0 350.0 400.0 

6Jp.c - 0. 

I 

-. 

I 
450 

0 

- O.oo600 

- 0.00*00 

- 0.00200 

- 0.0 

- -0.00200 

- -0.00400 

- -0.00600 

Vertical dispersion offers 2 main advantages: 

0 it reduces the  strength of the sextupoles 

Kz[MAD] : 287 m-2 4 109 m-2 
Bo : 3.01 Tesla + 1.15 Tesla 

for 2.5 mm aperture  radius at 1 TeV. 

0 it allows to optimize the dipole strengths independently in horizontal 
and vertical chromatic sections. 
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3) The bandwidth 

The energy depem&ma d /9’ is calculated from the energy-dependent trans- 
fer matrix R(6): 

m )  = mm + R m / P O  . 

0.00864 - 
4 

m- 

w n  - 

OD3576 - 

0.00480 - 

0.00384 - 

0.00288 - 

0.001 92 - 
0.00096 - 

0.00960 

i 0.00046 

t 0.00035 
F 0.00023 
i o.Ooo12 

This does  not  take into account  synchrotron  radiation in the dipoles. To 
optimize the strength of the  dipoles,  one can use theory and/or tracking. 
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bandwidths of &lens talescop 
25 x 75 de-magdcath~  
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the bandwidths for the "tilted CCS" 

0.00384 - 

0.00288 - 

0.001 92 - 
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n 0.00960 
E 
.i 
Y 

0.00864 

the brndwidths of the anal focus system 
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4) The matching section 
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5 )  The residual  abe,rrationr 
(K. Oidc, J. I'n, G. Roy,  M.S& ...(no t me)) 

0 The long sextupoles 

0 The synchrotron radiation in the dipoles (L, 6, p) 

- effect of the energy loss 

where 

Nl= rrmkr of- .fkt the sextupole pair 
& =  lnnhrrddip&smbetwe!enthe#xtupolepair 

with (x*) the sum in qudrakun of dl dipole contributions 
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The  contribution of each dipole is given by 

where R is the trader matrix from the exit of the  dipole to the IP and 

55 refLC 
c2 = -- 

24fi  ( m s ) 6  
N 4.13 x 10-"m2/GeV5 

0 The synchrotron radiation in the last doublet (Oide effect) 
(K. Oide, J.  Buon, K. Himta) 

where the  coefficients  are  given by the  optics and by the program SOIL: 

Fl = 2.69 , F2 = 6.12 for CLIC 

20 

18 

16 

14 
n 

' t  2 
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0 The badly placed quadrupoles 
(K. Oide) 

The ~uadrup~les which are not at a Nr phaet-advance from the sex- 
tupoles (essentially the bt doublet or the k t  quadruples of the tele- 
scope) generate sixth order aberrations and limit the bandwidth: 

where L is the distance between the sextupole pair  and  the find doublet. 

a the energy acceptance is determined by the horizontal baadwidth (ez- 
cept for oety frat bms) since the CCS-V is closer to the final doublet 
than  the CCS-H. 

+ long telescopes axe not good 

increasing the bandwidth requires correcting the chromaticity of the 
badly placed quadrupoles, by using more sextupoles 

--* final focus system with large momentum bandwidth 
(R. B+&n..unn, A. Sey) 
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e Lie algebra M q u e s  seem to provide the only t y r t c m t i c  method 
to understand a d  trace the high order aberrations 

m- 
( FFTB, J .  Inoin) 

0 Questions to the experts: 

1. are these aberration expressions valid in both plane ? 

2. how does one produce X ,  in m? 
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111) The Imperfect Machine 

Generalities 

L set d W l i m i t s  

0 Slowly crtors must be prcanrected and corrected 

- pre-alignment  and tuning kchnique~ 

- correction  algorithm  during  operation 

0 The  alignment  and  stability of the 2 final doublets is a special problem 

6y misalignment of one  doublet  with  respect to the  other 

e by' = dy offset  of e+ beam  with  respect to e' beam 

_* put  the 2 doublets on the same  beam to achieve 6y < 0; 

0 Much to be learnt &om FFTB preparation  and  operation 
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1) Jitter tolerances 

0 The problem is to derive tolerances to d e w  the golden criterion 

with X PPCT mpplied, depending on the efficiency of the beam-beam 
8ktrrrctioe 

e T w q p m d ~ ~ :  

1. e i c  method prwvides insight on the Muence of a given 
$ype d m r  (mwdignrrrcrt, mZZ, fieZc2 ...) for d individual ele- 
D&. 

For example: 

for vertical misalignment of a quadrupole of strength 9 and phase 
difference p from the IP. 

I 

/n- ‘LC 9 Oid e) 
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Tdersnces for the  quadrupoles b i d e  the CCS 
derived from their inhence on the following sextupole: 

and 

(J. Inuin, G. Roy) 

2. the tracking method with random errors in the line allows to 
study the effect of accumulation of small errors. 

A S  

2.5 

8 

6 2s 
3 

Tolerances for X = 1/2 and 6EIE = f1.5 % 
(S-band, R. Bn'nkmann) 
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e Arrsrrme that the deet of amcs i. wcll accounkd for by the  zeroth 
orda [ %bred orbit7 and linru (krrufer mot&) pSrte of the map M 
fiomtbelinacucittOtheIP. 

is the Ycdan distribution" of the beam rt the entrance of the find 
focus  line, 

) and X0 = [ ) is the ofkt at entrance, 

ao(4 

&(r)  is given by 

The transfer map S appmximakd by 

M(]T) E X' Y 6 X ' t R . X  
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0 Under the sssumption that z is not coupled to the  other mrdinatcs 
in thc matrices S sad R, one gets 

t +  
cxp (G) crp (A>--. [ - ~ A T ( t , f ) ~ ~ o l ( t ) ~ A ( z , f )  1 /det*/'A(f) 

where A(t) is the 2-dimdonal square matrix 

and A ( t , t )  is the 2dimensional vector 

P,, is the projection operator on the  zy-plane and Tt is the  time 
t r z d a h a  operator. 

The 2d-~&crgral is rtraightfomard (for a computer) since  the integrand 
is expuwmtidiy ckcmwaq for large t and ct. 

0 The Gaassiam kmgitqdinal distribution caa bc replaced by any more 
realistic ane. k them any ? 
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2) Alignment tolerances 

0 Alidnmept algorithms have been studied in more or )ere details. 

1. tbe maw& d e t d a i  one from the FFTD collaboration: 
(F. Bulo~, D. Burke, R. Helm, J. Im*n, A. Odian, 

C. Rag, R. Ruth, N. YamarnofB.j 

N LC Tolerances 
G#rrtoc Fiu: Other Qudtupolcr Sexrupolcr Dipoles 

(1P aoord.) QvdruFpkr Wont I RMS 
A'Z or AY nl. n/a 

.' omp 0.32 0.24 p 

t' a 53 nm 20 nm 

cI+ or Aby n/. 4. 
t's MI4 1.7 p 1.0 p 

$4 268 am 71 nm 47 nm 

Ak/k or Ad 4 r  or Ay A B I B  dr A# 
# 4.7 lo-' 4.5 6.2 IOms 0.30 p 1.8 lo-' 

P 1.0 ioo6 2.9 10-4  1.3 10-4 a7 ptrd 

d# 1l.t prad 129 ptad 80 prad 0.68 )r 
I 

I 
f 3  
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3) W&e field eft& 

0 Yokoyu o b s e d  that the resistivewall wake fields are strong in the 
last  quadrupoles because of the smaU aperture radius a. 

- the longiturlind effect is negligible: 

But a beam ofiset in the  last quadrupole induces, via the  transverse 
wake, an offset at the IP 

0 Simplest  appmrimation 

and 
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0 Using Yobyu's notations 

with the deet of the transverse wake §el& contained in 

0 In practical units 

It is  not a small number  for a = .5 mm. 

0 Questions: 

1. where is the discrepancy ? 

2. how big is the horizontal effect ? 

3. if a = .5mm is r d y  necessary, can the beam tube  contain  the 
last  doublet ? 
In that case, m e  has to take the  geometricd wake into  account: 

k~ = l6./a[mm] kV/pC.m for a, = 170 p m  

to be ComPQIcd with  the  resistive loss factor 

kl z 7.6 Z~[m]/a[mm)~ kV/pC.m 
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IV) The Interaction Region 
( S L C f i d  focw, FFTB c o l l o h t i o n )  

Crossing Angle 
6mr<&<50mr 

i.* 

Fig. 1. End of linac t o  interaction point in the Next 
Linear CdQider . 
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1) The crossing angle 
(P. Chcn, K. Yokoya, L. Wood ,...) 

0 The linear beam-beam effect predicts a disrupted round beam 

u*,Ju) = 00 8 

with the dmnckkt ic  disruption  angle 

for  example: 

80 = 0.24 mrd and u: = 300 pm for CLIC 8 1  TeV 

0 The beam-beam  simulation  predicts 

8, < 8, < 80 for D, > 1 

for example: 

e, = 0.14 =s~d a,(f*) = 170 pm 
8, = 0.10 mad 

for CLIC Q 1 TeV 
(D, = 3.4) 

d e  &ice : x-angle cy > k/l* 
( cf. quadrupole design ) 

but 
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2) Collimation 
(N. Mmninga, J. I m h ,  R. E h ,  R.  Ruth) 

a Collimators am necessary to scrap the transverse and low-energy tails of 
the beam distribution. 

a Geometric and resistive wake fields preclude step and  tapered  scrapers in 
the vertical plane in a linear lattice, Le. with u1 = @x. 
0 Introduce a rkew-8e%tupole a& maximum Pv to blow up vertid beam 
size + a rnirror elanent to CaDOd the aberrations. 

0 Energy  Ooliimation is done by introducing  horizontal  dispersion. 

0 Total  length of the  collirpation  section Y 500 m. 

- Check long sextupole  aberrations OK 

- Check stabiity tolerances on textupole and sqgper offsets OK 

- Check protection of scrapers against lost be ax^^ OK 

e Non-linear mnimation  schemes with odmpoles or decapolea induce too 
strong aberntioas. 
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I 

3) Muon protection 
(L.P. Keller) 

The number of muons p* reaching the detector per  electron hitting the 
scapers is  too large,  even  with an optimized  configuration of toroid  spoilers: 

(Ne in scrapers)/N, < 3.6 x lO'/N, for N,, < 1 

when - 
f 
1Q 

L 
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I I I I I 
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Recommandation &om previous study: increase total bend - Big Bend design 

between adbators and final focus d o n  
(R. %elm, J. Irtpin) 

B, = 125 Gauss B 750 GeV 
reslized with &entere!d quadnrpoles of a FODO lattice 
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4) The solenoid 
(SLC finaf kua, K. Oidc) 
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LINEAR COLLIDER FINAL FOCUS 
AND 

INTERACTION  REGION 
HARDWARE 

M. Ross 
March 3,1992 

Impact  on upstream systems 

Take most technically complex final focus systems and 
look upstream for (partial) solutions 

Use of SLC for test  and development 

Outline: 

Tuning methodology and related instrumentation and 
controls  issues 

Mechanical  systems 
Instrumentation 

Position Monitors 
Profile Monitors 
Background / Loss Monitors 

Timing and Synchronization systems 
Protection  systems 

Comments  on 'Long pulse' vs 'Short Pulse' 
(DESY/TESLA) (J/NLC) 
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Tuning 

Process that increases tolerances by feat <-- 

(Much harder to develop and verify specified 
performance) 

Must address incoming beam conditions and data 
acquisition 

Must not rely on global tuning except when 
absolutely necessary because of sensitivity to 
upstream systems 

Even though tuning procedures are heavily used at 
SLC much more remains to  be understood about their 
effectiveness. 

What are the z 's? 

Proposal: Use synchronous detection techniques to provide 
'continuous tuning' and remove errors introduced by 
changing upstream conditions 

For example: use continuous 'sub-tolerance' stimulation 
and synchronized detection 
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Impact: 

Device  controllers must have 'AC' as well as 'DC' 
characteristics; e.g. pulse to pulse  current  or  pulse  to 
pulse  position control and sensing 

Device  tolerances reduced 

Data  acquisition must be synchronized;  simple  signal 
multiplexing not useful 

Data  taking should be done  at full rate to reduce 
statistical  error,  large data bandwidth required 

Single  pulse beam size  monitor  is  required to 
characterize phase space  volume and orientation so 
that this can be  done with more than just BPM's 

Tests at SLC: 

Damping Ring Extraction Kicker  control 

Final focus  dispersion / energy  sensitivity 
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Measured 
Position 
(mm> 

X BPM n 
0.05 

+ 1 
O + ;  + 

-0.05 * + 

Extraction  Kicker Timing 
?orrelation 

-0.1 - 
77.5  78 78.5 79 

X BPM n+2 

+kt+ ** 
0.0s 

77.5 78 78.5 79 

Kicker Pulse time (ns) 
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Proposa1:Use redundant tuning schemes and a minimum of 
global 'detectors' because of : 

1) Instrumentation systematics and non-linearity 

Examples: 

Quad - Bump technique - Are there BPM systematics 
that depend on beam size that would contaminate the 
Ax/Ak tuning procedure? 

Non-linear BPM systematics and  BPM - BPM 
calibration effects on measurements of non-linear 
optical elements. - SLC RTL tuning 

2) Upstream effects contaminating global correction 

Example: 
Beam - beam scans in the presence of tails 
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Hinge  Base 
Point Quad k+Ak I A 

Modulate  Strength of each  Quad 
and Move  to  Make Orbit Stationary 

Hinge 
Point Base 

Quad 
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Mechanical Svstems 

Focus has  been on magnets, support  systems and 
alignment schemes 

Widely perceived as a significant technical challenge, 
e.g. final doublet relative vertical position 

Proposal: Measure relative position just  before  collisions 
and correct using  upstream fast steering magnets. 

Feedforward 

Proposal: Use precursor beam (-3011s) before luminosity 
bunches. 

Parameters of precursor beams: 

Single bunch 1 E 10 
Energy 0.7b 
IP sigma y 500nm 
Deflection slope 1 prad/nm offset - Inm offset 

should  be detectable 

Precursor beams  would require separate beam lines 
between the end of the linac and  the final  doublets 

Also could be  used for  crab  cavity  phase feedforward 
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Bill Ash 

Hardware Sessions 
FFlR Workshop 

Magnets & Supports 

Magnets: 

PM, hybrid, conventional, s/c? (Spencer, TaylorEgawa) 
Any radiation or rf heating issues? 
Field quality & measurement? 

supports: 
Vibration (passive + active) 
Alignment 
Impact on detector (beampipe, vertex  detector) 
Impact on masking 

(Bowden) 
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Convenrlonal Iron- 

0.1 0.5 1 5 10 
Quadrupolr Rodrus ~ c n l  

Fig. 3 Strengtb obtainable for the merent q u d  types in 
Fig. 2 bued on a perk polotip field B =12 kG for the iron, 
a mutimum remanent field B,=11.5 k& for the PM materid 
and NbTi wire with Jc=2kA/mm2 at 3T and 4.30K. 
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Fig. 2. &hema& of the pouia uirmic isoh- 

tector. In UK appZicatim to o cdlider finol focw, 
the heavy mau u be crpcrimeni'r mdcop, llre poor 
might be opproptioiclg modified, Lhc optical toble fits 
into the ten-degree  dead region, ond the finol focw 
ruppori h u m  hongs on the rwpendcd mirrorm. 

tion fot the C & C h  inlnjetmnctr;e p m ' i y  WOW de- 

W v d y  Dm#d 
SIimtc Motton 

I IO 1 0 0  lo00 

C I I  Y (Hz) *IS..( 

Fig. 9. This gmph, odopfcd jrom d e  Colfech trod, 
d o w  the noise muuund on the kid oj suspension 
&etched in Fig. 1. The ctimpolaiion j o i w  the indi- 
rui high-frequency daio wid undompad lovjrequcnct 
n i s m u  mbroiioas. The cum morked 0.05 m r n l m z  
u an utimofe of the eoliider crquirrnuni. 



common vacuum system, 

lectron doublet 

adjustable isolating mounts 

I 

Detector body 
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Aperture 

Beam losses of about 1 E9 (out of 3ElO)per bunch are 
observed in SLC final focus 

In the  SLC linac (and arcs?)  much smaller losses are 
observed (1E-5) - Determined using loss 
monitors 

SLC: 
Linac beam pipe diameter is about 70 sigma 
Arc beam pipe diameter is  about 16 sigma 

Muon background requires losses at this level or 
lower 

What is the  impact on magnets, instrumentation etc? 
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Instrumentation 

Beam Position Monitor Systems 

A quick look seems to indicate that extensions of 
present technology may be adequate. 

1) How large can the beam pipe be made? Is this  a 
significant aperture restriction? Expected FFTB 
performance is lpm/5000pm radius and is close to noise 
limit  (0.7pm) 

2) How can independent bunch positions be sensed in a 
multibunch beam? What are the requirements  for  single 
bunch position measurements? 

3) How linear will these devices be? At SLC non-linear 
response of BPM's may interfere with attempts to control 
non-linear fields. How important are interdevice  scale 
calibrations? 

4) How does upstream beam loss or hard synchrotron 
radiation contaminate the measurement? Does every BPM 
require  a collimator? 

5 )  BPM systems may  be required for a) same-pulse 
feedback and b) special purpose measurements, such as 
those required for CCX/Y corrections  (where interdevice 
systematics must be minimized) 

6) What are the required stability time scales?  (to be tested 
at FFTB) Thermal / calibration question. 
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Stripline signal 

Multi-bunch 
Time Domain 
LC BPM 

Filter Fast 
ADC 

Processor 

Machine 
Clock 
-1GHz 
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Figure 6. The bunch spectrum at the end of the linac A., 
for two values of rf phax. N = 5 x 10” and V, = 30 MV. & e 
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Beam Profile Monitors 

What role do these devices play  in tuning procedures? 

Required for more than IP spot size tuning - must be 
included in optics design. Important for inter-system 
monitoring. Measure all appropriate optical parameters at 
each system boundary. 

-> Emittance preservation <- 

What are a profile monitors' desirable features?: 

Non-interfering - scans should be made while the machine 
is any operating  state, especially production operation 

Single shot profiles - these can be used  with synchronous 
detection techniques 

Linearity - this is  required due to emittance dilution from 
tails and due to the non-gaussian shapes associated with 
energy distribution 

Extreme dynamic range - As with other machines, it would 
be very nice  to examine the extremes of  the distribution (4- 
5 sigma). Should be possible with FFI'B/SLC wire 
scanners. 'Tail Monitor' 

Accuracy - Several devices in sequence will be used  to 
determine phase space parameters under non-optimum 
conditions. The interdevice calibration must  be adequate to 
allow accurate phase space measurements. 
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Figure 17 : Schematic view d t h e  ion detrctor. 
a) TransverM section at the FFTB focus. 
b) Longitudirul sution dong the beam line. 
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Robustness - must be able to repeatedly provide beam size 
measurements  for all possible beam intensities and sizes. 

IP Beam profile monitors 

Laser-Compton 

Ion - beam 'field probe' 

Liquid  wire scanner ; 0 c a? Let S-vrr\efl 

9 

Other: 

Beamstrahlung 

Final doublet synchrotron radiation 

Single bunch AE/E 

Bunch length (requires RF) 

Correlations (AE/E - Z, z - XJ) 

Pulse stealing  systems, used effectively  at SLC 
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9 R d 1 LE Fig. 2. SLC cnerm spectntm monitor using a vertical wiggler 

&) me magnet and an off-axis x-ray detector. 

Wiggler Maqnets ARC Momentum 
Ouadrwdt Dcfinlq 

0.00 s44 8 A a  

Fig. 3. Elevation view of the spectnrm monitor region. 
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Ideas are needed for (non - IP) spot size monitors. 

Measure bx*,Y* using bremstrahlung with 
segmented detectors 

. Two regimes: 
Large ax*,y' (at IP) 
Small ax*,y* , large Measure a, 
(Can  test both at FFTB and SLC) 

Monitor large aspect ratio beams 
'tab' or razor edge monitors will be studied at 
FFTB. Ideas are needed. 

Synchrotron light x-ray size monitors 
May be possible to surpass wire-breakage limit. 
pm level resolution may be poss.ible 
Used at SLC for AE/E monitors 

'Liquid' wire monitor - to be tested at FFTB. 'Wires' 
as small as 4pm have been made, sub-km wires 
are probably achievable. 
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Profile Monitor Comparison: 

Non - 
IP devices 
Resolution 
Limit to 
resolution 

Power 
limits 

lSignal 

I- Image 

impact 

I 

Wire Scanners Video screen Synchrotron 
light 

4pm smallest 

0.1 C/mmA2 lElO 
Screen bum Z x 2 p m @  
depth of source 
size, optics and wire in use L/Y 5pm min grain 

Max E dep in C 
Bremstrahlung  700nm  used at FFTB Ec= 

dimensional, 
single pulse dimension 
profile 

Semi-invasive, Invasive Non-invasive 
requires  without  pulsed 
downstream magnets 
bend to separate 
bremstrahhng 
Divergence 
measurement I I measurement 1 
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Beam Loss Monitors 

May be important for background (e.g.  muon) control 

Backup  for 'Tail Monitor' 

What  can  be expected? 

Questions: 

Lessons from SLC - practical items 

Instrument masks and collimators 

Loss monitor sensitivity 
Can detect -1 mJ (few  m-rad )using simple 
ion chambers (2E-9 of 400kJ DESY LC) 

Muon monitoring 
HEQ 

Goal is to accurately predict n detector response 
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L2 F l  I2 Fa I4 1 1. 

Fig.2 Cross-section of a 15 m horizontal collimator with a cdori- 
meter  embedded in its pit. 



Timing / Synchronization 

Must  have  feedback  system for crab  cavities 
What  are  the tolerances for crab? 

Inter-linac synchronization? Feedback and monitoring 

Laser - beam  collision synchronization 
(SLAC E- 144 using FFTB) 

This should not be a problem - 0.7ps(0.2mm) 
error mode  lock  laser timing control is 
commercially available. Better synchronization 
should be  possible 

Beam 'phase' or arrival time monitors are needed 

Wide-band (multi bunch) and narrow-band 
systems are being  tested at SLC. 0.ldegree 
S-band is  practical limit. 
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Machine Protection System 

Must be able to produce low power beam, with full beam 
dynamics, that can do no damage to beamline components. 
Must be able to switch between highbow power operation 
instantly. 

Beam diagnostic devices must function with 
'appropriate' tolerances under  low power conditions to 
allow testing, tuning etc. (e.g. mutibunch BPM's must also 
operate with  only one bunch) 

Beam power reduction control: 

Repetition rate - (SLC uses a complex scheme with 
auxiliary beam pulses and special dumps) 

Number of bunches 

Other? 

All high power devices must  have: 

Non interfering 'standby pulses' so they can remain at 
full rate 

SLC Kickers 

Thermal compensation for changes in beam power 
where needed. 

SLC positron  target 

These 'baroque' details must  be considered during design 
and R/D 
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General MPS philosophy 

Machine protection systems (MPS) 
0) Build self-protected system 

SLC positron target extraction line 
since this is not always possible ... develop MPS 

1) Catch all preventable events 
Use controls to suppress all beam pulses that are 
'known' to be bad. 
Feedforward 
SLC Veto system 
Extend this  approach for protection against 
single pulse faults 

Difficult, needs detailed study 
Use spoilers 

2) Single  Pulse faults 

Proposed 'Controls intensive solution': 

Focus on those devices whose field can change 
enough in a single inter-pulse period to permit 
beam to cause damage. 
All other devices should generate VETO if 
failure can  cause bean1 to strike a sensitive 
region 
Generate feedforward abort signal from BPMs 
etc if possible 

Response in cases where  there  is no signalled 
device failure, yet average power limits are 
exceeded. (typical SLC problem) 

3) Average power faults 

Develop integrated, fast, beam power control for recovery 
and diagnosis. 
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Machine Protection 

SLC SSC DESY NLC 
Single 

unlikely - no most most failures pulse 
damage pulse pulse pulse single 
single pulse single single No single ‘Average/ 

depth) 
(lmm 
density 

J/cmA2 J/cmA2 energy 
5000J/cmA2 5E6 100,000 5J/cm*2 W d x  

power 
OSMW 20MW 1.5MW 50KW Beam 

energy 
pulse 

420MJ 400KJ 12KJ 4005 

devices 
Abort Pulsed ?- will ?- will 2km with 
system . magnets, need need raster scan 

1OOKW more than more than kicker to 
dumps 2 2 increase spot 

can occur pulsed important important 

(2) size (2) 
Response 

bunches bunches 1 imi t) 
number number (power 

intensity rate and rate and rate limit Recovery 
( 3 W S )  pulse pulse pulse time 
1 turn same same inter- 

Shutoff loss mon device device loss mon  and 
- sensors controller position mon controller 
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Radiation Hardness 

All regions in next generation LC may be subject to severe 
radiation. (esp. 50MW long pulse machines). 

SLC experience: -10KRad / month  at 1 - 2 meters from 
beam line. 

Need radiation hard: 

Position encoders 

Video cameras' 

Optics - especially achromatic lenses 

NMR electronics 

Scattered radiation detectors e s 4 
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Conclusions: 

Problems: 

Further evaluation of tuning 

Mechanics of final doublet supports O r a w o s ~ t c  
0 prrc s 

Alignment 

I N T E G Z / 3 T E  8 E A -  

Thermal 

Masking 

Beam position monitors 
May  not be fundamentally new technology, but 
these are clearly the  most important diagnostic 

Beam size monitors 

Machine protection for multi-MW machines 
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PHOTON 
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Aperture d? 

. \  
1-i 6 mm (6 mad) 

Fig. 8. Schematic view of a masking  system in an  
IP region.  Besides the finite  crossing an- 
gle, the  system is cylindrically symmetric 
a r o u n d  the beam axis. (b)  Cross-sectional 
view of the beam line in f r o n t  of QX1.  
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- Final  Focus 

I I' 

2000 1600 1200 800 400 0 
12-93 Feet From 1p B I M Z  

Fig. 2. Schematic of the  final focus beam line used 
for this study. Note the  different scale in the trans- 
verse and longitudinal directions. 

Toroid layout optimized 
fo r  this source location 

S n m a s s  /?Bo 
SLACbB sr33 - 

6 

o No toroids 
Toroids  placed as shown 
in Fig 2. but no toroids  in 
Linac 

- e  , , Lina; , = I  i F ; ~ I ~ I '  
Focus 

1 o3 
6000 4000 2000 0 

1z.w 
6 7 W  SOURCE LOCATION (feet from IP) 

Fig. 3. Number of'electrons impinging on a collima- 
tor  which yield one muon in the detector ( b f c O ~ ~ )  as 
a function of source  Iocation  in tllc linac and final 
focus. 
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@ Linac 

Final Focus 
System 

0 

Beam-Beam  Detector 
Interaction 0 IP 6m 
Masking 

I 
I 

I- 

" Crossing  Angle 
4-91 
6918A1 6 mr < eC < 50 mr 

Fig. 1. End of linac to interaction  point  in the Next 
Linear Collider. 
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Summary of FFIR Beam-Beam 
Working Group Discussions 

Pisin  Chen 
The  Beam-Beam working group was charged to pin down qualitatively  and 

quantitatively  our  current  understanding of the  beam-beam issues,  including dis- 
ruption,  beamstrahlung,  and  its  related  background problems. 

To  the organizers’  delight, 21 people  actively participated  in  this working group, 
a number  larger than originally anticipated.  The  first working group session started 
with a free-wheeled discussion  on the  status of the  beam-beam  phenomena, followed 
by a review of beam-beam  parameters of all  machines  proposed by different  labo- 
ratories.  This  set  the  remaining six sessions with a proper  background,  where  one 
was held  jointly  with  the  Optics  Group on beam-beam  diagnostics,  and  two  with 
the  Detector  Group  on  QED  and QCD  backgrounds  from  beamstrahlung.  One 
session was open for free  discussions. All together,  there were 26 presentations, 
including 5 discussions  on the various  machine parameters.  These were all nicely 
summarized by E. Kushnirenko  on  the  last day. 

To summarize  the  status  in brief, at the risk of over-simplifying the  situation, 
the  group finds the issue of disruption  enhancement now  well understood  both 
quantitatively  and  qualitatively. New ideas  such as the “Traveling  Focus” which 
intends to optimize  luminosity  through  beam-beam  disruption,  has  been  pursued. 
Based  on  the SLC  experience,  beam-beam deflection and  beamstrahlung signals as 
diagnostic  tools look possible for the next  generation  linear colliders. 

Beamstrahlung is also by  now  well understood.  The only new development  has 
been the  analytic  formula for beamstrahlung  spectrum  under  multiphoton process. 
Though  this  spectrum  can  be  attained  from  computer  simulations,  its  general  ana- 
lytic  form is useful for calculating  other  effects  induced by beamstrahlung  photons. 

The issues of beamstrahlung induced  backgrounds  still  occupy the center of 
attention.  The  QED  backgrounds  in  the  form of e+e- pair  production  has been 
studied in detail.  Computer  code  has  been developed  in  which  all known effects, 
e.g.,  geometric  reduction,  external field suppression,  etc.,  are  included.  The new 
important issue is the QCD  backgrounds  in the  form of so-called “minijets”.  From 
the several presentations  it seems clear that  more work is  needed  before  one  can 
reach the  same level of confidence as that  on  the e+e- pair  production. 
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SUMMARY TALK 

Beam-Bean  Interaction  Summary E. Kushnirenko 

PARALLEL SESSION TALKS 

Beam-Beam  Working  Group  Program 

Multiphoton  Beamstrahlung  Spectra 

Beamstrahlung  Spectra in  Next  Generation 
Linear  Colliders 

Theory  and  Simulation of Incoherent  Pair  Creation 

e* Pair  Background and Masking 

QED  Backgrounds at  VLEPP 

The Accuracy of Beam-Beam  Diagnostics at  the NLC 
Beamstrahlung  Simulation & Beam  Diagnostics 

On the  Scattering of e, y Beams 

Conditions of “Travelling Focus’’ Regime 

Transverse  Equilibrium  in  Linear  Collider 
Beam-Beam Collisions 

Multibunch  Issues  in  Linacs of X-band  NLC,  With 
Longer Bunch  Trains 

e+ Production By e--Laser Interaction? 

High Brightness y , e Sources & the E-144 + -+* 
Experiment 

yy, ye - Colliders 

The yy Total Cross-section at  High Energies 

An Estimation of Minijet  Background at  JLC 
Beamstrahlung Minijet  Events  in  Next 
Generation  Linear  Colliders 

Two-Photon Physics  from TPC Experiments 

ALEPH  Results on yy -+ Hadrons 

Experimental  Results  on yy --$ Hadrons 

P. Chen 

P. Chen 
T. Barklow 

P. Chen/T. Tauchi 

T .  Tauchi 

E. Kushnirenko/S. Lepshokov 

v. Z‘ lemann 

v. Z’ lemann 
S. Heifets 

V.  Balakin 

J. B. Rosenzweig 

K. Thompson 

R. B. Palmer/P.  Chen 

J. Spencer 

V. Telnov 

M. E. Peskin 

A. Miyamoto 

P.  Chen 

M. Ronan 

R.  Settles 

K.  Berkelman 
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Transverse  Equilibrium in Linear 
Coilider  Beam-Beam  Collisions 

J.B. Rosenzweig 
UCLA Dept. of Physics 

SLAC Final  Focus  and Interaction Region  Workshop 
3 / 3 / 9 2  

Motivation 

1) Explain  observation  (in  Chen-Yokoya  simulations) 
of "pinch  confined"  near-equilibrium  profiles in 
beam  core,  accompanying  luminosity  enhancement. 

2) Explain  scaling of luminosity  enhancement  in  flat 
beams vs. round - 

3) Establish  equilibrium profiles €or use  in  different- 
ial   luminosity  and  beamstrahlung  calculations.  

4) Better  understanding  and  possible  control of kink 
instabi l i ty ,   emit tance  growth  (angle   dis t r ibut ion)  
during  collision. 
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Luminosity  Enhance,ment 

Taking  ra t ios  of the  luminosity  integral,  we  have 

for D >> 1 (kpo, > l), A > 0.5. Note  the  dependence  is 
only  on 

The condition  kpp*=l is a matched beam; the  focusing 
balances  the  th,ermal  forces  due to the emittance. 

This  result  ComuDares verv  well  with the  simulation 
findinys - bets compare  the  asymptotic  scaling: 

D HD(D,A) - 0.8 [ ~2 ]1’6 

for k&3*>l. 

Emittance  growth  process  should  be  examined  with 
ABEL.  Simplified  computational  model  verifies 
r e su l t   qua l i t a t ive ly .  

Emittance  growth is limited if kaB* < 1, 
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degrees 
Fig.11 The d i s k  of electrons in magnetic field of detector in yr 3 ee process; N - particles  per 10 degrees of polar angle. 
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TeV 

TeV 
Fig. 1 
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(T/E/A) 

DIFFERENTIAL LUMINOSITY UNDER 
MULTIPHOTON BEAMSTRAHLUNG' 

Pisin Chen 

Stanford Linear Awlemtor Center 
Stanford University, Stanford, Ca 94909 

ABSTRACT 

For the next generation of e+e' linear colliders in  the TeV range, the energy 

loss due to kamdrrhlrrg during  the cullision of the e+e' beams is expected to 

be substantial. Ont amsequence is that the enters€-mass energy between the 

colliding particks can be largely degraded from the designed value. The knowl- 

edge on the differential  luminosity as a function of the center-of-mass energy is 

essential  for partick physics analysis on the interesting  events. On the  other  hand, 

the  beamstrahlung  photon  spectrum provides useful information on the low en- 

ergy  backgrounds  and high energy 7-y luminosity. In this  paper, we derive analytic 

formulas  for the e+e' and y energy spectra under multiple  beamstrahlung pro- 

ass, and the e+e- and y-y differential luminosities. Major characteristics of these 

formulas are discussed. 

Submitted to Physiul Review Dl.  

* Work supported by Department of Energy contract DGAC03-76SF00515. 
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In principle, one oould then express f(y,t') in knns of the  Whittaker function. 

But if one r i s k  to further simplify f(y,t') through the asymptotic  expansion of 

Equation (28), then it is necessary that  the correction term W , , , ~ ( Z )  be retained. 

Ln the n-photon proccss, the leading order n = 1 dominates, which gives p = -1/6 

and Y = 1/3. Ignoring the y-dependence in t ,  we find, empirically, that 

We then have 

where 

5. CENTER-OF-MASS 77 LUMINOSITY 

The 7-y center-of-mass luminosity can be  obtained in the  same way we did in 

Section 3. It unounts to looking for integration of O(y,t) over the e'e- collision 

time. W e  find, for f < 1, 
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FIGURE CAPTIONS 

Figure 1 : Final beamstrahlung photon spectrum calculated by computer simu- 

lation, and by the  analytic formula, Equation (36). Parameters  from 

Palmer's  G-machine, rbere T = 0.43, were used. 

Figure 2: Two dimensional pbt  d the oenterd-mass c+c- luminosity as a 

function of the e+c- hcthnd energies, q , t 2 ,  from  computer sim- 

ulation. 
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Beamstrahlung  Spectra 
in Next Generation Linear Colliders 

T. Barklow, P. Chen, and W. Kozanecki 
Smford  Linear Accelerator Center 

Stanford University, Stanford,  Ca 94309 
and DAPKIA-SPP,  CES-Saclay 
91191 Gif-sur-Yvette  (France) 

Abstract: For t&e nex3 generation of linear colliders, the energy loss due  to 
beamstrah.lung during the collision of  tlie e+e- beams is expected to  substan- 
tially  influence the effective centersf-mass energy distribution of the colliding 
particles,  thereby  &dating a prediction of the c-e' or 77 differential lu- 
minosity 1s a function of the effective center-of-mhss energy. In this  paper, 
we f i s t  derive Im;LiJ%iul formuhe for the electron  and  photon  energy spectra 
under multipk t>umstrahlung processes, and for the e+e' and 77 differential 
luminosities. We then apply  our  formalism to \arious classes of 500 GeV e+e' 
linear  colliders  designs  currently  under  study. 

1 Introduction 

In future Linear Colliden,  contrarily to what happens in storage  rings  such bs LEP. 
the e+e' center-of-mass (c.m.) energy is no longer confined to twice the primary beam 
energy, but instead  gets  spread over a relatively wide distribution, due  to  the onset of 
beamstrahlung 111, the synchrotron  radiation  emitt.ed by one of the colliding bunches in 
the field of the opposing  one. The entrgv so radiated by the beam  particles  spans a range 
that  extends,  depending 00 the accelerator design. from a few per mil to several tens 
of percent of the   mxnid   dec t roa  energy &. Realistic simulation of physics processes 
whose cross-section ot kinematics me energy-dependent  (such a the  top threshold  scan). 
therefore mandates am accurate description of the differential luminosity as a  function of 
the effective c-m. emerg.. h additicm, the lo\\- energy end of the e+- and -y spectra  are 
also important to rrmderstaad the +cations of accelerator-induced  backgrounds  and of 
high  energy pbotom-photon scattering processes. 

When tbe average number OE k s t r a h l u n g  photons radiated  per  beam  particle is 
much less than mi ty ,  the energy spectrum for the final ci or c- beam is simply the well- 
known Sokolov-Ternov spectrum [2] br the radiated photons, with the fractional photon 
energy, y ( s  €-,/EO), Feplwed by the corresponding final electron (or  positron) energy. 
z = 1 - y. When condirtioms are such that the average number of photons  radiated is 
not much l e s s  than mity? tbe effect of successive radiation processes becomes important. 
Previously, tbe lrnilvltipbdon beamstrahlung process has been studied by Blankenbcclcr 
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Table 2: Effect of b 

Design Class 

Beamstrahlung  parameter T 
Mean e- energy loss (%) 
e- energy  spread (%) 
Number of radiated y's/e' 
Mean photon energy (%) 
Photon energy spread (%) 

mstrahlung alone on e- and 7 energ?. spectra 
1 

TESLA D-D ?3-R Palm€.;. Tdme; 
5 4 3 2 

6 F wide bd nrrw  bd 
-010 . O l Z  .075 .111 .440 

nrrw bd 

0.9 " 1.1 6.1 5.2 17 
0.4 0.5 4.3 2.3  17 

1.5 
0.6 0.9 3.7 4.9 11 
.76 .60 1.2 .46 

13 0.8 1.2 4.7 6.3 

3 10-5 
L 

12-91 7063A1 

Figure 1: e+e- luminosity  spectrum as a  function of the fractional  electron  energy (e- r )  
and  the  fracticnal positron energy (e+ x ) ,  for the strong  beamstrahlung  X-band design 
(design 1). L k a c  energy spread is neglected. The  total luminosity is 10 fb-'. The bin 
size is .02 x .02. 
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n c .- n 

J 

12-91 
U 7063A2 

Figure 2: 77 luminosity  spectrum as a function of the fractional  photon energies yl and 
y2, with a minimum 77 center+f-mass energy of 10 GeV. The figure corresponds to 
accelerator Design 1. Only the luminosity due  to  the collisions of beamstrahlung  photons 
is shown. Luminosity from the collisions  of two virtual (Weizsicker-Williams) photons  or 
of beamstrahlung photons with virtual  photons  is  not  included. The total e+e- luminosity 
is 10 fb-'. The bin size is .02 x .02. 

parameter,  the larger the mean electron  energy loss. In addition, because  each  electron 
radiates,  on the average, several photons, the photon  energy  is  typically  smaller than  the 
electron  energy loss. Fig. 1 displays, for the design with the highest  beamstrahlung flux, 
the  distribution of electron energies (normalized to the nominal  beam energy EO), v s  the 
corresponding  positron energy.  For most  events, only either  the  electron, or the positron, 
actually  radiates a significant amount of energy, as evidenced  by the edge bands. Fig. 2 
contains the corresponding plot for the photon energies. 

Let us now turn  to  the  actual luminosity spectra for e+e- collisions. We display 
separately the dependence of beamstrahlung on the  linear collider design (Fig. 3), and 
the relative  importance, for two extreme cases of strong  and quasi-classical beamstrahlung, 
of the  three electron  energv loss mechanisms (Fig. 4). Some of the salient  features of the 
effective e+e- energy distributions  are  summarized  in  Table 3: the average c.m. energy 
loss, the effective c.m. energy  spread,  and the fraction of the luminosity  produced  within 
a given energy  interval of the nominal c.m. energy. For this  last variable, we consider 
both a very  narrow  energy window (0.5 GeV),  comparable to  the r.m.s intrinsic Linac 
energy spread,  and a relatively wide one (2.5 GeV), comparable to  the  total width of the 
top  threshold  excitation curve. The effects of beamstrahlung,  Linac energy spread  and 
initial state radiation are again first evaluated  separately,  and then combined. 
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Early experiments h tronsportotlon 
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Proposal for a 

STUDY OF QED AT CRITICAL FmLD STRENGTH 

IN INTENSE LASER-HIGH ENERGY ELECTRON COLLISIONS 

AT THE STANFORD LINEAR ACCELERATOR 

October 20,1991 

P. Char rsd J. E. Spencer 
Stanford Linear Accelerator Cenkr, Sfubrd Un;vuu'ty, Stmbrd, CA U S 9  
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EXPERIMENTS 

3 - MULTIPHOTON BREIT-WHEELER EFFECT 

4, MEASURE MASS-SPECTRUM OF' e+e- 

5 -  HIGH BRIGHTNESS POSITRON SOURCE 
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Log of beam spectra 
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Summary of FFIR Detector 
Working  Group Discussions 

Henry Band 
The goal of the detector working group was to identify and  quantify back- 

grounds which would impact  the design or operation of a detector at a 500 - 1000 
GeV e+e- collider. Some backgrounds,  beam  halo and muons produced by beam 
lost.on collimators, are already significant at  the lower energy SLC collider. Other, 
potentially  more  troublesome  backgrounds such as low energy eSe- from  beam- 
strahlung  photons  and minijet  hadronic  events  from 77 collisions will only  become 
important  at  the higher energy and  luminosity/bunch of the new collider designs. 

A talk  on  the background  experience of SLC/SLD by Stan  Hertzbach formed 
a valuable  introduction to  the workshop activities. Over eighteen  people  partici- 
pated in the ensuing  subgroup discussions. Two  joint sessions were held with the 
Beam-Beam  group and one  joint session was held  with the Hardware  subgroup, 
emphasizing the interdependence of the  detector  and  accelerator design. The  talks 
were summarized in a thorough and comprehensive review by  Toshiaki  Tauchi  on 
the final day. The  introductory  and review talks  are included  in  these  proceedings. 

A personal  summary of the sessions follow. 
The  potentially  dominant backgrounds  arise  from the numerous e+e- produced 

from the beamstrahlung  photons.  Strong solenoidal fields are required to contain 
these  electrons  as close to  the  beam line as possible. Unavoidably,  many  electrons 
impact  on  downstream  masks  and  quadrupoles  producing  backscattered 7’s. Thick 
conical masks  around  the  beam line are needed to shield the central  drift  chamber 
from  these back scattered 7’s. Suppressions of can be achieved with 5 cm 
of tungsten.  Studies  to  date suggest that careful  masking designs can  control the 
backscattered 7’s. 

Although the majority of the e+e- are  produced at very low energy, the PT 
spectrum has a tail  extending  out  to PT of 100-500 MeV/c.  Even in a solenoidal 
field of 2 Tesla hundreds of electrons will spiral  out to radii of 2-4 cm.  Pixel ver- 
tex  detectors will be necessary to obtain  the required noise immunity.  Subgroup 
discussions on the  appropriate inner  radius of the vertex detector yielded no con- 
sensus.  Although the smallest possible radii (M 1 cm)  are  desirable to obtain  the 
best  impact  parameter  and B tagging efficiency, examples  from LEP  and design 
studies show that Vertex chambers  with  inner  radii of 6 - 8 cm  still  have excellent 
physics capability.  Further study will be required to chose between the options. 

Significant differences in the  rate and  hardness of the electron spectrum were 
seen  between the various collider designs studied.  Further  optimization of the de- 
sign parameters may decrease the expected e+e- production  and  ease the detector 
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background  constraints. 
The  other new background associated  with high energy, high luminosity collid- 

ers are 77 + minijets. The high energy behavior of this cross section is the object 
of considerable  theoretical  debate. For  Ebeam = 250 GeV,  most models predict 
< 1 visible minijet hadronic event per  bunch crossing. Tracks from  minijets can be 
suppressed if timing  information  can separate  the  bunch crossings within a bunch 
train.  One nanosecond track  timing resolutions have been achieved in existing 
central  drift  trackers.  These trackers or other specialized timing devices should aid 
in the rejection of tracks  from  minijets  and  are  probably necessary at  the higher 
energy colliders. 

Of the remaining backgrounds studied,  muons  produced  by collimated beam 
particles will be  the most difficult to control. The muon  production  mechanisms  are 
well studied. Tracking of the muons  through the accelerator housing and beamline 
requires detailed  Monte  Carlo  simulation.  Even  with  muon spoiling toroids,  studies 
for the NLC predict that less than 0.1% of the  beam  can  be collimated within the 
last 500 meters  from the detector if the muon flux in the detector is to be kept 
below 2-3 muons  per pulse. Designs with  larger bends between the collimation 
region and  the  detector  are needed and require  study. 
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Summary of FFIR Hardware 
Working  Group Discussions 

Bill Ash 
The task of the  Hardware Working Group was to review the technical  solutions 

for focusing and monitoring the beams at  the interaction  point, while keeping in 
mind the existence of the detector  components  and  backgrounds. 

The 26 participants,  listed on the previous page,  met for  seven sessions during 
the week. The process began in all cases with  prepared  talks,  nineteen  in all. The 
topics  are  listed on the following page. Much of the progress, however, was in  the 
questions and discussion between talks  and  outside  the sessions. 

All this was very well summarized  by  Maury  Tigner,  addressing issues related 
to  the magnets,  supports  and the  detector,  and by Bob  Shafer, covering the final 
focus instrumentation.  Their  transparencies  are included here. At risk of missing 
their  insights I offer the following prdcis. 

What might have seemed to  be  the hardest  problem - miniature  quadrupoles 
for the final focus beams - may  in fact have three solutions. A coil-driven, iron- 
alloy quadrupole  and a permanent-magnet  quadrupole have both been built  and 
measured, while a conceptual design for a superconducting  quadrupole  based  on 
four single-rod conductors looks feasible. 

The group made significant progress in developing a  conceptual scheme for 
mounting  these  magnets,  a process helped by a joint  meeting  with the  detector 
group. A support  tube of roughly one-meter  diameter  spanning the detector con- 
tains the masking,  vertex detector,  and  an internally  supported  set of final focus 
quadrupoles.  This ‘inner tube’  must also contain  built-in,  straight-across  ports for 
alignment schemes such as wires and lasers. A freewheeling discussion of seis- 
mic isolation confronted the issue of passive versus active supports;  more work is 
needed. 

The instrumentation  section mainly covered monitors for beam profile and 
beam position. Novel profile monitor techniques based on laser Compton  scatter- 
ing, gas ionization, and  bremsstrahlung have been tested  in part  and  are scheduled 
for direct  measurements in the Final Focus Test Beam  within  a year or so. An R 
& D effort using ‘liquid wires’ may have application in other  areas of the  machine 
as well. 

A stripline position monitor for the  FFTB may be workable for a next gener- 
ation collider, but  there  are questions on resolving individual  bunches. Microwave 
cavity  position  monitors and  button-electrode devices should be revisited. 
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I 

The compatibility of this  instrumentation  with a detector-friendly support sys- 
tem is an  open question and some  thinking of retractable devices and  the like has 
begun . 

And finally, almost literally, are  the beam  dumps  and  primary collimators. The 
new frontiers of power density  are  pushing  practical  limits of materials. 

In all,  this  group  had a productive week and has  set the  stage for further 
collaboration. 
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Fig. 2: 6 .  Controlled drop formation of a 10 V r n  jet 
travelling at 40 m/s at different frequen- 
cies  of the  mechanical  vibrations. 
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Summary of Optics 
Working Group Discussions 

Katsunobu Oide 

The optics  subgroup was so organized to discuss all issues upstream of IP.  These 
were design of optics,  tolerance,  tuning  methods, beam diagnostics,  collimators, 
and  ground motion. 

The basic design of the focusing optics  has  been  more or less established  in for 
years in all  laboratories,  but  extensions  and new ideas are  still proposed. There 
were several presentations  on  the design of final focus optics: A: Sery on VLEPP 
final focus system  with/without the travelling focus and also the SLC upgrade, 
0. Napoly on a semianalytic  method for the calculation of luminosity, K. Oide  on 
a wideband  optics  with  “odd dispersion’’ scheme, R.  Brinkmann  on  crab crossing 
and  achromatic collision with dispersion at IP, and S. Rajagopalan  on the plasma 
focus. On the design of the  optics, more weight of the discussion was put on the 
tolerance  problem. G. Roy talked on a detailed  analysis of the tolerance  and  tuning 
of the FFTB optics. On the tolerance  problem no comparison has been made for 
different designs with the same  beam parameters  and  restrictions on the final lenses. 
The optics  subgroup decided to do this  comparison at the LC92 workshop using 
the following parameters: 

Ez ,Y = 5 x 10-6,5 x 10-*m, pZty = lO,O.lmm, Bo = 1.4T, e* = 1.5m, 
a1 = 2.5mm, a2 = f i a 1 ,  D 2 30cm, brms = 0.33%, c ; , ~  < 1.15,/=, 

The  tuning of the  future final focus is possible by applying the  tuning  methods 
and  beam diagnostics done at SLC. Several ideas and experiences were introduced: 
V. Ziemann on  a  fast  algorithm of sextupole  alignment,  P.  Raimondi on the final 
triplet alignment, P. Emma on the matching of different sections, N. Walker on 
the  tuning of final  focus  optics.  These experiences tell that  the  beam diagnostic 
systems  and also the beam-based alignment schemes basically work as expected 
and no essential  difficulty was found on applying them on future machines. 

A “complete” design of a collimation section with “big bend” was presented 
by J. Irwin  and  R. Helm, including wakefields, non-linear  collimators,  heating, and 
particle reflections. R. Warnock also gave a new method  to  calculate a wakefield 
of a smooth  and  non-periodic structure like a collimator. 

N. Yamamoto  introduced some results on the ground  motion. 
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A Complete ULC Collimation System 

A h l n ,  0. Moh, L Ueramlnga, and R Nelwn 
$LAC 

Abrtrrct 

Wo drcrrpv 8 collimation  system that would be ropropriate for 8 
~ l i r w ~ W t t h ~ G e Y b e m o n e r g y , r w r t i c a l b e a m  

(r x .I UZ lbll meter-radians. We have taken into account 
final f o a s  sys$un aperture  requirements,  transmission  and  edge- 
scattering w r t i e s  of  scrapers,  wakefields, beam position 7 r Z  
tolerances 1 &id dements, an allowance for one sigma of 
ino~mirrg w mr, an ability to Collimate 1% of a 101 1 
pattide kraa. We firrt outline a  system, $thout regard to kngth, 
out meets~~#cria&own-to us, and @gn combine functional 
w&s dxwe passiblev to reduce system w. Irr Ihe collimation of 
+s h n d  b3.s -1 doubleT.phase we haxporate 8 nonlinear 
cdh&icm awdwnism described h 8 pniars w r . 1  

d l e13  meter-radians and 8 hoflrontal beam 

1. Introductlon 

Ouc primary  purpose in this work is to provide n oxistence  proof  for 
M NLC oolimation system tha t  accomplishes all we now know to be 
W r c d  d a collimation  system. We will I) identify all necessary 
b c t i d  wits, ii) specify their parameten. iii) justify our 
choices for  panmeters with reference to collimation requirements 
or system tderulcts, iv) identify relationships which exist between 
kmctionl units, v) identify .II relevant physics for each unit, and vi) 
present lattice subsystems Uta1 nJiz. our choice of design 
parameters. 

k a s e m  -vo we will @ass optimization with w a r d  
(0 total length. the kngth a n  degrade system  tolerances 
and increase cpwaed M m A t y .  On Ihe other hand, a shorter 
system has kss cierrrents to maintain and align.  The total length of 
a straightforward d e s i g n ,  nearly 1.8 h, greatly  motivates the 
search for m e r  8hematives. 
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3039 kG/m 
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TABLE 1: lrDw oulu AUEUU'TIONS AND CLOBAL CORREcroRS 
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I 

ELECTRON 'OEFLECTIm 

100 4 

Figure 4: A typical output fyom tbt s-n d e  In €he upper left  the 
input  data are  echoed. In the u p p  right tbc h t r a h h m g  fluxes an shown 
in arbitrary units.  The solid m e  is tbc ffpx from tbe raddimg positroru 
on the north  detector. In the lowex kit depicts the path OQ dnkh the scan 
was taken  and  the lower  right shows the dcctron deflectioe H a  the solid 
curve shows the horizontal  d&ectioep and the dashed m e  the  vertical. 
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