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Proposal / rationale
• Adopt uniformly high Dy for all Ecm (~25)

• Include 10-15% (20%!?) gain from coherent vertical waist shift at IP 
(~0.8σz)

• Assume a 30% increase in collimation depth for  Ecm ≤ 250 GeV
– split FD approach
– factor 1.7 reduction in β∗x (over ~1/γ scaling)

• Assume intra-train fast feedback at linac exit will constrain vertical beam 
jitter ≤ 1.5 µm RMS at SP2/SP4
– ~0.2 σy at 250 GeV beam energy

• Keep “effective” IP γεy ~ 35 nm
– average emittance from LET emittance tuning simulations +10%

• Drop TF because
– Difficultly in implementing the crabbed waist
– Very high disruption parameter too challenging (incl. collimator wakes)
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IP and General Parameters TF = Traveling Focus

L Upgrade

Centre-of-mass energy E cm GeV 200 230 250 350 500 500 1000 1000 comment

A1 B1b

Beam energy E beam  GeV 100 115 125 175 250 500 500 500

Lorentz factor  ####### ####### ####### ####### ####### ####### 9,78E+05 9,78E+05

Collision rate f rep Hz 5 5 5 5 5 5 4 4

Electron linac rate f linac Hz 10 10 10 5 5 5 4 4

Number of bunches n b 1312 1312 1312 1312 1312 2625 2450 2450

Electron bunch population N - !10
10 

2,0 2,0 2,0 2,0 2,0 2,0 1,74 1,74

Positron bunch population N + !10
10 

2,0 2,0 2,0 2,0 2,0 2,0 1,74 1,74

Bunch separation  t b ns 554 554 554 554 554 366 366 366

Bunch separation !f RF  t b f RF 720 720 720 720 720 476 476 476

Pulse current I beam mA 5,8 5,8 5,8 5,8 5,79 8,75 7,6 7,6

RMS bunch length  z mm 0,3 0,3 0,3 0,3 0,3 0,3 0,250 0,225

Electron RMS energy spread  p/p % 0,206 0,194 0,190 0,158 0,125 0,125 0,083 0,085 See EDMS D*971945

Positron RMS energy spread  p/p % 0,187 0,163 0,150 0,100 0,070 0,070 0,043 0,047 See EDMS D*971945

Electron polarisation P - % 80 80 80 80 80 80 80 80

Positron polarisation P + % 31 31 30 30 30 30 20 20 Approximate numbers (Wanming Liu)

Horizontal emittance   x  m 10 10 10 10 10 10 10 10 TeV numbers are potentially too optimistic. Check with K.Kubo.

Vertical emittance   y nm 35 35 35 35 35 35 30 30 TeV numbers are potentially too optimistic. Check with K.Kubo.

IP horizontal beta function  x * mm 16,0 14,0 13,0 16,0 11,0 11,0 22,6 11,0

IP vertical beta function (no TF)  y * mm 0,34 0,38 0,41 0,34 0,48 0,48 0,25 0,23

IP RMS horizontal beam size  x * nm 904 789 729 684 474 474 481 335

IP RMS veritcal beam size (no TF)  y * nm 7,8 7,7 7,7 5,9 5,9 5,9 2,8 2,7

Horizontal distruption parameter D x 0,2 0,2 0,3 0,2 0,3 0,3 0,1 0,2

Vertical disruption parameter D y 24,3 24,5 24,5 24,3 24,6 24,6 18,7 25,1

Horizontal enhancement factor H Dx 1,0 1,1 1,1 1,0 1,1 1,1 1,0 1,0

Vertical enhancement factor H Dy 4,5 5,0 5,4 4,5 6,1 6,1 3,5 4,1

Total enhancement factor H D 1,7 1,8 1,8 1,7 2,0 2,0 1,5 1,6

Geometric luminosity L geom !10
34

 cm
-2

s
-1 

0,30 0,34 0,37 0,52 0,75 1,50 1,77 2,64

Luminosity L !10
34

 cm
-2

s
-1

0,50 0,61 0,68 0,88 1,47 2,94 2,71 4,32

Average beamstrahlung parameter  av 0,013 0,017 0,020 0,030 0,062 0,062 0,127 0,203

Maximum beamstrahlung parameter max 0,031 0,041 0,048 0,072 0,146 0,146 0,305 0,483

Average number of photons / particln   0,95 1,08 1,16 1,23 1,72 1,72 1,43 1,97

Average energy loss  E BS % 0,51 0,75 0,93 1,42 3,65 3,65 5,33 10,20

Luminosity L !10
34

 cm
-2

s
-1

0,498 0,607 0,681 0,878 1,50 3,00 3,23 4,31

Coherent waist shift  Wy  m 250 250 250 250 250 250 190 190 ~0.8*  z.

Luminosity (inc. waist shift) L !10
34

 cm
-2

s
-1

0,56 0,67 0,75 1,0 1,8 3,6 3,6 4,9

Fraction of luminosity in top 1% L 0.01 /L 91,3% 88,6% 87,1% 77,4% 58,3% 58,3% 59,2% 44,5%

Average energy loss  E BS 0,65% 0,83% 0,97% 1,9% 4,5% 4,5% 5,6% 10,5%

Number of pairs per bunch crossingN pairs !10
3 

44,7 55,6 62,4 93,6 139,0 139,0 200,5 382,6 !"#"$%&
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Total pair energy per bunch crossingE pairs TeV 25,5 37,5 46,5 115,0 344,1 344,1 1338,0 3441,0

With TF Luminosity L !10
34

 cm
-2

s
-1

0,64 0,73 0,97 1,17 2,05

Fraction of luminosity in top 1% L 0.01 /L 91,6% 89,0% 83,0% 77,9% 60,8%

Average energy loss  E BS 0,61% 0,79% 1,26% 1,78% 4,33%

Number of pairs per bunch crossingN pairs !10
3 

46,9 55,7 81,0 101,1 211,1

Total pair energy per bunch crossingE pairs TeV 29,4 40,0 68,8 136,5 567,7
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Comparison to TF numbers 

lu
m

in
o

s
it
y
 x

1
0

3
4
 c

m
-2

s
-1

 

!"#$

!"%$
!"%$

&"!$

&"'$

!"#$
!"%$

&"!$

&"($

("&$

!"!$

!")$

&"!$

&")$

("!$

(")$

(!!$ (*!$ ()!$ *)!$ )!!$

+,-+-./0$ 1,232456$78$

!"#$
%!#$ %&#$

&&#$

'%#$

!(#$
%!#$

%)#$

&%#$

*"#$

+#$

"+#$

(+#$

)+#$

,+#$

'+#$

*+#$

&+#$

%+#$

!+#$

"++#$

(++$ ()+$ ('+$ )'+$ '++$

-./-/012$ /.343567$89$

Fractional L in top 1% Ecm

N. Walker,   AD/I meeting, 29  February 2012

2012年 3月 9日 金曜日



Issues 

•! Optics solution still needs verification 

–! smaller (in general) ! functions 

–! short (split) FD solutions for low Ecm 

–! Including re-evaluation of collimator 

depth 

•! Luminosity stability (high Dy) 

–! should we include some degradation 

in L for this effect? If so how much? 

•! Fast trajectory correction 

implementation 

–! should be feasible, but clearly needs 

a realistic design concept 

•! location of BPMs, kickers, performance 

analysis etc. 

•! …? 

•! Optics solutions will be looked at by R. 

Tomas starting April. 
–! Solutions probably May/June 

–! Plan for success in the meantime. 

•! Complicated problem which really 

requires “start-to-end” like simulations 

–! including fast feedback correction etc. 

–! legacy simulations exist but for for 

different lattice (RDR), but results were 

very positive 

•! Need to look at lattice and see how 

this might fit 

–! Should not be a real problem 

–! Performance evaluation requires more 

design work 

–! May need adjustment of early BDS lattice 

to accommodate hardware 

N. Walker,   AD/I meeting, 29  February 2012
2012年 3月 9日 金曜日



Issues 

•! Optics solution still needs verification 

–! smaller (in general) ! functions 

–! short (split) FD solutions for low Ecm 

–! Including re-evaluation of collimator 

depth 

•! Luminosity stability (high Dy) 

–! should we include some degradation 

in L for this effect? If so how much? 

•! Fast trajectory correction 

implementation 

–! should be feasible, but clearly needs 

a realistic design concept 

•! location of BPMs, kickers, performance 

analysis etc. 

•! …? 

•! Optics solutions will be looked at by R. 

Tomas starting April. 
–! Solutions probably May/June 

–! Plan for success in the meantime. 

•! Complicated problem which really 

requires “start-to-end” like simulations 

–! including fast feedback correction etc. 

–! legacy simulations exist but for for 

different lattice (RDR), but results were 

very positive 

•! Need to look at lattice and see how 

this might fit 

–! Should not be a real problem 

–! Performance evaluation requires more 

design work 

–! May need adjustment of early BDS lattice 

to accommodate hardware 

N. Walker,   AD/I meeting, 29  February 2012

by SAD and 
MQRAD

2012年 3月 9日 金曜日



A. Seryi
SLAC BAW-2 presentation
19 Jan 2011
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QD0 QF1

βy

βx

γy

γx

IP

m mm

mm
unit in σx,y

y < 35σy

TWISS parameters at 
Ecm=250GeV ( RDR )

Synchrotron radiations  at QDEX1A, 6m from IP

Ecm=250GeV

Synchrotron radiations  at QDEX1A, 6m from IP

Ecm=500GeV

x

y

y

x

Beam Profile  : Gaussian (<3σ) + flat

x < 6σx

split FD
  -28% in x
  -16% in y
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σb_b = Jitterb_b*(1+ A y 2)0.5

Lb_b - ΔLb_b = EXP(-(σb_b 2)/4)

Cdep_y= θymax/σ*’y/safety_factor
A y = 0.0482 γ-1 Cdep_y -1.5 εy -0.75

Emittance growth in y = (0.4*Jittertrain*A y)2

Luminosity degradation due to the collimators

1. Collimation depth, wakefield and emittance growth

2. Bunch-to-bunch jitter effect on the luminosity

Values in RDR ;
θymax  = 1 mrad,  e.g.  no syn.rad hit 20mmφ beam pipe for ±10m around IP
safety_factor = 1.5
Jittertrain = 0.5  (scaled by beam size )  →    0.2   with “FONT” feedback

i.e.  emittance growth to 1/6.25

→  1.37

→  28.6   @Eb=100GeV

→  5.8

→ 0.92

→ 0.59

Jitterb_b = 0.1  (scaled by beam size )

→ 1

→ 0  ( < 0.2 )

TDR
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Collimator Wakefields 
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jitter = !y/2 

140% @ 0.5!y  

Assume 0.2!y @ 250GeV 

! 0.13!y @ 100 GeV  

! ~10% emittance growth 

T. Tauchi 

But does the collimator 

gap change? 

("*
y is changing) 
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waist scan
by 0.6σz

CAIN simulation

wakefield effect
@collimator

t-t jitter
b-b jitter

coll. depth
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