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Betatron Coupling Simulation 
using MADx and betatroncoupling program 

Unperturbed Tune : (36.1269232204, 30.2888605725) 
Observation at difference resonance point : (36.205, 30.205),(36.255, 30.255) 
 
 
All 381 quadrupoles are given random rotational errors (0.5, 1.0)mrad  
for 5000 random numbers truncated at 2s 

 
The effect of coupling was compensated with QS1 and QS4 



MADx program input file 

idx = 0; dtheta = 1.0; 
while(idx < 5000) { 
QF_K1 = QFK0;QD_K1 = QDK0;QS1_K1 = 0.0;QS4_K1 = 0.0;qs1,k1 := QS1_K1;QS4,k1 := QS4_K1;qf,k1 := QF_K1;Qd,k1 := QD_K1; 
!=================================== 
OPTION, WARN, -INFO, ECHO; 
sseed = 54008300 + 10000 * idx; 
call,file="p32err.dat"; 
!************************************************************************************************** 
! Tune with errors 
! Lattice functions at difference resonant point with errors 
select,flag=TWISS,clear; TWISS,deltap=0.0,sequence=RING; 
q1a=table(summ,q1)-36.0; q2a=table(summ,q2)-30.0; 
!************************************************************************************************** 
! Drive to a difference resonance point with errors 
! so, change quad strengths to goto (36.205, 30.205) 
MATCH, SEQUENCE=RING; 
VARY,NAME=QF_K1, STEP=0.0001; VARY,NAME=QD_K1, STEP=0.0001; 
GLOBAL,SEQUENCE=RING,Q1=36.205,Q2=30.205; 
LMDIF, CALLS=100, TOLERANCE=1.0E-10; 
ENDMATCH; 
!************************************************************************************************** 
! find skew quad settings to kompensate the errors, 
MATCH, SEQUENCE=RING; 
VARY,NAME=QS1_K1, STEP=0.0001; VARY,NAME=QS4_K1, STEP=0.0001; 
GLOBAL,SEQUENCE=RING,Q1=36.205,Q2=30.205; 
LMDIF, CALLS=100, TOLERANCE=1.0E-15; 
ENDMATCH; 
!************************************************************************************************** 
MATCH, SEQUENCE=RING; 
VARY,NAME=QF_K1, STEP=0.0001; VARY,NAME=QD_K1, STEP=0.0001; 
GLOBAL,SEQUENCE=RING,Q1=36.205,Q2=30.205; 
LMDIF, CALLS=100, TOLERANCE=1.0E-10; 
ENDMATCH; 
!************************************************************************************************** 
! Restore the QF, QD settings 
!QF,K1 = QFK0; QD,K1 = QDK0; 
! 
select,flag=TWISS,clear; 
select,flag=TWISS,column=name,s,x,y,betx,bety,mux,muy,dx,dy,k1l,k2l,l,angle,px,py,dpx,dpy,alfx,alfy; 
TWISS,deltap=0.0,file='twiss_reso.out',sequence=RING; 
q1b=table(summ,q1)-36.0; 
q2b=table(summ,q2)-30.0; 
} 
idx = idx + 1; 
system, "bc < twiss_reso.out >>skewquad_bc_1.00mrad_sum.out"; 
}; 
stop; 



p32err.dat file 

sd=2.0; 
!define dtheta before calling this 
EOPTION,add=false,SEED=sseed; 
SELECT,flag=ERROR,CLEAR; 
SELECT,flag=ERROR,CLASS=PQL,pattern="^q"; 
ealign, dpsi:= dtheta * 1.0E-03*tgauss(sd); 
SELECT,flag=ERROR,CLASS=PQL,pattern="^q",CLEAR; 
; 
SELECT,flag=ERROR,CLASS=PQK,pattern="^q"; 
ealign, dpsi:= dtheta * 1.0E-03*tgauss(sd); 
SELECT,flag=ERROR,CLASS=PQK,pattern="^q",CLEAR; 
; 
SELECT,flag=ERROR,CLASS=QA1,pattern="^q[^s]"; 
ealign, dpsi:= dtheta * 1.0E-03*tgauss(sd); 
SELECT,flag=ERROR,CLASS=QA1,pattern="^q[^s]",CLEA
R; 
; 
SELECT,flag=ERROR,CLASS=QA1M,pattern="^q"; 
ealign, dpsi:= dtheta * 1.0E-03*tgauss(sd); 
SELECT,flag=ERROR,CLASS=QA1M,pattern="^q",CLEAR; 
; 
SELECT,flag=ERROR,CLASS=QA1H,pattern="^q"; 
ealign, dpsi:= dtheta * 1.0E-03*tgauss(sd); 
SELECT,flag=ERROR,CLASS=QA1H,pattern="^q",CLEAR; 
; 
SELECT,flag=ERROR,CLASS=QA,pattern="^q"; 
ealign, dpsi:= dtheta * 1.0E-03*tgauss(sd); 
SELECT,flag=ERROR,CLASS=QA,pattern="^q",CLEAR; 
; 
call, file=esave.file; 
return; 

 if((index(mon(1:1),'Q').gt.0) .and. (index(mon(1:2),'QS').eq.0))then 

             i = i+1 
             Dtheta=2.0*dpsi(i) 
             realK =((rk1l*Dtheta*& 
                            dsqrt(rbx*rby)*dcos(2*pi*(rmx-rmy-p)-(rs*Dtune/R)))/(2.0d0*pi)) 
             rKapaQ=rKapaQ + realK 
             imgK = ((rk1l*Dtheta*& 
                            dsqrt(rbx*rby)*dsin(2*pi*(rmx-rmy-p)-(rs*Dtune/R)))/(2.0d0*pi)) 
             iKapaQ=iKapaQ+ imgK 
             csumQ   = csumQ +((rk1l*Dtheta*& 
                            dsqrt(rbx*rby)*cexp(cmplx(0.0,2*pi*(rmx-rmy-p)-(rs*Dtune/R))))/(2.0d0*pi)) 
             sumQuad3=sumQuad3 + rbx*rby*(rk1l*Dtheta)**2/(4.0d0*pi*pi) 
 
      endif 
      if(index(mon(1:2),'QS').gt.0) then 
! Skew quadrupole strength sign is changed w.r.t. MADx as the rotation angle is -pi/4 in sequence file 
           rKapaSQ=rKapaSQ+((sign * rk1l*& 
                            dsqrt(rbx*rby)*dcos(2*pi*(rmx-rmy-p)-(rs*Dtune/R)))/(2.0d0*pi)) 
             iKapaSQ=iKapaSQ+((sign * rk1l*& 
                            dsqrt(rbx*rby)*dsin(2*pi*(rmx-rmy-p)-(rs*Dtune/R)))/(2.0d0*pi)) 
             csumSQ   = csumSQ +((sign * rk1l*& 
                            dsqrt(rbx*rby)*cexp(cmplx(0.0,2*pi*(rmx-rmy-p)-(rs*Dtune/R))))/(2.0d0*pi)) 
endif 

Betatroncoupling.f95 file 



Simulation with 1mrad random Dy errors 
CASE - 1 
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Simulation with 1mrad random Dy errors 
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Simulation with 1mrad random Dy errors 
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Simulation with 1mrad random Dy errors 
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Simulation with 1mrad random rotational errors 
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Simulation with 1mrad random rotational errors 
Real and imaginary parts of |-| 
Random Number 54008300 
Vector Wq from quadrupoles rotational errors 
Vector Wsq compensated using skew quads 
QS1 and QS4 



Simulation with 0.5mrad random Dy errors 
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Simulation with 0.5mrad random Dy errors 
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Simulation with 0.5mrad random Dy errors 
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Simulation with 0.5mrad random Dy errors 

-0.02 -0.01 0.00 0.01 0.02

0

50

100

150

200 |
-img

|
rms

 = 0.005329

N
o

. 
o

f 
E

v
e

n
ts

Imaginary Part of Dy rotational Error

-0.02 -0.01 0.00 0.01 0.02

0

50

100

150

200

|
-
|

QS
 = 0.006585

|
-real

|
rms

 = 0.004259

N
o

. 
o

f 
E

v
e

n
ts

Real Part of Skewquad Correction

After Correction using Skew Quads QS1, QS4

-0.02 -0.01 0.00 0.01 0.02

0

50

100

150

200 |
-img

|
rms

 = 0.005022

N
o

. 
o

f 
E

v
e

n
ts

Imaginary Part of Skewquad Correction

-0.02 -0.01 0.00 0.01 0.02

0

50

100

150

200

|
-
|

Dy
 = 0.00706

N
o

. 
o

f 
E

v
e

n
ts

Real Part of Dy rotational Error

All quadrupoles are misaligned with

Dy = 0.5mrad, 5000 sets of random numbers

|
-real

|
rms

 = 0.004631



Simulation with 1mrad random Dy errors 
CASE - 3 

Difference Resonance Point : (36.255, 30.255) 
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Simulation with 1mrad random Dy errors 

0.235 0.240 0.245 0.250 0.255 0.260 0.265 0.270 0.275 0.280

0

100

200

300

400

500

N
o

. 
o

f 
E

v
e

n
ts

Vertical Fractional Tune

0.235 0.240 0.245 0.250 0.255 0.260 0.265 0.270 0.275 0.280

0

100

200

300

400

500

600

N
o

. 
o

f 
E

v
e

n
ts

Vertical Fractional Tune

0.230 0.235 0.240 0.245 0.250 0.255 0.260 0.265 0.270

0

100

200

300

400

500

N
o

. 
o

f 
E

v
e

n
ts

Horizontal Fractional Tune

All quadrupoles are misaligned with Dy = 1mrad

5000 sets of random numbers

Driving to a resonance 

(36.255, 30.255)

0.230 0.235 0.240 0.245 0.250 0.255 0.260 0.265 0.270

0

100

200

300

400

500

600

Driving to a resonance line

N
o

. 
o

f 
E

v
e

n
ts

Horizontal Fractional Tune

After Correction using Skew Quads QS1, QS4



Simulation with 1mrad random Dy errors 
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Simulation with 1mrad random Dy errors 
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Skew Quadrupoles in PETRA III – QA1 Type 
# Erregungskurve QA1 Nr. 75   
# Massage bis 120 A, Messplatz West,  MK 1500/16 
#  
# Korrekturfaktor (Hall/Spule) 1.021800 
# Korrekturfaktor (MW/REF)  1.000324 
#  
# I (A) gdl (T) gdl k (T)  
0 0.007779 0.007951  
5 0.061666 0.063031  
10 0.116686 0.119268  
15 0.171603 0.175401  
20 0.226984 0.232007  
30 0.337697 0.345171  
40 0.448570 0.458497  
50 0.559590 0.571974  
80 0.893786 0.913566  
100 1.116980 1.141700 
110 1.228412 1.255598 
120 1.340186 1.369846 

𝐵𝜌 = 20.01384 𝑇. 𝑚 at 6.0GeV 

At 5A, from measurements  
𝑑𝐵

𝑑𝑥
. L = 0.061666 T 

k.L = 
1

𝐵𝜌

𝑑𝐵

𝑑𝑥
. L = 0.061666/20.01384 = 0.0030811 𝑚−1 

For 1A, k.L  will be  0.00061622 𝑚−1 
 

Set Current I(A) = 
𝑘.𝐿

0.00061622
 

For k = 0.0048 𝑚−2, L = 1.0426m 
Required QS set Current = 8.12A 
 


