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1. CEPC PDR Lattice Layout
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2. CEPC PDR ARC Length Consideration and
Redesign
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CEPC PDR ARC Length Consideration

The circumference should be also considered of SPPC

requirement...

1. ARC+Straight (>=53 Km)
2. ARC+Straight+PDR
3. ARC+Straight+PDR+FFS
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SPPC Layout (Su Feng Jan. 10, 2016)
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Theory:
—
E0 = 70 - 100 Te
35 TeV
938.27 MeV
B=1
EO
Bo=— =3.1267 By =116635.29Tm
C
BO =20 T)
Bo 116635.29 5831 7645
Lpipole = 2 710 = 36 642.05m

ARC filling factor f1 .

Lpipole 36 642.05
Lagc = = = 45802.56m
£1 0.8

Lss3pp = Lss7pp = 973.83 m

Lss2 =Lss4 =1Lss6=Lss8=788.31m
L1 =50903.46
Lssl =Lss5=3.3km
CO0=57503.46m

In Practice:

SPPC

FCC-hh

6.3137m Im

C ARC Length According to SPPC

ARC CELL
0.5m im  14.8m
05m  2.184m  143m  1.36m
Betax: 244.878/42.57 (€. =4.1um)

@ 582.156 4.9899E-3

Pre-CDR:

L=15m B=20T

Quadrupole:
D=45mm
G=711.1T/m

Dipole:

Booe=16 T

Ly =14.8m

B max G max
[T/m]

K1=6.097*10*-3

Betay: 42.569/244.869
€n
E=—

E (Collision: 35TeV) Y

(Injection: 2.1TeV)

e (Collision: 1.099*10*-10m=0.1099nm)
( Injection: 1.83*10*-9m=1.83nm)

o (Collision: 1.66*10*-4m=166um)
( Injection: 6.76*10"-4m=676um)

R=20*0[DJF1 3.52mm

D=27.04

14.8%8
FopDoO : £f1 = —— =

144.

14.8 %
ARC : f1 =

4
838 +14.8%x8%2

(38
37389.85
0.7809
L1l = 52 981.42
CO = 59581.42

Lare =

=\Q. 7809

+2+2)%144.4

= 47880.46
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Electrostatic Separator in LEP Defocusing Quadrupole

| Separator length | .

| Inner diameter of separator tank | > L Crd

| Electrode length | ey | e P \Y 4

| Electrode width | L=4.5m 2 \, Lo \: = PL?

| Nominal gap | ) S | =Y” N |

| Maximum operating field strength | Lelectrode=4.0m 4ik" ¥ r"ﬁ

| Maximum operating voltage | & |

| Max. deflection per separator at 55 GeV | Efiela=2MV/m

| Conditioning voltage on the test bench + | P22 PYBEREER RS LAY 20 (A GO MR 1 o O TG WS )

I Conditioning voltage after installation + 160 kv | E=55GeV o [t cu l[]]l Ly

Maximum voltage for vernier adjustment + 35 kv - e ———— :PC Partial Double Ring Lattice(ARC1.2.1-nodis

| Ranke of vernier adjustnent at 55 Gev 76 wm |  Angle=14Surad e g ovo Mo i1 i b sosa

| Horizontal good field region (1% limit) + BO mm | T TB B D % % % ' x y

| Maximum tilt per electrode + S mrad | S o] plE 0.035

| Pumping speed of sputter lon pumps 800 1/s | E=120GeV 120: i 0015 £ 0000

| Pumping speed of sublimation pumps 1300 1/s | 100 -0020 0.025

| Nominal vacuum pressure in the low-beta | Angle=66urad a1 092> 0.020

| insertions 2.7-107° Pa| 4.1 B 0.015

| Number of separators per collision point 4 | 101 0040 0.010

| Total number of separators 32 | 20. -0.045 :

| Total number of high voltage circuits 32 | 00T T T W 5060 7o 80, 0% 0'0:‘5)

| | s(m) C00 10 20, 30, 40. s0. 60. 70. 8o
8/ poc = 0.00000 ()

Table name = TWISS.

Design Progress of QDO in partial double ring Dl A 0
ual Aperture

<+ Compact high gradient QD0 quadrupole magnets are needed in
interaction region of the CEPC partial double ring.

Name Magnetic length (m) Field gradient (T/m) | Coil inner radius (mm)

QDO 13 200 125

solenoid

£

TP Lumital

compensating
solenoid

QF1

Yingshun Zhu, May 4, CEPC AT meeting screening solenoid




Emittance Increase (2.06nm->2.1668nm)
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According to CEPC Pre-CDR Magnet Parameter

Quantity 1984

Quantity 2304
Maximum field strength(T) 0.07 Bore diameter (mm) 100
Magnetic gap (mm) 80 Field Gradient (T/m) 10
Bending angle (mrad) 3.17 Magnetic Length (m) 2.0
Magnetic Length (m) 18 Core width and height (mm) 700*700
Bending radius (m) 6094 Core length (mm) 1960
Good field region (mm) 100
Core cross section (W*H) (mm) 450*400

SERE Aperture diameter (mm) 120 120

Field Gradient (T/m) 304 309 ; )
Good field region (mm) 100 100
Magnetic Length (m) 1.25 0.72
o Strength of sextupole field 180 180
Peak field in coil (T) 7.2 7.1 (T/mA2)
Coil inner diameter (mm) 40 40 Magnetic Length (m) 700 400
Coil out di t 74 74
oil out diameter (mm) Core width and height (mm) 520 520
Cryostat diameter (mm) 400 400
Length of iron core (mm) 670 370

Coil mechanical length (mm) 1500 950
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Angle(mrad) | L(m) Brho(EO/ | B(T) Ek(KeV) | KeV/m
c)(T/m)

BSeplL
BMatchllL
BMatch2L
BMatch3L
B2

B3
BMatch3R
BMatch2R
BMatch1R
BSepR

3.205
-0.0625
-8.344
1.997
-7.653
2.1428
-2.1428
7.653
-1.997
8.344
0.0625

19.6
4.5

19.6
19.6
19.6
19.6
19.6
19.6
19.6
19.6
4.5

6115.44
-72000
-2348.99
9814.72
-2561.09
9146.91
-9146.91
2561.09
-9814.72
2348.99
72000

400
400
400
400
400
400
400
400
400
400

0.06541
-0.00556
-0.1702
0.0407
-0.1562
0.04373
-0.04373
0.1562
-0.0407
0.1702
0.00556

626.349
53.2

1630.66
390.271
1495.61
418.764
418.764
1495.61
390.271
1630.66
53.2

31.956

11.822

83.1967
19.9118
76.3069
21.3655
21.3655
76.3069
19.9118
83.1967
11.822

17



3. CEPC PDR DA Study
( NSGAII & DA Optimization)
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'npop': 500,
'ngen': 100,
'nobj': 30,
'nvar': 12,

200CPU
T1=40min
T2=70h

Variable

Objective

"NSGA-1I & DA Optimization

SF1.K2
SF2.K2
SF3.K2
SF4.K2
SF5.K2
SF6.K2

SD1.K2
SD2.K2
SD3.K2
SD4.K2
SD5.K2
SD6.K2

cepc_ndr_0099.txt

plovar+0]
plonvar+l]
plovar+i]
plovar+3]
plnovar+4]
plnvar+s]
plovart+e]
plovar+7]

plonvar+i]

plnovar+2] = abs({nsls2

plovar+lo]
plovar+ll]
plovar+l2)
plovar+l3]
plovar+la]
plnvar+ls]
plovar+la]
plovar+l7]
plovar+ls]
plovar+ls)
plovar+20]
plovar+z2l]
plovar+22]
plovar+23]
plovar+24]
plovar+2s]
plovar+2e]
plovar+27]
plovar+2g]
plovar+22]

abz(n=ls=s2
abks (n=l=s2
ab=s (nsls=s2
ab=(n=sls2
abz(n=ls=s2
abks (n=l=s2
ab=s (nsls=s2
ab=(n=sls2

abks (n=ls2

ab=(n=sls2
abz(n=ls=s2
abks (n=ls2
ab=s(n=sls2
ab=(n=sls2
abz(n=ls=s2
abks (n=ls2
ab=s(n=sls2
ab=(n=sls2
abks (n=l=s2
ab=s (nsls=s2
abs (n=sl=s2
abz(n=ls=s2
abks (n=l=s2
ab=s (nsls=s2
ab=(n=sls2
abz(n=ls=s2
abks (n=l=s2
ab=s (nsls=s2

= abs({nslszZ

ring.hl[

ring.hI1["
.ring.hi["
ring . hI1[”
ring.hi["
ring.hI1["
.ring.hi["

ring.hi["

.ring.h2["
ring.hZ2["

ring.h2["

ring.h2["

.ring.h2["

ring.hZ2["h]

ring.h2["

ring.h2["

.ring.h2["

ring.hZ2["!

ring.h2["

.ring.h2["

ring.hZ2[

ring.h2["!

ring.h2[
.ring.h2[

1

ring.hZ2["
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ring.h2["!
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Nonlinear Driving Term (ARC)

0
N Dynamic aperture for x vs. delta 0
‘ -1
-2 |

Dynamlc aperture for dp/p 0. 00

WH
'\ " ‘m

25

logyy \v':AJ'," - AJ-“;'
[mm]

-10

2003 -0.02 -0.01 0.00 0.01 0.02 0.03

L XII:MI ? ® N
Betx: 80.992367 :
bety: 14.172123 X: 60 Sigma 2 groups

Inm Y: 813 Sigma
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Nonlinear Driving Term (ARC)

x [mm]

Betx: 80.992367
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Nonlinear Driving Term (ARC)

In [7]:  cepe.ring. gethl ()
cepc. ring. hl

Outl7]: {"h00111" : (4.906054441305847+03j), "h11001" : (4.883077561376199+03)

In [8]: cepe.ring. geth?()
cepc. ring. h2

Out[81: {"h00112": (-6713.2390326540426-2. 4327666617307564e-123),
"h00220" : (-6.7117007239114013e-06+2. 4007420051930239e-083),
"h11002" : (-5459.1975174445843+3. 0300657816173526e-12]),
"h11110": (7.6489916699494385e-06+4. 3427621676528361e-073),
"h22000" : (-8.6121626494394287e—-06-9. 276845953083868e-113)

0. 000=2+00 8.099e+01 —1. 141le—14 0. 000=+00 2.912e-08 —-6. 628=2—18 1.417e+01 —1. 144e-15 0. 000=+00 —0. 000e+00 —0. 000e+00
2. 482e+04 2.099e+01 —1.19%9e—14 2.861e+02 2.912e-08 3.373e-17 1.417e+01 1.018e—-13 2Z.862e+02 —0.000e+00 0. 000e+00

Tune: nux = 286. 080, nuv = 286. 220
uncorrected chromaticitv: chx0 = -3.643e+02, chv0 = -—3.645e+02
corrected chromaticity: chx = 3. 444e-01, chy = 4, 578=—01

=% First order driving terms *=
h11001 3. 791759=+00 +0. 000000e+003
h00111 3. 466382e+00 +0. 000000e+003

=+ Second order driving terms *=
4. 2T71577=+00 —1. T84912e—-117]

h00112 =

h11110 = —2. 187326e—04 —2. T42092e-07]
h00220 = 2. 154167=—04 —3. 058040e—08]
h11002 = 9. 935156e+01 —3. 127386e—10]
hZ22000 = 3. D93634e—04 +2. 928573e—10]



Nonlinear Driving Term (ARC_PDR_20160630)

Dynamic aperture for dp/p = 0.00

Dynamic aperture for x vs. delta
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5. CEPC Double Ring Scheme




CEPC Double Ring Scheme Layout
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6. Summary
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Summary

The first version of CEPC Partial Double Ring Lattice was designed (Version 1.0).
The whole length of CEPC PDR is 3781.27m, full crossing angle is 30mrad,
maximum distance between two ring is 14.913m.

The Dynamic Aperture need to be optimized. Now the DA of CEPC with PDR and
Bypass(at IP2/4) and without FFS is better than before, but the DA with FFS is not
good enough.

We may divide the sextupoles into more families to optimize the DA.

The linear lattice of PDR may also be optimized.
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In Practice:

Theory:
—

[E0 = 70 - 100 Te

35 TeV

938.27 MeV

B=1

EO
Bp=— =3.1267 By =116635.29Tm

o]

BO:

Bo 116635.29

B,

Lpipole = 2 70 = 36 642.05m

ARC filling factor f1 .
36642.05
Larc = =

f1l 0.8
Lss3pp = Lss7pp = 973.83 m
Lss2 =Lss4 =1Lss6=Lss8=788.31m
L1 =50903.46
Lssl =Lss5=3.3km
CO0=57503.46m

= 5831.7645

LDlpole

= 45802.56m

ARC CELL

SPPC 0.5m Im 14.8m
FCC-hh  6.3137m Im 0.5m 2.184m 14.3m 1.36m

Betax: 244.878/42.57

B max G max Betay: 42.569/244.869 (¢, =4.1um)
[T/m] o &
E (Collision: 35TeV) €E=—

@ 582156 4.9899E-3 (Injection: 2.1TeV) Y

e (Collision: 1.099*10*-10m=0.1099nm)
Pre-CDR: ( Injection: 1.83*10*-9m=1.83nm>
Dipole:  L=15m B=20T o (Collision: 1.66*10A-4m=166um)
s!uadrupole: ( Injection: 6.76*10""4m=676um)

D=45mm  B,,=16 T
G=7T111T/m  K1=6.097*104-3

R=20*0[DJF1 3.52mm

D=27.04

Ly =14.8m

14.8%8
FopDoO : £f1 = —— =

144.4

14. 8%8%38+14.8%8%2
ARC : f1 = =\Q.7809

(38+2+2) x144.4

37389.85
Lppc = ——— = 47 880.46
0.7809

L1 =52981.42

CO =59581.42
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Table 1: SPPC Parameter List.

Version 201503

SPPC(Pre-CDR) SPPC-54.7Km  SPPC-100Km SPPC-100Km SPPC-78Km
Main parameters and geometrical aspects
Beam energy[ Fp]/TeV 35.6 35.0 50.0 68.0 50.0
Circumference[Cg]/km 54.7 54.7 100.0 100.0 78.0
Dipole field[B]/T 20 19.69 14.73 20.03 19.49
Dipole curvature radius[p]/m 5928 5922.6 113159 11315.9 8549.8
Bunch filling factor| f2] 0.8 0.8 0.8 0.8 0.8
Arc filling factor[ f1 ] 0.79 0.79 0.79 0.79 0.79
Total dipole length [L p;p01e1/m 37246 37213 71100 71100 53720
Arc length[L o rco]/m 47146 47105 90000 90000 68000
Straight section length[ L ss]/m 7554 7595 10000 10000 10000
Physics performance and beam parameters
Peak luminosity per IP[L)/ em =251 1.1 x 10%° 1.2 x 103° 1.52 x 10%° 1.02 x 1036 1.52 x 103°
Beta function at collision[3* ]/m 0.75 0.85 0.97 0.24 1.06
Max beam-beam tune shift per IP[£y] 0.006 0.0065 0.0067 0.008 0.0073
Number of IPs contribut to AQ 2 2 2 2 2
Max total beam-beam tune shift 0.012 0.013 0.0134 0.016 0.0146
Circulating beam current[ I}, ]/A 1.0 1.024 1.024 1.024 1.024
Bunch separation[ At]/ns 25 25 25 25 25
Number of bunches|[n] 5835 5835 10667 10667 8320
Bunch population[ Np] (10'1) 2.0 2.0 2.0 2.0 2.0
Normalized RMS transverse emittance[s]/pm 4.10 3.72 3.65 3.05 3.36
RMS IP spot size[a™* |/um 9.0 8.85 7.85 3.04 7.86
Beta at the 1st parasitic encounter[31]/m 19.5 18.70 16.51 64.1 15.36
RMS spot size at the 1st parasitic encounter[o1 )/um 459 43.2 33.6 51.9 31.14
RMS bunch length[o, J/mm 75.5 56.5 65 15.8 70.6
Full crossing angle[6.]/urad 146 138 108 166 99
Reduction factor according to cross angle[ Fr.q | 0.8514 0.9257 0.9248 0.9283 0.9248
Reduction factor according to hour glass effect[ F}, ] 0.9975 0.9989 0.9989 0.9989 0.9989
Energy loss per turn[Up/MeV 2.10 1.97 4.30 14.7 5.69
Critical photon energy[ I/ ]/keV 2.73 2.60 3.97 9.96 5.25
SR power per ring[ Po /MW 2.1 2.0 4.4 15.1 5.82
Transverse damping time [7.]/h 1.71 1.80 2.15 0.86 1.27
Longitudinal damping time [7.]/h 0.85 0.90 1.08 0.43 0.635
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Version 201607

Table 1: SPPC Parameter List.

SPPC(Pre-CDR) SPPC-39.2Km  SPPC-100Km SPPC-100Km SPPC-80Km
Main parameters and geometrical aspects
Beam energy[ Eg|/TeV 35.6 35.0 50.0 65.0 50.0
Circumference[C/km 54.7 59.2 100.0 100.0 80.0
Dipole field[B]/T 20 19.70 15.52 19.83 19.74
Dipole curvature radius[p]/m 5928 5921.5 10924.4 10924 .4 8441.6
Bunch filling factor| f2] 0.8 0.8 0.8 0.8 0.8
Arc filling factor[ f1 ] 0.79 0.78 0.78 0.78 0.78
Total dipole length [L pjpoiel/m 37246 37206 68640 68640 53040
Arc length[ L A pc]/m 47146 47700 88000 88000 68000
Straight section length[Lss]/m 7554 11500 12000 12000 12000
Physics performance and beam parameters
Peak luminosity per IP[L]/ em =251 1.1 x 10%° 1.20 x 102 1.52 x 10%° 1.02 x 10 1.52 x 10%°
Beta function at collision[3*]/m 0.75 0.85 0.99 0.22 1.06
Max beam-beam tune shift per IP[£,] 0.006 0.0065 0.0068 0.0079 0.0073
Number of IPs contribut to AQ 2 2 2 2 2
Max total beam-beam tune shift 0.012 0.0130 0.0136 0.0158 0.0146
Circulating beam current[/; /A 1.0 1.024 1.024 1.024 1.024
Bunch separation[ At]/ns 25 25 25 25 25
Number of bunches[r] 5835 6315 10667 10667 8533
Bunch population[ N, ] (10*1) 2.0 2.0 2.0 2.0 2.0
Normalized RMS transverse emittance[=]/um 4.10 3.72 3.62 3.10 3.35
RMS IP spot size[o* |/um 9.0 8.85 7.86 3.04 7.86
Beta at the st parasitic encounter[31]/m 19.5 18.70 16.36 68.13 15.31
RMS spot size at the 1st parasitic encounter[c1 ]/um 459 43.20 33.31 55.20 31.03
RMS bunch length[o ; ]/mm 75.5 56.60 65.68 14.88 70.89
Full crossing angle[0.)/urad 146 138.23 106.60 176.66 99.28
Reduction factor according to cross angle[ F.q ] 0.8514 0.9257 0.9247 0.9283 0.9241
Reduction factor according to hour glass effect[ F}, ] 0.9975 0.9989 0.9989 0.9989 0.9989
Energy loss per turn[Ug ]/MeV 2.10 1.97 4.45 12.71 5.76
Critical photon energy[ .. ]/keV 2.73 2.60 4.11 9.02 5.32
SR power per ring[ Py /MW 2.1 2.01 4.56 13.01 5.89
Transverse damping time [7,; ]/h 1.71 1.946 2.08 0.946 1.28
Longitudinal damping time [7:]/h 0.85 0.973 1.04 0.473 0.64
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2. SPPC Lattice Layout and Consideration




SPPC Layout

(Su Feng, Jul. 10, 2015)
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SPPC Layout

(Su Feng Jan. 10, 2016)
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3. SPPC Lattice Design:

a.
b.
C.
d.

FODO Cell and ARC
Dispersion Suppressor Section

Long Straight Section
IR
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= “Parameter Estimate for ARC Cell

In Practice:

Theory:
—

[E0 = 70 - 100 Te

35 TeV

938.27 MeV

B=1

EO
Bp=— =3.1267 By =116635.29Tm

o]

BO:

Bo 116635.29

B,

Lpipole = 2 70 = 36 642.05m

ARC filling factor f1 .
36642.05
Larc = =

f1l 0.8
Lss3pp = Lss7pp = 973.83 m
Lss2 =Lss4 =1Lss6=Lss8=788.31m
L1 =50903.46
Lssl =Lss5=3.3km
CO0=57503.46m

= 5831.7645
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= 45802.56m
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FopDoO : £f1 = —— =
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4. SPPC Dynamic Aperture Study




Definition of Dynamic Aperture

1. Real World Dynamic Aperture (RW-DA) Definition = W. Fischer:

Largest Amplitude at which particles remain in the accelerator over a
time range of interest.

2. Potential Dynamic Aperture (PO-DA) = Onset of global Chaos

. Largest Amplitude with mainly regular motion.

. Insignificant chaotic layers within the regular regime will be ignored.
. However considerable wide “chaotic spikes” have to be taken into
account

=> It turns out that the PO-DA is typically too small as RW-DA estimate
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Chaos Criteria

PO-DA Detection = find amplitude with non-zero Lyapunov

1 N
A= lim lim —log AN)
N—oco d(0)—0 [N d(O)

In practice, the Lyapunov exponent is rarely evaluated directly.
Instead, one follows the evolution of the distance in phase space.

Most effectively by using the angular distance that is extremely
sensitive to find even weakly chaotic motion.
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SPPC Main Ring DA without low beta pp IR(1/7)

At first, we studied the dynamic aperture of SPPC main ring without interaction
region. There are 8 arcs in the main ring and 8 long straight sections. Now we use
simple FODO in the long straight section, latter we should optimize the long straight
section design for difference use like RF part, injection, extraction and collimation.

Following is the dynamic aperture from Sixtrack.

We can get from the figures that the dynamic aperture is about 22.58 mm (346 o,)

in horizontal and 49.16 mm (315 o) in vertical.
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4-Dimension phase space for regular and chaotic motion (cm).

(The solid tie shape shows the regular particles motion which has the
largest amplitude, if the amplitude becomes a little larger, the motion will
become chaotic, the diffusion points around the solid tie show the chaotic

motion. This largest amplitude is the dynamic aperture we want to study.)
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SPPC Main Ring DA without low beta pp IR(3/7)

EXAMPLE

EXAMPLE :
§ % : o _ - 4 Particle no. 33, Phese Spece Hor Ver |, Dp/p = 0.0000D+00
0016/10/07 18,21 Zf’i‘“?{é"gg‘s%fl‘;f ngies‘!?gg/er » Op/p = 0.0000D+00 0016/10/07 18.21 Ax = 25.806456, Ay = 56184819
Ox = 104.566000, Qy = 104.836316, 0s = 0.000000 Qx = 104.566000, Oy = 104.836316, 0s = 0.000000
Normalized Distance of Phase Space D as o Function of Turn Number N Normalized Distance of Phase Space D as a Function of Turn Number N
%\0.01 3 = 'g |
a o a I
50.016 > i
0.014 —
i 0.8 !
0012 —
0.01 06
B . ]
0.008 — :
i 0.4 —
0.006 — - .
0.004 -
B 0.2
0.002 i
0o 0 <
= | | I | 11| ‘ 1 1 | 1 | | ‘ 1 1 | ‘ 1 | | | 1| | | | | 1 1 | l | | | | |
0] 1000 2000 3000 4000 5000 60002 0 5000 10000 15000 20000 25000 30000 35000
x 10
N

Evolution of the distance of phase space for regular (left) and chaotic (right) motion.
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SPPC Main Ring DA without low beta pp IR(4/7)

EXAMPLE
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Horizontal phase space projections for regular (left) and chaotic (right) cases.
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SPPC Main Ring DA without low beta pp IR(5/7)

Normalized Slope of Y (MM)
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Vertical phase space projections for regular (left) and chaotic (right) cases.
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PPC Main Ring DA wit

EXAMPLE
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Physical phase space projections for regular (left) and chaotic (right) cases.
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SPPC Main Ring DA without low beta pp IR(7/7)

Horizontal FFT-analysis for the
regular (left) and the chaotic (right)
cases.

Vertical FFT-analysis for the regular
(left) and the chaotic (right) cases.
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Following is the dynamic aperture with low beta pp interaction region.

The beta function at IP is 0.75m. The maximum beta function in this
region is about 9.6 km. The dynamic aperture becomes smaller, 8.22 mm
(126 o,) In horizontal and 19.73 mm (126 o) in vertical (we keep the
same observation point for comparison with the DA without low beta pp
IR). At the low beta pp IR point, the dynamic aperture is only 1.089mm
(126 o) in both horizontal and vertical because the beam size is very small
(8.647um).

Following figures show the details.

e i Ring DA with low beta pp IR(1/5)
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SPPC Main Ring DA with low beta pp IR(2/5

4-Dimension phase space for regular and chaotic motion (cm).
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SPPC Main Ring DA with low beta pp IR(3/5)

EXAMPLE
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Normalized Horizontal Phase Space Projection

Horizontal phase space projections for regular (left) and chaotic (right) cases.
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SPPC Main Ring DA with low beta pp IR(4/5)

EXAMPLE
Porticle no. 35, Phase Space Hor Ver |, Dp/p = 0.0000D+00
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Normalized Vertical Phase Space Projection
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Vertical phase space projections for regular (left) and chaotic (right) cases.
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SPPC Main Ring DA with low beta pp IR(5/5)

EXAMPLE
Porticle no, 35, Phase Spoce Hor Ver |, Dp/p = 0.0000D+00

0016/13/07 00,43 Ax = B.225811,Ay = 19.730539
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Physical Phase Spoce Projection
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Physical phase space projections for regular (left) and chaotic (right) cases.
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5. Summary

€ We optimized the parameter list version201503, we considered
the new lattice layout of CEPC PDR and the combination of
CEPC and SPPC. The beam energy and length of long straight
sections so as the circumference have a little change. We get
the newest parameter list version201607.

€ The first version of SPPC Lattice was designed . Full crossing
angle is 146urad. Beta at IP is 0.75um.

€ A first Dynamic Aperture study and the preliminary DA is
showed and it seems not too small. 126 sigma at IR.

€ The deep beam dynamics study is needed.
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DA Study Strategy and Next Steps(1/3)

1. Nonlinear driving term:

hopege » @tbtctd+e=3, 1t order nonlinear driving term

a+b+c+d+e=4, 2"dorder nonlinear driving term

15t order chromaticity: h11001, h00111

2" order chromaticity: h11002, h00112

Tune with amplitude: h11110, h22000, h00220

Which term is more important and has strong contribute to dynamic aperture
and need more constraints ? (now 0< h11002 and h00112 real part <4000)
2.Population & Generation ?

If each generation has enough population, it will easy to choose the so called
well solution for our objective. And the next generation will keep half population
from the parent generation and produce half new population. This two parts
make up the new generation. Now use 500 population and 100 generation. Is it
larger enough to find good solution? Maybe need larger population and
generation, like 4000 population and 50 generation.
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DA Study Strategy and Next Steps(2/3)

3. Tune footprint, Tune space, Working point choice:
Now the working point is (0.08, 0.22), the second order chromaticity is about
-3300 and -3900, it will quickly to the resonance line. We need to plot FMA
analyses the tune footprint, choose a space to fit in. We should consider
whether the work point is good. Maybe the injection work point can be
another choose for large enough DA, and after injection, we rump the work
point to (0.08, 0.22) for the high luminosity requirement.

4.Energy acceptance:
2% energy acceptance from Touschek lifetime. The dynamic aperture for 2%
energy spread is very small. Is it the limit from FODO structure? The energy

spread for FODO lattice need to be study.
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DA Study Strategy and Next Steps(3/3)

5. Error tolerance:

The error tolerance for the magnets in the lattice needs to be considered. This
will influence the DA obviously. We need a good DA include the error.

6. Thin lens & thick lens:

Now the calculation is treating the elements as thin lens. If the real elements
have real length, it need to integrate the whole length. How will the difference be?
7.90 72 60 degree FODO cell compare and choose:

We need to compare the FODO cell with different phase advance to choose the
better design for DA.

8. How to divided the sextupoles groups?

How many group should the sextupoles to be divided? This needs to try.

9. Converge of sext:

At the end of optimization and calculation, the strength of sextupoles will be
converging to a set of invariable values. This can be an aspect to judge whether
the solution is good enough.
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