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O %Okt Bix:
— CoM energy: 2-7 GeV
— Luminosity: > 0.5x103> cm2s1 @ 4 GeV

O A7l B XERRITREHE(@ 4GeV):
— Collision scheme: Large Piwinski angle + Crab-waist
- B5:0.6 mmto 1l mm
— Current: ~2 A
— Horizontal emittance: ~5 nm rad
— Touschek lifetime: > 200 s
O FZEPkik:
— Very strong nonlinear effect: small dynamic aperture and momentum acceptance
— High current, low energy, small emittance: strong collective effect (Touschek effect, IBS,
beam-beam, impedance, etc.)
— Interplay of multiple physical processes
— Very short Touschek lifetime: Large beam loss, large background and SC magnets quenching



Parameters Units 2 GeV 1 GeV 1.5 GeV 3.5 GeV
Circumference, C m 860.321
Crossing angle, 20 mrad 60
Hor. /Ver. beta function at IP, Bx/B, mm 60/0.8
Hor./\Ver. betatron tune 30.543/34.58 30.555/34.57
Beam current, | A 2 1.1 1.7 2
Hor. Emittance (SR/DW+IBS) nm 8.79/4.63 2.2/5.42 4.94/3.82 26.9/26.91
Ver. Emittance (SR/DW+IBS) pm 87.9/46.3 330/813 494/382 134.5/134.55
Ratio, &, /¢y % 1 15 10 0.5
Momentum compaction factor, a, 103 1.35 1.26 1.32 1.37
Energy spread (DW+IBS) 104 7.8 6.18 6.93 10.02
Energy loss per turn (SR+DW), Up keV 543 106 267 1494
SR power per beam (SR+DW), P MW 1.086 0.117 0.453 2.988
RF voltage MV 2.5 0.75 1.2 6
Synchrotron tune, v; 0.0194 0.0146 0.0154 0.0228
OrF % 1.68 1.44 1.35 1.88
Bunch length (Nature/0.1Q+IBS) mm 7.21/8.70 6.62/9.79 7.89/8.56 8.26/8.89
Hor./\er. beam-beam parameter, &x/¢y 0.005/0.095 0.005/0.023 0.004/0.033 0.003/0.032
Luminosity cm-2s-" 9.4E+34 6.19E+33 2.09E+34 4 48E+34




e-: Damping Wiggler

19|661pN Buidweq :+9

B 860.321 m
YHEX: 260 = 60 mrad, L* =0.9 m,

By =08 mm, By =60mm
5RX : PSR (60°) FOFNMEINX (30°)
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« Modular design — flexible for optics adjustment and local chromaticity correction
— Final Focus Telescope (FFT), Chromaticity Correction (CCY, CCX), and Crab Sextupoles (CS)
— FFT: small Bfunction (8, =0.8 mm, g; =60 mm) and bunch size at IP (¢,,= 190 nm, g, =17 pm)
— CCY/CCX: sextupole pairs, large £, large dispersion, exact -I map —reduce sextupole strength

— CS: phase advance to IP (u, = 61, u, = 5.5m); By>> Bx —>reduce sextupole strength (k> =16.94 m-3)
— IR Bending angle 60°: weak bending magnet (B0O) closest to IP, to avoid synchrotron radiation at IP
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« Modular design — flexible for optics adjustment and local chromaticity correction
— Final Focus Telescope (FFT), Chromaticity Correction (CCY, CCX), and Crab Sextupoles (CS)
— FFT: small Bfunction (8, =0.8 mm, gy =60 mm) and bunch size at IP (¢,,= 190 nm, g, =17 ym)
— CCY/CCX: sextupole pairs, large £, large dispersion, exact -I map —reduce sextupole strength
— CS: phase advance to IP (u, = 61, u, = 5.5m); By>> Bx —>reduce sextupole strength (k> =16.94 m-3)
— IR Bending angle 60°: weak bending magnet (BO) closest to IP, to avoid synchrotron radiation at IP

cs ccx ccy FFT ccy ccx cs Final Focus Telescope
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- JIXXFEtRE FODO Byt — 90° phase advances, 40 pairs of sextupoles (20 SDs+20 SFs),
exact -1 map

- OEEREEESEEIREN (optional ) | AEEASEETRIEIHERERT

- HimDamping wiggler : X[ triplet cell , JLARFEATDWIKE, beta X/Y - = —
o RYECRFARBTEEEL, KFEDBELN 2 m
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SRS S
 Local chromaticity correction (up to 3" order) - to increase momentum bandwidth
— 1st-order chromaticity: SICCY and S1CCX main sextupole pairs with -I map;

— 2nd-order chromaticity: fine-tuning phase advance of S1ICCY and S1CCX to IP;
— 3rd-order chromaticity: SY3 and SX3 at the 1st and 2nd image points of the IP.

« Optimize Montague function at IP and CS to enhance off-momentum beam dynamics
« Optimize the map between CRAB sextupoles, as linear as possible with § varying

[ aF1 QFsY f \f V I |
P | | I I I TTI1T1
QD2
IR _ptc_bandwidth LI.SCRAB/RI.SCRAB
1800. IR MAD-X 5.09.01 15/11/24 08.12.01 0.300 ; 1.000 12 0.0 LLSCRAB/RI.SCRAB
o201 W Do W, i 3'0 0.275 1 L 0.975 rll 22 o]
H | [ o5 0.250 1 [ 0-950 1.01 1 0.27
1440. A : I ‘\‘q‘ F0.925 0.3
1260. V| L 20 0.225 1 0.900 o ]
- d Ul s 000 - O. 0.8 04 1
1080. \ [ L 1.0 < L 0.875 05 ]
90. 1 - | “\\ | | \ A L 0.5 0.175 - F 0.850 0.6 1 -0.6 -
2ol NN ) | \‘ /;"‘ L 0.0 0.150 1 - 0.825 0.7 ]
L7730 I BN I AN AT I 05 0.125 - 0.800 0.4 1 0.8
260 ‘ A \VAY I F-1.0 0,100 - 0.775 -0.9 1
"] ' F F-1.5 Y L 0.750 02 1 1.0
180, ] L 50 0.075 L 0.725 g
0.0 - T 0 230727 0.050 0.700 0.0 1.2
ES . . A - - T T T T +
00 50 100. 150 200. : -0.020 -0.005 0.010 20020 -0.010 0.0 0.010 0.020 0020 -0.010 0.0 0.010 0020

dp

dp

dp
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MADX/SAD for the lattice design, PAMKIT for global nonlinear optimization

Optimization procedure:
— Variables: sextupole strengths (IR: 6 pairs, arcs: 40 pairs)
— Constraints: first-order chromaticity and key resonance driving terms
— Objectives: dynamic aperture and momentum acceptance
— During optimization, crab sextupoles always on
— On-momentum DA: Hor. > 300,,Ver. >120 g,,; of-momentum DA: >15¢, @ 10 g5

Fringe fields effects:
— add octupole coils near FF quadrupole magnets
— On-momentum DA: Hor. > 254,,Ver. >80 g,,; off-momentum DA: >100,, @ 10 o5

150 [ ! : : ; IIIIIIIIIIIIIII I T I M | 'I E ‘ ‘ : ‘+W/O ‘error
x w/ error o ] .
L i 30 — —— RM
120 —e—w/ error RMS o ] w/ error S ’ —o—w/ error RMS
“r \ E 60 60
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10~ 3 30+ 30+
30| £ 3
2 _ *F [ | | | | N 0, : ‘ Y 10 20 30 0 ‘ : : : - ol
40 -30 20 -10 0 10 20 30 40 B0 T T e T e T T =30 20 10 0 30 -20 -10 0 10 20 30
S/ 05 xlo
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LMA 5 Touschek &ip

« Local momentum acceptance (LMA) evaluated by Elegant LMA | 6(s) =
« Lower H function to increase LMA by linear optics design

« Integration of FF quadrupole fringe fields significantly degrades LMA
«  With octupole compensation, the LMA recovers a lot

« Touschek lifetime: > 300s with crab sextupoles on and fringe fields
compensation with ideal lattice and >220s with errors

n(s) + H (5)Bx(s)

—w/o edge effect,w/o Oct.
ol —w/ Q12FFTedge, w/o Oct.
—w/ Q12FFTedge + Oct.

momentum aperture [%]

Touschek Lifetime (s) |deal lattice with errors R AN A s
0 100 200 300 400 500 600 700 800

w/o edge effect 351 283 s [m]

w/ edge effect 242 166

w/ edge effect and octupoles 309 226 i
ot :L(:/ezlrror 1
average

momentum aperture [%]

« Double-checked by Anton Bogomyagkov from BINP

0 100 200 300 400 500 600 700 800
s [m]
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Analyze the errors of the ring and add BPMs and correctors for correction \ T Frewoma

—vertical
BPM and corrector layout: 5 ‘
— Place BPMs and correctors next to quadrupoles; 405 BPM in each ring.
—  QF: CORx; QD: CORy; Sextupole: double-plane corrector and skew quadrupole;

Misalignment Errors:

— FFT doublet: more strictly than other quadrupoles 350 360 370 380 390 400
— IR sextupoles: more strictly than sextupoles in the Arc o osm |
« Correction strategy 4 —verton

N

— First turn trajectory correction
— Orbit and dispersion correction the whole ring and IP (SVD+DFS)
— Optics and coupling correction (LOCO)

B-beating [%)]
o

'
N

— By correction: K-modulation 4 | | |
0 200 400 600 800
Ax (um) Ay (um) As (um) A@y(mrad) A6, (mrad) A@; (mrad) . e
—w/o error
Dipole 100 100 100 0.1 0.1 0.1 3 —before co.
T
Quadrupole 50 50 100 0.1 0.1 0.1 %2*
Naj
FFT doublet 30 30 100 0.1 0.1 0.1 h
Arc/IR Sextupole 50/30 50/30 100 0.1 0.1 0.1 % ¥ 0 1 2




IxE=RTSKIE

FZHBER S

Global @IP

Hor./\Ver. orbit, MAX (um) 371/328 0.52/0.10
Hor./\Ver. orbit, RMS (um) 48.3/47.6 0.17/0.034
Hor./\Ver. dispersion deviation, MAX (mm) 7.0/1.8 0.81/0.04
Hor./\Ver. dispersion deviation, RMS (mm) 0.48/0.17 0.35/0.014
Hor./Ver. B-beat, MAX (%) 3.0/3.8 0.12/0.86
Hor./\Ver. 3-beat, RMS (%) 0.13/0.17 0.04/0.29
Hor./Ver. tune shift, MAX (x104) 0.21/2.5

Couling factor MAX/RMS (x10-°) 7.9/2.8




Damping wiggler 5&5Ei=H

« Damping wiggler (DW)
— Reducing damping time and emittance control , damping time < 30 ms, ¢, ~ 5 nm rad
— Room temperature DW has been adopted as baseline - mature technology
— the total DW length is proportional to B2, higher B,, is favorable , 1.6 T ->19T, 76.8 m -> 545 m
— The period length 1, affects the field shape, large 1,, is more efficient for damping , 0.8m -> 0.6m
— An even-pole (2N) with a pole sequence of {+1/4, -3/4, +1, -1, ..., +1, -1, +3/4, -1/4}.

Parameter Value
200 ————————— : ——— . Magnetic field and 12 pairs of poles

T Iy Gectanautar field) | © @ O Beam energy (GeV) 1.0-35

Lw (m)

1sf ' ' ' T ] Peak field (T) 1.6
] “*l® /®\ ﬂ ﬂ ﬂ /_\ ] Period length (m) 0.8
2 ool .\
1 & U U/ Magnetic gap (mm) 50
o % ; Number of wigglers per ring 16

0.0 : ® Total wiggler length per ring (m) 76.8

s (m)
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- RRHEEFR
— Crab waist G = LBMIRSIRERE , (BEFTEHISynchrobetatronHRFIBFX-ZATREM: v,/&, = 3
— BT X-Z FRREMNRENYEREERM -> RGN v, LURIEI\E; SFNHIX-ZATREME
— T{ERER: 05+ nv, <[v,] <05+ (n+ 1)v, withn=10r 2
- YPFREFISEIREEZE (v, spread) EINSRFEHEIRIERE (Landau damping)
- EEtEilE HE Lattice ERESBMIEIE | BAATLUXLE]1x10% cm2 571

. . . . * * —
Weak-strong simulations with and without CW Sy =60 mm By =40 mm
1.2e435 0.75 1.2e+35 1.8 . . - _ 1.8 " ) o BBWS ——
sl . . L BBSS —— | 16l : : . BBSS —— |
1.1e435 . 1 ' With Wz, BBWS : ' —  With Wz, BBWS
0.7 1.1e4+35 1al ' ! :W|th Wz, BBSS —— | :W|th Wz, BBSS —— |
> 1.0e+35 Ne R y (B Y |
(_2 < 0.65 9.2e434 ° [ \ / \ r
c < | 1
=] 9.0e+34 S
3 @ 0.6 7.8e+34 :
I 8.0e+34 L 81 X
0.55 6.4e+34 4
7.0e+34 i
US0s ©5E @8 O 07 DO %05 055 06 065 07 075 %5 052 054 0% 058 06
.5 .55 : .65 5 .75 Fractional v, ractional v,

Fractional v,
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. STCREEETMO20R , BREET (Q) , {ER/QE T Lt
+ FAFTTMO 0B BRI A= A A & R Rt LS 7 BT
. TEAEFEEAREEEY | AR EPIR IS TR e 0 w0 S0
. BRETENEARE ST KRR TIERE , EEETNAREIATHD Dk number

o 20
HEER (1ms) Z [xs
- BSRRRERN SECREROIBEENA 13 ps : WREMIBRA N
V .
-20

100 200 300 400 500 600
bunch number

1 GeV 2 GeV 3.5 GeV

20 Damping time @1 ms

200 : Kozt : 500 _Ke=t 600 _ Kp=t ' | s 2 GeV @5 Cavities
e ’ o5l | w1 GeV @2 Cavities | |
PR £=1wo PIFB 154 1/s SRl s S PETEYSIA 35 Gov @18 Carlies
-------- u=-1w/o P FB 368 1/s I 400 k=1 wo PI FB 452 1/s ReHOMs
100} 300 Taol | |
I Radiation damping 36.6 1/s * — - X,
7 % _ oy - s
A e - 2 T Diiursrersrnnssrennsnrenssnsanyfenssnnnssnnens s
s o = 100 e cenesiieger g aaiessnneennsnnns o g 15+
g T, ° ) o]
g -5 = £ 210]
: - ¢
@ -100 o G200 N e T
—p=-2 -200 —_— =2 BE | e T
150 | —— =-1 e o
=1 -300 -400 p=1 l I |
.200 _“=2 400 _/’=2 0 A ol 1 ol L 1 1 1 1 1
o5o LK _@Tracking| , ‘ % @racking g0 | _@Trecking . A 0 1000 2000 3000 4000 5000 6000
500 600 700 800 900 1000 1100 0% T o w00 1000 1100 500 600 700 800 900 1000 1100 Frequency [MHz]

Delay [buckets] Delay [buckets] Delay [buckets]
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AR ENE
- RAFRAZETIERT (BBR) HE(LEE @ 2 GeV

- EEBEEREIVAMEEIETMC

- BREHIER 0.2Q7Ff10.10 1,= ‘;”gﬂEo /i ) 2Bk, <78 KV/pC/m
- R IR T SRR Bﬁ;ﬁ;; - |
- BRI - IREEREISRE

- BEREESFR

Keil-Schnell-Boussard criterion:

3 ) - EHIREEESEETVREA TR
/ Z" (27T)2E0ap0'60'2
th
n C -
8.5 x10-4 err 12, ° EEBEEEK%%\E'HE
—20.20 111 -
801 ——0.1Q = 10l - RiEZ2H 256 mFEREHETE > AREEKE
c 10 1
© E 9 1.6ms™
o 751 9
) 81 4} o g hE‘#/_ |
7.0 —0. X FatamE R A iR TH0
7 ——0.10
6.5 : - . : : : 6
0 1 2 3 4 5 6 01 2 3 4 5 6
single bunch current [mA] single bunch current [mA]

Single bunch current [ mA] @ 2 GeV




SRIIEN - B HIEN

RABHIERENIDTFIRIT , RIHERABMEAN | BHIREIEREN
> BEHEN BORBER , EASEXIER ; FANZAR | ERITEXRARE | BARE

IZIRLER + (3L sk
o JFEANE: ~95% (ideal) > ~70% (FiEseptumimiailiEANNEIRE)
. %u.&%ﬁ&?‘ XJ1E A iR S POk kLt ENFRPISRGHBy [m] 33.34/11.53
. EETEERD SENFARE [mrad] -2.45
HRMEERFREEELNF SN rr—— 286
o SE NSRS [mrad] -2.50
= CRERE S\ BRI [mm] 4.36
VSRR A (] 1
SIS [mm] 350
i, I L ! OBk A RS AR [mrad] <35
* L Hmm OB RAARE [Gs] < 1167
" | LN _Co SEIEIRESEE [mm)] 5.54
SEIEMRER [mm)] 1.0
SEIE IR U S AU [mm)] 0.65/0.6
YIRS RIZ IR [Gs) 5500
SR REE A [mrad] 28
: - EYIENRERE [mm)] 2.0
- ISR S AU [mm)] 1.711.3
i l ) LSRR R7 R [Gs) 9900
L SR REE B [mrad] 110

17
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> BIEEN: WHINZFRFRE , R

- EINER+ FREBIRINTERER | SEMENXBHERETEIRLIE
o FEHEFTEXNEARERZIWRAK , /15 nmrad

N\ L

0.3m
240mm Septum S

5.54mm] | 11.7mm s

S
SN
.

SN
SN
.

S (m)

0.3mi0.45m 1.7m  0.65m 3.7m —
1.9m i
9m N
Q1 Strip-line Kicker Q2

mEi  CEANEEEZHENS
Lt

M EHEAKE [mm] 300
MM REEFRE [mrad] 0.5
P EERLERARARIBIEE [mm] 12
B E 5
EF/ETR/ RBERTIE [ns] 2/2/2
#17X [mm] +5
EANFHNPTERHERAIE [mm] 2.45
FBJENE(E [kV] >17.5
RETFENIEE [Hz] 30
EEINREE [mm] 5.54
EIEINRIEE [mm] 1.0
SRRV BB RIKE [mm] 0.65/0.6
SRR KRS AR [Gs) 5500
BRI REE FE [mrad] 28
EIEMRIEE [mm] 2.0
ENEREEA VIS E/ B RIKE [mm] 1.71.3
BB SR ARE [Gs] 9900
EER S mEEFE [mrad] 110
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RARIEESIER ARHkEL (high luminosity, short Touschek lifetime)

TREHBIASR: Touschek scattering effect, beam injection, beam-beam effect, beam-gas
effect, beam sudden loss

Touschek scattering effect: calculate off-momentum optical function and beam size — Collimators
are favorable to set at large beam size, optimize collimator number, gaps, materials.

« Each ring is equipped with 11 horizontal collimators and 2 vertical collimators.
[ ]
The minimum half gap is 7 mm. ot T GEp il gap_Positon |, —
TN HC1 [msm] 2[40110 11[;1 332 8.03
. o (.. “‘w . . .
Off-momentum beam size (-1%) sp} HC2 12 3629 20318  7.98
, ol HC3 9 2514 25915 27.68
20 E’Team Silze Alonlg the Rilng (99°/? confidlence intlerval) | HC; m%% HC4 21 23.31 307.34 161.11
B — Horizontal Size g s HC5 10 2355 34205 15.99
E 30} —— Vertical size % :;I % HC6 12 28.65 350.23 15.34
g [ 3 B E HC7 1 26.09 39421 18.91
A He14, HC10 @ HCs 10 2323 41023 18.36
8ol AN 4 HC9 8 25.48 536.91 7.52
O | W . “‘*cm e 5 HC10 8 2547 63115 7.57
0 100 200 300 400 500 600 700 800 o”/‘éiﬁigﬁ;:;jm ,,,,,,,,,,,,, ) Wm‘%ﬁ;;‘;f__\glééi\°° HC11 13 24.27 739.09 61.99
Position [m] Q\ = e VC1 7 49.38 282.87 153
VC2 7 3454  285.06  1.61




Touschek BB HEEIRIIEGR

Without collimators : With collimators °

» Approximately 58.2% of particle losses occur in IR «  Beam loss within +20 m of the IP is approximately 1.3%;
(370 ~ 380 m); _ . -« The remaining particles not intercepted by the collimators

» About 11.2% of losses occur in the CCX section are uniformly distributed in the arc sections and DW
upstream of the IR (300 ~ 320 m); regions;

» Around 13.4% of particle losses happen near the - The collimation efficiency reaches 97.3%.

crab sextupole magnet before the IR (270 ~ 290 m).

Particle loss according to location Particle loss according to location
I

:\°\20~ T T T T T = g . I . I T H6 T
2 | Without collimators ] g = With collimators .
@ X HE ]
7 10 B a H1 H10
S S 1o V2 -
o . 2 H3 H"}Is H9 H11
L] b T « |
5 1 } ‘“N% - I I I I l S oa |' %‘ J f‘ ‘! i ! % ]
%207 Ex %207
~> SIS

10 - 10 -

0O 400 500 600 700 | 800 - O0 400 500 600 700 800

Position[m] Position[m]

Beam loss distribution: (left) without collimators; (right) with collimators.



- STCF #Z>B#x: CoM energy range 2~7 GeV, 0.5x103> cm-2 s'1 @ 4 GeV, Touschek lifetime > 200 s
*  LatticeiRIHFNAEEMRNIZE M
— Latticeikit (V4.3 ) : GRS
- ZEENRENSMIIRE | FHHITRIE
— Luminosity: ~1x103> cm2s1 @ 4 GeV
— Touschek lifetime: >300 s with ideal lattice and >230 s with errors @ 4 GeV
© RIS
— Crab waist5ZEAILIAMIRESXESE (1x103° cm2 s1), FEEBHMX-ZAREMS (v,=0.0194 > 3
&, (0.005)), smaller g; is favorable (40 mm)

— E PRI EBRERE , AR E
— HrEEEHIRTITE
- T—2IE:
— ZEShRlatticeikit : W\s; | 4EFEDWIKEE |, 48i8 A
— RERNARKRNNIE , B—LTREMNMNFFR | shEETE , NMRETouschekEdp
—- BVEITE , RAARRRERILL
— RERARERENS I, RAEERS
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