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» Latticeigix {4

// ! RCSRing Lattice: R1
// ! Simplified version, 20231103
// Note that whole RCS ring should have four R1

LO1: DRIFT, L =5.5;

QF01: QUAD, L=0.41, K1 =0.74065659951575;
LO2: DRIFT, L = 0.800;

QD02: QUAD, L=0.90, K1 =-0.57936409580641 7,
LO3: DRIFT, L =1.15;

QF03: QUAD, L=0.41, K1 = 0.664196402392476;
LO4: DRIFT, L =3.800;

MB: SBEND, L = 2.1, ANGLE = 0.261799387799149;
LO5: DRIFT, L =1.200;

MB: SBEND, L = 2.1, ANGLE = 0.261799387799149;
L106: DRIFT, L=1.3;

QFO04: QUAD, L =0.45, K1 =0.570558026371608;
LO7: DRIFT, L=1.3;

QDO05: QUAD, L=0.90, K1 =-0.579364095806417;
LO8 :DRIFT, L =0.800;

QF06: QUAD, L =0.62, K1 =0.608457760781354;
LOS :DRIFT, L =0.900;

MB: SBEND, L = 2.1, ANGLE = 0.261799387799149;
L10 :DRIFT, L =3.500;

MB: SBEND, L = 2.1, ANGLE = 0.261799387799149;
L11: DRIFT, L = 0.900;

QF07: QUAD, L=0.62, K1 =0.608457760781354;
L12 :DRIFT, L =0.800;

QDO08: QUAD, L=10.90, K1 =-0.579364095806417,
L13 :DRIFT, L =1.3;

QF09: QUAD, L =0.45, K1 =0.570558026371608;
L14 :DRIFT,L = 1.3;

MB: SBEND, L = 2.1, ANGLE = 0.261799387799149;
L15: DRIFT, L = 1.200;

MB: SBEND, L = 2.1, ANGLE = 0.261799387799149;
L15: DRIFT, L = 3.80;

QF10: QUAD, L=0.41, K1 = 0.664196402392476;
L16 :DRIFT,L = 1.15;

QD11: QUAD, L=0.90, K1 =-0.579364095806417;
L17 :DRIFT,L = 0.800;

QF12: QUAD, L=0.41, K1 = 0.74065659951575;
L18 :DRIFT,L = 5.5;
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All big things start small.

that even the biggest and most ambitious goals can be
achieved by taking small, incremental steps.
Gemini Pro (beta)



Twiss parameters

» ZrEEOMETwiss&SE]

o MIRILAAERIENE, AR PR Twiss Z% 201
o LU TGN R O L R

15 +

beta

# UM — RV FERER 558 (dot product)

™y : | )
y L % H= }ﬁ*/q U’:] Ilfﬁ}_“ 10 1
# Y,?@?'EZFX, 3*3 def Mdot(ml): /
def D(1): # A S5 RGN R, 2607 A
return np.array([[1,,0], mt = mi[0]
L el # 05 U — e I ELBR 5{ & betax
[0,0,11) if len(ml) == 1: beta_y

. N . return mt T T T T T T
# DUt GGk REFIH Al 0 10 20 30 40 50
def QF(lk): UV TR HEAT AR (P B s [m]

sk=np.sqrt(k)

skl=sk*|

return np.array([[np.cos(skl),np.sin(skl)/sk,0],
[-sk*np.sin(skl),np.cos(skl),0],

[0,0,11]) # ST XA SERE 3K twiss B
#cos @ +asin @ fsin @
#-ysin@cosp-asing
def twiss_from_m(m):

mtr=m[0,0]+m[1,1] # VE: HEIRE SCH=Fr T it & B R, i Hewiss

foriin range(1,len(ml)):
mt = np.dot(ml[i],mt)
return mt

# DU RGEk: AR P
def QD(l,k):
sk=np.sqrt(np.abs(k))

skl=sk*| %
return np.array([[np.cosh(skl),np.sinh(skl)/sk,0], fﬂl(ili(ii?ﬁ)ﬂZxZB’]ﬁl— LS
[sk*np.sinh(skl),np.cosh(skl),0], raise ValueError(" ¥ HiRE 1) 325 B/ T2 77 /2 R 2 fift " mitr)
[0,0,1]]) c=mtr*0.5 # cos i, &5 Tl p—2Y
N - » , o # 1T HAh I
# i’ Wik (sector magnet) : HEFE Dll%% 12 rho AT W% f1 FE theta & X s=np.sqrt(1-c**2)

def SBend(r, a):
return np.array([[np.cos(a), r*np.sin(a), r*(1-np.cos(a))],
[-np.sin(a)/r, np.cos(a), np.sin(a)],
[0, 0, 1]])
#3E: ORI Cbbany) $EE R B b B

beta=m[0,1]/s
alpha=(m[0,0]-c)/s
gamma=-(m[1,0])/s

return [beta,alpha,gammal]

tune x: 0.3210262231879895
tune y: 0.09246771879564876



# loop over s and build the transfer matrix for each s

» 1E#{_L I\ foriins:
\ Elﬂg {g %E I}E [mlx,mly,mlis]=lat_matrices_s(rcs_r1,i)
'§‘ -L ﬂu [b,a,rl=twiss_from_m(Mdot(mIx))

d,dp=np.linalg.solve(Mdot(mIx)[:2, :2]-np.identity(2),-Mdot(mIx)[0:2, 2].reshape(2, 1))

: : e twiss_x.append([i,b,a,r,d[0],dp[0]])
# def a function to return matrix from a lattice list in format of T
[b,a,r]=twiss_from_m(Mdot(mly))

[type, al,a2,a3] starting at any give s position twiss_y.append([i,b,a,r]) D;H] D/ E(J _H_ﬁ

def lat_matrices_s(lat,s):
mls=[e[1] for e in lat]

sl=np.cumsum(mls) Twiss parameters

sl_max=sl[-1] 3.07 —o— beta_x
fori,l in enumerate(mls): —o— beta_y
slfil-=1 # P& 1E sy 704\ F1 A7 25 251
sl=np.append(sl,sl_max)
# print(sl)
id=0 2.0 1 20 4
lower=upper=0.0
lat_new=[] 1.5 2
splited=[] 21579
foriin range(len(sl)-1): 1.0
if sl[i] <=s<sli+1]: 104
id=i
lower=s-sl[i] 0:3 1
upper=sli+1]-s 5 |
if lower >0: # only split when s doesn't coincide with a starting point 0.0
splited=[[lat[id][0],lower,lat[id][2]], [lat[id][O],upper, lat[id][2]]] 0 10 >0 20 0 50 ] 10 2o % 20 %
# if it is sbend whose angle need to be split as well s [ml
# print("element",lat[id])
if lat[id][0]=='SBend’:
p=lower/lat[id][1]
al=lat[id][2]*p # if splited is not empty
a2=lat[id][2]-al lat_temp=(]
splited=[[lat[id][0], lower,a1],[lat[id][0],upper,a2]] if splited:
# print("split sbend:",splited) lat_temp=lat_newl[id+1:]+lat_new[:id+1] # staring from s
else:

if id==len(lat)-1: # split final element
# print("split final element:",i,lower,upper)
lat_new=lat[:id]+splited

lat_temp=lat_newlid:]+lat_new[:id]
# print(lat_temp)
ml=[element_matrix(e[0], *e[1:]) for e in lat_temp]

else:
lat_new=lat[:id]+splited+lat[id+1:] mlx=list(map(lambda x: x[0],ml)) # select the x matrices
alse: mly=list(map(lambda x: x[1],ml)) # select the y matrices
lat_news=lat mls=list(map(lambda x: x[2],ml)) # select the s list

# print(id+1)

# raise an error if sis larger than sl[-1]
return [mlx,mly,mls]

elif s >=sl_max or s<0:
raise ValueError('s is larger than the last s in the lattice!")



» «a,,y, and chromaticity

# calculate the momentum compact factor and chromaticity of the ring:
[mIx,mly,mls]=lat_matrices(rcs_r1) # only mls would be use here

sl=np.cumsum(mls) E%’/féﬁgﬁqz_\“ ﬁﬁﬂ%%y‘j

sl_max=sl[-1]

fori,l in enumerate(mls): D(S)
sl[i]-=I # modify position AL - 5 f dS

print("sl_max:\n",sl_max) ,0

ds=0.01 N T = P

S B LASE R T
# setup as list between 0 and sl[-1], ds as stepsize
sr=np.arange(0,s|_max,ds) 1 LO D (S)

A = — ds

alpha_c=0.0 LO 0 ,0
chromaticity=0.0
chromaticity_y=0.0 N
rho=2.1/0.261799388 5)& Hﬁ?ﬁﬁﬁ ]/tz — 1/CZC
for sin sr:

i 0

foriin range(len(sl)-1):

if sl[i] <=s<sl[i+1]: 1

id=i

[mIx,mly,mls]=lat_matrices_s(rcs_r1,s) A’V = E 5 E - — K(S)ﬁ(S) dS
[b,a,r]=twiss_from_m(Mdot(mlx))

[by,ay,ryl=twiss_from_m(Mdot(mly))

# if this is a SBend, then acumulate the D(s)/rho

if rcs_r1[id][0] == 'SBend":

d,dp=np.linalg.solve(Mdot(mIx)[:2, :2]-np.identity(2),-Mdot(mIx)[0:2, 2].reshape(2, 1))

alpha_c += d[0]/ rho * ds sl _max: 56.97999999999998

g el e momentum compactor factor is: 0.02999597661771785
Akt e trasitinoal energy is: 5.77388988

;?ir:t?fnt::x}yt:;'crgf;glagﬂzf]ﬁgif--, Ao /s chromaticity x is: -1.0880762847134944

print("trasitinoal energy is:", 1/np.sart(alpha_c)) chromaticity y is: -2.1734012594276693

print("chromaticity x is:",-chromaticity/(4*np.pi))
print("chromaticity y is:",-chromaticity_y/(4*np.pi))



» {EaiEkE

HEW 2 — MR RAEk
1 1
1 1 0 Cos[VKL —Sin[VKL] —(1 — Cos[VKL
mD_<O ; O) o VEL]  —=SinlVKL] —=( [VKL])
00 1 —VKSin[VKL]  Cos[VKL] Sin[VKL]
0 0 1
U AT — KRR (BR4E) k ios@ poSind po(1l — CosO) N
Cos[VRL]  —=Sin[VEL] — (1 - Cos[VEL]) <fs> T\ T ot >ne <fs>
OS[ \/E 1n pK 0S s2 . ; " s

™8F = | _VKsin[VRL]  Cos[VKL] %sm[«h]
p

0 0 1
HER R (B
Cosh lw/Abs[K]Ll WSmh [w/Abs L] pAbs (Cosh [\/Abs[K]L] — 1)

72| JAbs[Klsinh [/Abs[KIL|  Cosh[/Abs[K]L] Abs[ Smh[“AbS 3
p S

0 0 1
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# define the same transfer matrix as we calculate the twiss, ignore the dispersion term

import numpy as np

def D(l):
return np.array([[1,,0,0],
[0,1,0,0],
[0,0,1,1],
[0,0,0,1]])
def QF(l,k):
sk=np.sqrt(k)
skl=sk*I

return np.array([[np.cos(skl),np.sin(skl)/sk,0,0],
[-sk*np.sin(skl),np.cos(skl),0,0],
[0,0,np.cosh(skl),np.sinh(skl)/sk],
[0,0,sk*np.sinh(skl),np.cosh(skl)]])

def QD(l,k):
sk=np.sqrt(np.abs(k))
skl=sk*|
return np.array([[np.cosh(skl),np.sinh(skl)/sk,0,0],
[sk*np.sinh(skl),np.cosh(skl),0,0],
[0,0,np.cos(skl),np.sin(skl)/sk],
[0,0,-sk*np.sin(skl),np.cos(skl)]])

# define a function return matrix for sector magnet(recommand rho and angle form):
def SBend(r, a):
return np.array([[np.cos(a), r*np.sin(a), 0,0],
[-np.sin(a)/r, np.cos(a), 0,0],
[0,0,1,r*al, # vertical as dirft space
[0,0,0,1]1)

ST T . T 1

# return element matrix by its type and parameters
def element_matrix(*args):
if args[0] =="'D’:
I=args[1]
return D(l)
elif args[0] =='Q":
I=args[1]
k=args[2]
if k>0:
return QF(l,k)
elif k<0:
return QD(I,k)
else:
return [D(l),D(I),1] # if k=0, return as drift
elif args[0] == 'SBend’:
I=args[1]
angle=args[2]
rho=l/angle
return SBend(rho,angle)
else:
print('Unknown element type!’)
return None

# define a function doing the do production for a list of given matrix:
def Mdot(ml):
mt = ml[0] # temp matrix to store the results
if len(ml) == 1: # return if there is only one matrix
return mt
else:
# do the dot production one by one from the 2nd element
foriin range(1,len(ml)):
mt = np.dot(ml[i],mt)
return mt
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# a simple track function for one particle, p is in the shape of np.array([[x], [xp],[y],[yp]])
def track_single(tm,p):

return np.dot(tm,p)
# track a bunch of particles

i BT E R — B B AL

return np.array([track_single(tm,pl[i]) for i in range(len(p))])

o000 0y ® XX
0.2 - o®? ®e, P
® [ ] L ° ® Yyp
@ L

# test particle at position x=1 and y=1, both xp and yp are zero ® e00000000,, ..
x0=np.array([1,0,1,0]).reshape(4,1) ® °o® eo® oy e ..
# track for 100 times 0.1 ® e® o, >

o o° o
r=[] oa® o
TM=Mdot(ml*4)
r.append(x0) # store the initial distribution first e
for i in range(100): 5 0.0

x0=track_single(TM,x0) o
r.append(x0)
. (il
L I ®
-0.1 1 o %o o*® °
. ® LY oo °® e® ..
. ®e00ccccne® °
®
® ® o
L °® ®
» » —0.2 1 ® g e ®
ZRFATHSHIHE Cececse

T T T T T T T T T
-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00
X ory

# calculate the emittance for a given distribution: e=sgrt(mean(x”2)* mean(xp”2)-mean(x*xp))
def distribution_parameters(p):
ex=np.sqrt(np.mean((p[:,0]-np.mean(p[:,0]))**2)*np.mean((p[:,1]- np.mean(p[:,1]))**2)-np.mean(p[:,0]*p[:,1]1)**2)
ey=np.sqrt(np.mean((p[:,2]-np.mean(p[:,2]))**2)*np.mean((p[:,3]-np.mean(p[:,3]))**2)-np.mean(p[:,2]*p[:,3])**2)
# beam size given as standard deviation
sx=np.std(p[:,0])
sy=np.std(p[:,2])
return ex/np.pi,ey/np.pi,sx,sy
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Parameter Value

» B892 % vs

KRBt

Evolution of Emittance and Beam Size
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» Ecn

# matched beam generation

print("Notice that at the staring point, alpha_x,y is zero, \n which means that the distribution is a

typical ellipse.ex=sqrt(sx"2*sxp”2-sxxp”2)")
ex0=ey0=1.0e-6 # pi.mm.mrad
bx0=7.372117913456016
by0=4.612052201102539
sx0=np.sqrt(bx0*ex0*np.pi)
sxp0=np.sqrt(ex0*np.pi/bx0)

# sxp0=ex0/sx0
syO=np.sqrt(by0*ey0*np.pi)
sypO=np.sqrt(ey0*np.pi/by0)

# sypO=ey0/sy0

print("sx0,sxp0,sy0,syp0",[sx0*1000,sxp0*1000,sy0* 1000,syp0* 1000])

num_particles =10000
# Covariance matrix
cov_x = [[sx0**2, 0],
[0, sxp0**2]]

cov_y = [[sy0**2, 0],
[0, syp0**2]]

# Generate random samples from a multivariate normal distribution
mean =[0, 0]

X, Xp = np.random.multivariate_normal(mean, cov_x, num_particles ).T
Y, Yp = np.random.multivariate_normal(mean, cov_y, num_particles ).T

*-xp: 1.012 pi.mm.mrad y-yp: 0.991 pi.mm.mrad

X versus y

xp[mrad]

Evolution of Emittance and Beam Size

5.0
TR R R LD R R R S D R R R L S T LR R A R R L R R M R i
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&
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104 Es=sssssssssssstsssssssssssssssssssssssssssssSESSsssssssssssssssssssssssssoos
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