icchepnoBaHuMe
NNHAMMNYECKOM anepTypbl

CtpyKTtypa 28 20



Changes

* From version 10

decreased crossing angle from 30 mrad to 20 mrad
increased byip from 2 mm to 3 mm
increased coupling from 0.005 to 0.016875=0.005*(3/2)"3

as a result K2 _crab=unchanged, xi_y=unchanged, T_toushek expect to
increase (3/2)*3=3 times

* From version 11

increased number of cells from 12 to 18
decreased cell phase advance from 1/4 to 1/6

* From version 12

increased crossing angle from 0.02 to 11_cross = 0.03;
increased energy to 2 GeV

* From version 17

trying to reduce fringes detuning

increased length of QO, Q1 from 0.3 to 0.37,
increased dI1 from 0.13 to 0.185

matched phase in IR arc matching section

* From version 18

Increase number of cells from 18 to 24

* From version 19

Decreased number of cells from 24 to 18
Full IR with CCYS, CCXS, CRAB, ARC

* From version 20

Increased number of cells from 18 to 24
Full IR with CCYS, CCXS, CRAB, ARC

From version 21

Number of cells is 24
Full IR with CCYS, CCXS, CRAB, ARC
Decreases alfa_yx_qgin IR

From version 22

Decreased crossing angle to 25e-3

Increased bxip, emit_x by Dx in WIGGLER

bxip = 0.15; byip = 0.003; I1_cross = 0.025; r1_cross = -0.025;
cell: gx=qy=1/6, 24 cells

Save-5 from Save-1 introduced 4 dipoles around wiggler
Adjusted phase in IR MS, chosen 27_5

From version 27

Decreased crossing angle to 25e-3

Increased bxip, emit_x by Dx in WIGGLER

bxip = 0.15; byip = 0.003; I1_cross = 0.025; r1_cross =-0.025;
cell: gx=qy=1/8, Ncells=24

Chosen 28 20



The reasoning (FODO)

3 8 1 L

3 1 /L 1 2 cell
~ 2.3~ _ 2 cell | _ 2 H=~L e —=
Ex qV ¢ u3 qu v3< I ) q¥ (v Nopo;p)3 us  mv3 cheu
2 E u
C 341 —
(K1L)1,2zi%=i< Zy> T v_27T
x Leeyy = 2L
[T = NeeyiLcen
1 u’ C.y? 8m?
(KzL)12zi2—'u—=_ 1’ 5 Oeell = 29 = o
’ L 4 & |l ce N, i

To increase N, but keep ¢, = const

1
ﬁx ~ <1 + _> — 0 (1 + _) decrease v keeping v X N.,;; = const

than Ry, & &,N2,; Loy Will increase

Rda x K,L B X ATT2CoY2 Looy AT2Cay2 Ncelchell X 2 Ncell\/ Lcell X \/Ncelchell
2L Px q cell q € IB C 14
V €xPx q



The reasoning (beam-beam, luminosity)

y ¢ ,n o 1 g 1 Nyre By, 1
2ery ~ By, 2 tan O 20 || Bx By By 2y N €, 0, tan @
T
1 tan 6 Py =TTM, , =5 (2n + 1) x
X 63’ C7 Stx — Npre le
I'rouschek Exn/ Eyﬁ; 2ny (o, tan 0)?

With respect to 22_11
5 . . 3 . x
Decrease 8 —X - increase By =X 5 increase &, —X 3 leads to Liyy &% 2.5 = 2.6mm = ;, = 3mm. Good!

o, = const

Increase ¢, =X 3. Good for Tryyschek!

0.006

1

2

3

4. Decrease of coupling &, = k&, X o0z % 3 =~ const. Acceptable.
5

6

7

Increase ¢, =X 2 by increasing N, »X 2
Resulting in L =»X 2. Good!

o 1 5 1
Resulting in ———— «X 2 X c X3 . Good!

N | =

TTouschek

6

2
8. Resultingin ¢, »X 2 X % X (E) ~ 4.3. Acceptable.



Optics: IR

!
Q0 a1 Q2 Q3 Q4 Qs @6 Q6 Q7 as | a8 Q9 Q10 Q10
|
donl/[\dza,ﬂl d2Yd3/I\d4b d4r153,b—2| ds/l\dGa,b—3| dGY Td7 /]\dSa,il dSY | Yds ,ildSa/l\dloT Y
VT AV N T T AT
¥s Vi : Y3
|
!
|
Qi1 Q12 Q13 Q4 Q15 Qi5s  Qlé Q7 Ql8 Q19 _ Q19
X5 X1 X3
dll/I?ﬂZa,i‘dleidlzﬁﬁa,il d131§14a,£| d14Y dls/l\ £ /I\ d16 Td17a,£| d17T\d188|ﬂ|d18Yd19/]\ f‘ /I\
! Avv A v Ao
i
Q20 Q21 Q22 Q23 Q24 Q25 Q26 Q26 Q27 Q28 Q29 Q30 Q31 Q32 Q33
d201>121a,£| dzmzza,ﬁl d22 szz; /I\d24 szs sze T Td27/]\d28 Td29 /I\ d30 Td31/l\ d32 Td33 /]\d34
VAV ALY AV AL A
CR

KzL —

K2L=_

1 [Box COS Uy 1
20+ Bx cos2uy BoyBy

incoming

1 [Box €OS Uy 1
20+ Bx cos2uy BoyBy

outgoing



Optics: cell

Qds3 Qds2 Qds2 Qds1l Qcl Qc2 Qc2 Qcl

X1
dds2 /[\ddsl % ddsledsZ ddsZTddsl ,&‘ dds1 /I\ddszi dcz/l\dcl ,£| dclT dc2 dcszcl lﬁl dcl dc2 £
| I |

VoA A vy T A

3y

2"d order achromat
24 cells with u,,, =

Not large chromatici
Expected large DA.
4 26 531
< > Possible 24 cells with u

T. 242" _ g
12

w |y

~—t

Y.

H=73
[ 61
M—E. 245—121'[




Optics tech
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Design parameters ultimate
EMev) | s0 | 1000 | 1550 | 2100 _ y

388.742337640177 L= ] =
350.118202616599 2et, ” Py
50

150/3

a) W 0.78 1.5 1.5

408/454  408/454  213/454  134/454

1.57/590 24.8/1160 137/1800  401/2650 \

0.0226  0.00225  0.0225  0.0234 fn ymwa”ts to decrease to 2.5
Spr(%) 1.6 1.6 1.54 1.5 because

01/08  03/06 0508  07/09 Lo 2 65 mm at 2.1 GeV
2.7/13 5/9.8 8.4/13 13/15 Line = 2.66 mm at 1.55 GeV
2/66 8/34 19/31 35/31 Line = 2.71 mm at 1.0 GeV
0.006 0.006 0.006 0.006 Line = 2.6 mm at 0.5 GeV
Lyc X 1073%(cm™2s71) 0.03 0.26 1.4 2

0.005/0.03 0.008/0.05 0.01/0.1  0.01/0.1

909 910 1146 2090 Limitation due to ¢, ~30nm

24(r/4)




Touschek a

! /,/ : IBS + WG : B0 \\ i rad
s // 50F N IBS + WG
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E 4/ E T -
= 1000 = 1000 F g
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= 0.06¢
0.04¢
0.02¢
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5
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e
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Trajectory at E=2.1 GeV, ¢, = 30 nm

QO pole field is -0.545734 T
Aperture QO (R): x=0.014333
Aperture QO (R): y=0.0141642
Length Q0: L=0.37 m

Q1 pole field is 0.667722 T
Aperture Q1 (R): x=0.0247954
Aperture Q1 (R): y=0.0141642
Length Q1: L=0.37 m

Dx0=0.0163383
Dx1=0.0231671

Sigma_x IP(m)=6.7082e-05
Sigma_y IP(m)=7.34847e-07

X(m)

Y(m)

| Trajectories at 19a, | G0=-38.1 T/m, RD=1.4 cm, A x,=1.6 cm, E=2.10 GeV

G1=26.9 T/m, R1=2.5 cm, A X,=2.3 cm, 26=50 mrad, £ =30.0 nm, £,=180.0 pm

0.06
0.04 =
0.02 =

E
-0.02 =
-0.04 =
-0.06

0.02

0.01

0

-0.01

-0.02




Trajectory at E=2.1 GeV, ¢, = 30 nm

QO pole field is -0.631902 T
Aperture QO (R): x=0.0165961
Aperture QO (R): y=0.0161179
Length Q0: L=0.37 m

Q1 pole field is 0.773151 T
Aperture Q1 (R): x=0.0287105
Aperture Q1 (R): y=0.0161179
Length Q1: L=0.37 m

Dx0=0.0118136
Dx1=0.0153394

Sigma_x IP(m)=6.7082e-05
Sigma_y IP(m)=7.34847e-07

X(m)

Y(m)

[ Trajectories at 220, | G0=-38.1 T/m, RD=1.7 cm, A x,=1.2 cm, E=2.10 GeV
0.08 G1_25 9 T/m, R1=2. 9 cm A x,_1 5 cm, 29_50 mrad, £ _30 0nm, g, _180 0 pm

0.06 =
0.04
0.02

0

0.02 =

-0.04 =

-0.06

-0.08

0.03

0.02

0.01

0

-0.01

-0.02

-0.03




Trajectory at E=2.1 GeV, &, = 60 nm

QO pole field is -0.609303 T
Aperture QO (R): x=0.0160025
Aperture QO (R): y=0.0158868
Length Q0: L=0.37 m

Q1 pole field is 0.745501 T
Aperture Q1 (R): x=0.0276837
Aperture Q1 (R): y=0.0158868
Length Q1: L=0.37 m

Dx0=0.0130003
Dx1=0.0173923

Sigma_x IP(m)=6.7082e-05
Sigma_y IP(m)=7.34847e-07

X(m)

Y(m)

[ Trajectories at 150, | G0=-38.1 T/m, AD=1.6 cm, A X,=1.3 cm, E=2.10 GeV
0.08 g g 14umr§iu1_25 .9 T/m, m_z.a om, 4 x,_1 7 cml 26=50 mrad, £ . —EIJ 0 nm, &, _.360 .0 pm
0.06 ' ' S
0.04
0.02

0
-0.02 =
-0.04 =
-0.06

-0.08

: 1UDI’I‘II‘E€J

0.02 =

0.01

0

-0.01

-0.02

-0.03




Layout

Distance between the beam lines AR = 1.364 m

Layout

_40 B

X (m)

_60 B

_80 B

—100k

~60 —40 -20 0 20 40 60
Z (m)



IR,

B\”I (m”z), ﬁv”z (milz)

B (m), B (m)

CRAB, cell

73750890915102, B, = 83.3304580816544, K2(.q), = 93%%%%%%

CRAB
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X (mm)

6d dynamic aperture

6d-DA,y, = o, = 3.66e — 05m

6d-DA,y, = o,,0, = 8.80e — 04m, 0. = 7.85¢ — 04

—e— CRAB=1, 2025.03.07-12.23.11 301
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Hylm)

Element

El.s%gﬁ : |

| WA CRAB=1
ring-2025. 03 07-12.23.11_1.0crab_sextupole-1.55GeV-4cav.lte

H{m)

W sLost_
_ 40} 4200 _ W slost,
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I_eft tO R I g ht C RA B (2025.03.07-12.23.11_1.0crab_sextupole_chrom-13.str)
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CeKCTyno/in M OKTYNOIM MPOMEXYTKa BCTPeYn

Cxema Ha3BaHUMN:

e “”—pa3penutennp

* L1 nan R1 — neBada nnu npasana yactb IR
* M — marHurt

* S wunn O — ceKCTynosb UM OKTYNOJb

* XwunnY —HanpaBneHue

* Homep

_1wnnn _2 —nepsaa nam BTopas NoN0OBUHA

L1.MSY5_1+L1.MSY5_2

L1.MSY1 1+L1.MSY1 2 = L1.MSY3_1+L1.MSY3 2

CCSY, napa yepes —| xpomaTnyeckmx cectynonemn

L1.MOY1 = L1.MOY2

CCSY, napa yepe3 —| xpomaTnyeckmnx oKTynosen

L1.MSX1_1 + L1.MSX1_1 = L1.MSX3_1+L1.MSX3_2

CCSX, napa yepes —| xpomaTnyeckmnx cectynonemn

L1.MSX5

L1.MOX1 = L1.MOX2

CCSX, napa yepes —| xpomaTnyeckmnx oKTynosen

L1.MSCRAB_1 + L1.MSCRAB_2 = -(R1.MSCRAB_1 + R1.MSCRAB_2)

KpaboBble CEKCTYNONN, HE KPYTUTb




CeKCTynosin 1 OKTYNOAM apoK

Cxema Ha3BaHWUN:

o9

. — pasgenutens

Al nan A2 — nesasa nam npasasd apKa
M — marHut

S nn O — CeKCTynosib UNN OKTYMNO/b
X unnn'Y — HanpasieHune

Homep

A1.MSX1 = A1.MSX4 ... A1.MSX19 = A1.MSX22
A1.MSX2 = A1.MSX5 ... A1.MSX20 = A1.MSX23
A1.MSX3 = A1.MSX6 ... A1.MSX21 = A1.MSX24

A1.MSX25

CeKCTyno/n apoK, AO0NXKHbI ObITb 06beaeHbl B —| napbl
yepes 4 A4YenKu

A1.MSY1 = A1.MSY4 ... A1.MSY19 = A1.MSY22
A1.MSY2 = A1.MSY5 ... A1.MSY20 = A1.MSY23
A1.MSY3 = A1.MSY6 ... A1.MSY21 =A1.MSY24

CeKcTynonu apok, obbeaeHobl B —| napbl yepes Tpu
AYEnKHn

A1.MSYDS1, A1.MSYDS2, A2.MSYDS1, A2.MSYDS2

CeKCcTynonun B ceKUMn nogassieHnsa gucnepcmm




Explanation: detuning from quad fringe

Avy = ayyjy + Ayxy Avyy = Qyyjy, AVyy = Ayxjx
2 2
—_ — . ' - nxgx " - nygy
For {x =N, 0y, Y = nyay} actions are { x = o Jy == }

Ayy 32”45 1'Byds ~ —— (“13/:813/ “\Zsiﬁ/Zy)

First Second
edge edge

1
Ayx = Sﬁ Ki (ay,Bx — axﬁy)ds
K

~ ot (a1 yBix = @rxBry = (@oyBox - w))

First Second
edge edge




Explanation: detuning from quad fringe

Avy = ayyjy t Ayxjx Avyy = ayyJy, Avyy = Qyxx
: . nie, . ns e,
For {x =N, 0, Y = nyay} actions are yj, ==,y =~
For first final focus quadrupole
1 L njey
Avyy = Qyyjy = X
Oy Lq
A 1L (2 . L*) Nz,
Vo = Ayxfx =
Y yaA 7T,30 x:BOy Lq 2

With L, increase ay,, = 0, a,,,, = const



Explanation: detuning from quad fringe

Starting from IP
K4

_ 11 — (—9487)
Ky
ayx(Ql) ~ % (al,y,gl,x R al,xlgl,y R (az,yﬁz,x R az,xﬁz,y))
= 6966 — (—235)
~_ 7 ~_ 7
First edge Second edge

from IP from IP




3ameyaHus

* OKyHeB. W.: MOXHO /11 B A4ENKaX 3aMEHUTb MAarHUTbl Ha ANNOAU C
rpagueHTom, 1 yopaTtb NNH3bI.

* boromarkos A.: ymeHbWwWNUTb H B ceKUMAX NOAaBAEHUA ANCNEPCUMN.



