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Five Big Issues (FBI)

1. Injection and Touschek background
H. Nakayama et al.

2. SR from QC1/QC2

H. Nakayama et al.

3. Collimator
Y. Suetsugu et al.

4. Machine error and optics correction
Y. Ohnishi et al.

5. Beam-Beam interaction (inc. continuous
iHjECtiOII, lBumP FB) N. Iida, Y. Funakoshi et al.
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4. Machine error and optics correction



Five Big Issues (FBI)

4. Machine error and optics correction

* 4-1 Measurement of x-y coupling

* 4-2 Measurement of dispersions

* 4-4 Optics correction scheme



1. Optics measurement based on closed orbit distortion(COD) can be
used at low beam-current and non-collision condition. No
fundamental difficulty is found at KEKB except for a time-
dependent of orbit fluctuation.

2. Alternatively, it 1s possible to measure optics at high-beam current
by using a single-pass BPM when small betatron oscillation 1s
induced by an exciter. If the measurement of a non-collision bunch
among many bunches is possible, the optics measurement 1s
feasible during a collision condition. Rotation error of exciter along
the beam-axis does not affect x-y coupling measurement at the first
order(advantage over the COD-based measurement).

3. The COD-based measurement will be used as well as single-pass
BPMs, especially beginning of the commissioning or until single-

pass BPMs are ready:.



4. Besides the optics correction, stability of the optics during
correction to correction 1s necessary. The optics correction had been
performed once every two weeks at KEKB.

5. Error tolerance without optics corrections 1s indicative for the
requirement of short-term stability at least.

. drifting field strength of magnets, magnet misalignment, closed-
orbit-distortions, and so on.

6. The coupling parameter 1s one of the most important parameters in
the nano-beam scheme.
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4 ERROR TOLERANCE (1) ...

l1.Rotation error of normal quadrupoles
2.0rbait offset of sextupoles
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4 ERROR TOLERANCE
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4 ACCEPTABLE ERROR TOLERANCE

Stability limit without optics corrections
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% The canonical momenta normalized by a design
momentum are defined by:

5,
25 po

B, Ap
=y ¢ x 0= —
Y y = ( )y 2B 0, e

s (1+5)x/ s

.
—

it The canonical variables can be expressed as:
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; hvysical coordinate
coordinate PRy
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% In the case of H-mode(v=0, py=0):
T = uu
Ds = [P
Y= —T1U — T2Dy + Zamcosﬁm

Vertical betatron oscillation
due to rotation error of
exciter along the beam-axis
or x-y coupling is insensitive

Py = —T3U — T4Py + g bn COS gbm to the measurement.

2 1 2

<xy>=—pu(ri <u>4ro < up, >)=——(r1 < x° > 41y < TP >)

[
2 1 2

< pry > = —p(r1 < upy > +re <p, >) = —;(n < TPy > +re < Py >)
2 1 2

< TPy > = —lrs < u° > 4rs < upy, >):—;(r3<x > 413 < TPy >)

1

< PePy > = —(r3 < upy > +r4 < P2 >) = —;(7“4 e IR o

L e
e e R
where =
L i )
< PzDy > M T4
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Correlation matrix method



4-1 X-Y COUPLING: SINGLE-PASS BPM

u —ry T2 s Na ]
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3¢ In the case of H-mode (V=O, PV=O>:

A VLT
Pz = HUPu
U= ol LU 9Dy
Py = —T3U — 4Py

A

% The x-y coupling parameters are derived as:

1 g S <Xy >
(7“2)_ i (<pa;y>> @u:<x2>
e A Vdet X
= L FDp
T4 <paipy > =
vdet X

e il S D
e s S e
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Ref. Phys. Rev. SP-AB, 12, 091002 (2009)
K. Ohmi et al., Proc. of IPAC’10



% In the case of V-mode(u=0, pu=0):

Y = pv
Py = HPy
L = T4V — TIopy

Pz = —T3V + T1Dy

A

% The x-y coupling parameters are derived as:

T4 i Mz_l s> )

—7T9 Vgl e < y2 =

Sl e Mz_l < YPg > i vdet X

1 < PyPx = __< YDy >
4 vdet X

R

= ( :
= e

Ref. Phys. Rev. SP-AB, 12, 091002 (2009)

K. Ohmi et al., Proc. of IPAC’10
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A

% px and py 1s calculated by using two BPMs:

To (04331 COS Yy 21 )
Pzx1 — : o 9= z X1
V Bz1 B2 SN Yy 21 Br1  Bz1Sinyy o1
e Y2 (ozyl i COS Py 21 ) -
I8 ¢ e, B : 1
: \/ 5y15y2 S111 ¢y,21 5y1 5y1 S111 ¢y,21

A

% Here, assumed that transfer matrix between location 1 and 2 to calculate p«
and py. Design values of phase advance and Twiss parameters are used.

\I
N

2
I\

Alternatively, in the general form:

/ mi11 M1z M13 Mi4 \
o o mo1 Moz 1TN23 1M24g =
CUZZMxl M= x:(xapazvyvpy)

m31 MmM32 MM33 1134

\77141 M42 1143 m44)

—1
e e I D e Lo SN i s st 2 TS L1
Dy m32 1M3q Y2 m31 M33 Y1




Tracking simulation: HER lattice

* Single particle / Free oscillation

No radiation damping

* Synchrotron oscillation

% 2000 turns

¢ Excite oscillation/ H-mode

% Assumed that p=1, then solve iterative procedure. (not found p?<0 in
this simulation)

* Number of BPMs 1s 160 for the measurement 1n a ring.

* Coupling source: vertical displacement of sextupoles and rotation of
quadrupoles: 0ay = 100 pm for sxtupoles, 6ap = 0.1 mrad for

quadrupoles
17



4-1 MONITORS (HER ARC CELL)
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4-1 MEASUREMENT OF X-Y COUPLING

x-y coupling due to machine error
r1=-0.1392, r2=-0.8139, r3=0.0097, r4=0.0383 @ OD3E.3

2000 turns

green dot: raw data

Dol = 1X1()-9 m red: correlation method
r2= -.8228 I §
X10 DA KB BN R4 MOEEH ;
: N
_/'/' :
E.' =
.;- ) ._‘}-,‘, —-!;
:
E
e s N
N v RS
) ,:I.': foanet 5
E|
o - : ¥
.
H - -
o =
2 | ,‘-]._’_ + + |
A5 3
B
15 _i
1 =y
) 09 1

QOD3E.3

The slant of ellipse corresponds to xy-coupling.
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4-1 AMPLITUDE DEPENDENCE (MONITOR:QD3E.3)
BP M reSOIUtion (jitter cIrr OI‘) different random seeds
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% Dehnition: one-turn transfer matrix (4x4), 7:

NA X
N 3

w7 )6 5l

A
K\

3 T T
T:V_lUV:(uI SRS)(gl g)(m SRTS

Mo Pt o 0 1 ok 1
e o el

A = 1cosy, + J,siny, B =1 cosy, + J, sin,

J o Qu,v 511,,1}
e,
_qu,fu _au,v

(Cn C12>:< T4 —7“2> ey
Ca1 Cao ot 1

21



\I2
N

’(170 == Vf() - (UO, O, O, O)T

T = R A i e A b VA — e T

T =|puo | vV1+ o3 (1)

= i \/7”% S e s 2)

tan Ag, = tan(d; — d2) =
From Eq. (1)~(3):
rT = —U (g) (COS AQbu + Qy, SIn A¢u)
2 u

3

ro = — [l (%) By sin Aoy,

% ro and r4 can be obtained by a similar way of V-mode.

% In the case of H-mode excitation, we observe x and y position at a BPM:

D. C. Sagan, D. L. Rubin et al.

Ref. CBN 96-20
Proc. of PAC2003, p.2267
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% Alternative explanation for the case of H-mode excitation,
<z >=p < u?>=p*J, b, (1)

XY > = ,u(—rl < u? e e <UD >) — T (7"1 e 6—7’9) (2)

2
L S peAa
2 2 2 2 2 2
< = e Lo U e T P (3)
5 : o - 2 2 {'u <t o ﬁu}

From Eq. (1)~(3):

o = T )
R ﬁ—zrz o= ,LL< a:g > r = —U (%)u (cos A, + o, sin Agbu)
<2 ><y?>—<gy>2 |~ 0 :
— e e w Sin Ay,

Al

ws

Iz can not be measured by this method, Px and Py are necessary.

Al

Ny

Both CESR method and correlation matrix method are applicable in the
SuperKEKB lattice except for rs.

93 H. Fukuma, K. Ohmi
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4-1 METHOD AT CESR

Effect of BPM resolution

Put BPM error 0,=0,=0.0001m

100 trials at each point.

Error bar shows rms.

Extrapolate the result to 0 amplitude (blue line).

Effect of BPM resolution

v v
“u sigxy res” y 1:2:3
“u_res” u 1:2

R1

Flx) ———

0,0002 0.,0003 0.0004
u mode gl itudeis)

uo amplitude (m)
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0.00(
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TL T
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o 2.5} S
-3
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0,0001 0,0002 0,0003 00,0004 0,0005

H. Fukuma

Effect of BPH resolution

“wres” u 1:3

fix)

r T
“u_sigyres” u 1:4:5 ot

u mode anplitude(n)

uo amplitude (m)
R2=-2.596+0.280

0,000



Excite H-mode
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0,008

0,006

0,004

RL

0,002

0,002

4-1 METHOD AT CESR

Effect of BPM rotation error

Effect of BPH tilt

T

R1

*tilt_u_no_coupl _res” u (($1)*1000):2 -+

-

Excite v mode

0.008

0,006

0,004

0,002

R4

0,002

4 [ 8 10 12
rotation aale of EPN(srad)

Rotation angle (mrad) |

Effect of BPM tilt

R4

*t1lt_v_no_coupl_res” u (($1)*1000):2

e i A

4 6 8 10 12
rotation anle of EPM(arad)

&
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=0.0125 p
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-0,015
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-0,0185

-0,017

H. Fukuma

Effect of BPM tilt

R2

3
3

"tilt_u_no_coupl _res® u ((51)°1000):3 -+

Rotation angle (mrad)

A

4 6 8 10 12

rotation angle of BFM(nrad)

Rotation angle (mrad)

Effect of BPM tilt

R2

T
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 Dispersion

U, Doy Uy Py ) decoupled coordinate
LRy

T D) physical coordinate

(
(
(
|

My = Ry = (" Mpus N> Mpv)  decoupled dispersion
She e N, Mpz y> lpy) — physical dispersion
i + Rify09 = RTo R 1s a x-y coupling matrix

S e

T e A measured dispersion 1s a physical dispersion

COD based measurement uses a change of RF frequency
it N

eEmE
In the case of single-pass BPMs with RF kick,

Npx and My can be estimated by using two locations

=
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Corrector:

1. Vertical offset of sextupoles generates both x-y coupling and vertical
dispersion(contamination of horizontal dispersion via x-y coupling).

2. Skew quadrupole windings of sextupoles(equivalent to sextupole offset,
need to evaluate higher order multipole field).

Primary method:
x-y coupling and vertical dispersion are corrected simultaneously.
H#sext
Arn,i = Z MZ(;L)ASKU W= 1,2,3,4
=1 : :
%Zsext M;; and Nj; 1s a response matrix calculated
N Z Ny, ASK:, by using a design lattice
j=1 SK{ is a strength of skew quadrupole field

Partial correction:

1. x-y coupling correction(ri-r4) only
2. one of x-y coupling parameter, r2 and vertical dispersion

rs 1s insensitive to BPM rotation along the beam axis. 2



4-4 OPTICS CORRECTION

K. Egawa

Q or skew-Q field excited by sextupole correction coils

Q configuration skew-Q configuration
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4-4 MACHINE ERROR

Assumption in this simulation

* measurement at KEKB

misalignment Oy (pm) tilt (mrad)
Sextupoles
(SD/SF) 1 :
Quadrupoles 0 0.1°"
(normal magnet)
BPM 0 sli0
BPM resolution No gradient error of magnets

position resolution

due to jitter error Oxy (pm)
BPM (single-pass mode) 50, .725140
BPM (average mode) 25
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20

10

4-4 TILT ANGLE OF

QUADRUPOLES

M. Masuzawa et al.

Measurement of tilt angle along the beam axis at KEKB

"LER

01 0 0.1
LER Tilt {mrad)

Entnes 458
Mean 0.1830E-01
RMS 01035
¥/ ndf 2908 7 24
Constant J4 66
Mean 0.1972E-M
Sigma 0.1041

02 03 04 05

70

60

50

40

30

20

10

—

HER

02

01 0 01

HER Tilt {mrad)

09 = 0.07~0.1 mrad for quadrupoles
32

Entnes 458
Mean -0.2722E-02
RMS 0.7681E-01
¥/ ndf 3571 /7 25
Constant 33981
Mean -0.4852E-02
Sigma 0.7325E-01
.
02 03 04 05




4-4 BEFORE CORRECTION

No BPM error

#BPMS
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I']
ro (m)
r3 (1/m)
r4
Nx (m)
My (m)

SK; (1/m)

4-4 AFTER CORRECTION
No BPM error #BPMs =160
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4-4 CORRECTION PERFORMANCE

AV

T
S I
A

N o BPM error Error source: SD and SF vertical offset + tilt of Q / Corrector: SD/SF skew Q windings
025 T TITIT v
Error source: SD and SFv _ \\ \
53
12 T . bt
5 02 \r -
b= |
s
S E
< 10t =
o .g 0.15 -
= z tentative target
.g ol -‘E (arbitrary)
J— : 0.1 p -
< =
= 3
o = .
< | g correction of ri~r4 and 1)y
S °r E 0.05
P g 7’ zoom |
- = Lattice design
.S_.g ’ a4 no BPM emor —¢—
E 4 - :.: average —f——
5 ’) 0 | 1 1 1 1 |
Z o3\ 0 1 2 3 4 5
o
=
=
a4

SCTRS
Wesr e sV

#iteration procedure
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4-4 BPM RESOLUTION AND TILT

#samples = 25 for each point (error bar: standard deviation)
of common SD/SF/Q misalignment after 5 iterative procedures

Error source: SD and SF vertical offset + tilt of Q / Corrector: SD/SF skew Q windings

0.2 | I | | | |
correction of ri~r4 and 1)y
)
~
L
2
= 015 F T -
=
= X
=
= )
< I
oyt ><
= 01} -
<
2
=
-
—  0.05} -
)
ke Lattice design
= No BPM tilt &
= BPM tilt = | mrad -}
BPM tilt = 10 mrad /-
O | | 1 | 1 |
0 20 40 60 80 100
H-mode . .
3 BPM jitter error (micron)
2Jdx=5x10°m
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4-4 CORRECTION PERFORMANCE

HOWw IS CORRECTION OF X-Y COUPLING ONLY ?

No BPM error

Error source: SD and SF vertical offset + tilt of Q / Corrector: SD/SF skew Q windings

l ' l l Lattice dcsignl
— 2| & x-y coupling and vertical dispersion N\ -
§ x-y coupling(rl 213 rd)only  []
L x-y coupling(r2)+vertical dispersion h4
E
E 15f E
'a‘ [ ] [ ] [ ]
5 initial ,
= increase €,/€ to level of 0.75 %
= 1 €rror -
o
3 ! [ [ (]
B
s 03¢ ro and 1)y correction is similar to -
z full correction
2
2 25 2
0 ! | L I !
0 1 2 3 4

# iteration procedure
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Transverse aperture (sigma)

4-4 DYNAMIC APERTURE

100 samples:

Sextupole 0ay = 100 micron / Q tilt 6ag = 0.1 mrad
BPM jitter error Oxy = 50 micron / BPM tilt 6ag = 1 mrad;

i

Before correction

Error source: SD and SF vertical offset + tilt of Q / Corrector: SD/SF skew Q windings
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Momentum deviation (sigma)

00/0s

After correction

Error source: SD and SF vertical offset + tilt of Q / Corrector: SD/SF skew Q windings
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14 - En |
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Momentum deviation (siema)

00/0s

Degradation of dynamic aperture 1s improved by the correction

of x-y coupling and vertical dispersion.
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4-4 DYNAM]C APERTURE

IOO samples
Sextupole 0ay = 100 micron / Q tilt 6ag = 0.1 mrad
BPM jitter error Oxy = 50 micron / BPM tilt 0ap = 1 mrad

Error source: SD and SF vertical offset + tilt of Q / Corrector: SD/SF skew Q windings

1000

Belore corr¢tion
Alter corr¢tion

900 |- ' | !
800 | | '. | .

700 b Larger coupling makes

+ | R T longer lifetime even if
600 | i+ T & L A : i .

f’ ; S S dynamic aperture is small

g b A i L

+4-

500

Touschek lifetime (sec)
1

400
%m :

3oo<1f |

200 + .

100 =4 . . . .
0.1 1 10

Ratio of vertical to horizontal emittance (%)

Distribution of Touschek lifetime is widely scattered after the
correction of x-y coupling and vertical dispersion.
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4-4 REQUIRED FILED STRENGTH
OF SKEW QUADRUPOLE WINDINGS

Requirement of field strength: SKj = +5x10-3 m-!

800

700

600

500

400

#HEntries

300

200

100

_iIJ__L—l

D L 12345

. | Entries 10400
o ens Lo Meando 0.5518E-09..
. | RMS : 0.6310E-03

.......... ¥/ndf 6859 / 79
| 3353 N Constant.......... ... 5457
i Mean : 0.6303E-05
U a083E- 03

...................................................

.................................................

~-l—l|_l_ll_l

-0.004 -0.003 0002 | 0001

00001 00605 5005 0.004

SKi (m)

104 samples x 100 sextupoles
n HER
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4-4 EFFECT OF SKEW OCTUPOLE FROM
SKEW QUADRUPOLE WINDINGS

Ax |l o,

Skew octuples OFF

Touschek Lifetime: 586.8 sec

Uy - e fr——

al1: 11.0000 b11: 103709 a12: 89363 b12: 96523 (625467 sec)
a21: 10.7453 b21: 7.9083 a22: 99359 b22: 94406 (552620 sec)

Skew octuples ON

Touschek Lifetime: 532.2 sec

At/ o,

al1: 11.0000 b11: 10.3709 a12: 106904 bi12: 11.3137 (774.289 sec)
a21: 7.1851 b21: 9.0885 a22: 9.7980 b22: 7.5895 (405430 sec)

Effect 1s about 10 % for Touschek lifetime.
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4 SUMMARY

Al

s Specification for single-pass BPM to achieve target emittance ratio:

standard deviation

50 pm Better

BPM resolution 7k s o
(Jitter error)
100 pm Acceptable
1 mrad Insensitive to the
BPM tilt ;
e correction for global
3 10 mrad coupling
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@ x-y coupling and vertical dispersion correction

l. x-y coupling measurement

V'
Ny

A
7

* multi-turn method (H-mode)

A

st Position resolution smaller than ~100 micron for single-pass BPMs

satishies the requirement of tentative target of €,/€x = 0.15 %. (with
considering margin of 0.25% in HER, 0.27% in LER)

2. Dispersion measurement

¢ RF-frequency method (COD-based) is used tentatively.

Al
I\

Position resolution of BPMs (average mode) 1s assumed to be 2
micron. This resolution 1s enough.

Al
I\

The worse case of 5 micron 1s acceptable to correct the global X-y
coupling and the vertical emittance.
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@ x-y coupling and vertical dispersion correction
3. Simultaneous correction of x-y coupling and vertical dispersion
¢ No fundamental ditficulty

4. Performance of x-y coupling correction only

¢ Emittance ratio, €,/€x 1s reduced from 2 % to ~ 0.75 % (typical
example).

5. One of x-y coupling parameters, r2 and vertical dispersion

A

2 It seems to be similar to all x-y coupling parameters and vertical
dispersion(need to check various machine error)

% Both correlation matrix method and CESR method

Oy, <E T
¢ Advantage: e e e
R S 1 o P Y
a. The ro parameter 1s insensitive to the BPM tilt. il “\/ < x2 >2

b. No necessary of transfer matrix between two BPMs(p-function is necessary)
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@ Dynamic aperture (Touschek lifetime) after optics corrections

@ Higher-order multipole field due to skew quadrupoles winding of sextupoles
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4d-1 BPM TILT (MONITOR:QD3E.3)

sXeXe) Figure 0
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No BPM erro

4-4 CORRECTION PERFORMANCE
OFFSET AND SKEW Q ELEMENT

iooo

r

000 o2 : :
A Lattice design
—_ Corrector: SDVSF vertical offset }
S Corrector: SD/SF skew Q windings  /\
No BPM error 9
: ~ £ o5
E tentative target of correction
— 2 [~ ‘._'.5
S z
~—’ ]
S T 01} A A A
5 .
= = $ 4
= -
g 1.5} 3
£ 5
g . o o = 0.05 |
S mnitial P
= =
< 1t &
= error
.C_'G O ! | 1 1
2
5 0 1 2 3
> # iteration procedure
= 05} E
2
=
a A
| . A A A
0 | | 1 | 1
0 1 2 3 4

Figure O

No BPM error / Error source: SD and SF vertical offset + tilt of Q

# iteration procedure
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SEXTUPOLE OFFSET
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