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Traditional dispersion measurement
- Measure orbit
- Change ring energy (OE/E = (of ¢/f,p)/0L; )
- Measure again. 1, = Ax/(0E/E)

“AC” dispersion
- Drive an energy oscillation by modulating the RF phase at the
synchrotron tune
- Measure the phase and amplitude of the vertical and horizontal signal at
cach BPM that is oscillating at the synchrotron tune
- Use the phase and amplitude information to reconstruct vertical and
horizontal dispersion

Advantages:
1. Nondestructive
Use a signal bunch to measure dispersion without disturbing all of the other
bunches in the ring
2. Fast - Changing the ring energy via the RF frequency is slow, especially
with high Q cavities
3. Better signal to noise (Filter all but signal at synch tune)
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“AC” dispersion

Note that dispersion is z-x and z-y coupling
Use transverse coupling formalism to analyze dispersion

Review of transverse coupling formalism and measurement

T=VUV-! (T is 4X4 full turn transport, U is block diagonal)
propagates the phase space vector (x,x”,y,y’)

_| A C =_ | B
V_[—C+ ﬂ] C=G,'CG, G-

In the absence of coupling, C=0, V=I,y,, U=T
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To measure x-y coupling

Drive beam at horizontal [a-mode] (or vertical [b-mode]) frequency.

The beam responds resonantly

Measure x and y amplitude and phase of the a-mode (b-mode) at each BPM

Finite y,,,, indicates coupling

" The relative phase tells us something about its source

We find that: Ci= Yamp sin(@, — @, )

amp
If we drive the b-mode we can extract C,,
Note: C,,is insensitive to BPM tilts

If there 1s no coupling, but a BPM is tilted,
theny,,,#0, but o, =¢,—> C,=0

Co = i’amp cos(9, - 9,)

amp
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To measure x(y) - z coupling

Construct the matrix that propagates x-z motion. Again
T=VUV! (T is 4X4 full turn transport, U is block diagonal)

But here T propagates the phase space vector (x,x’,1, 0) [or (y,y,1, 0)]

As before we can write:

v | A C ~_ -1 _( \/E 0 )
V_[—C+ 74] C=G, CG, G_k—a/x/ﬁa 1/\/,B:J

Here, the a-mode corresponds to horizontal[vertical] motion
and the b-mode is synchrotron motion
Now C=0 — no coupling of longitudinal and horizontal motion,
That is, zero dispersion
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[t turns out that n the limit Q, —0

Cip(z-x) =1, Cyy(z-x) = N,
Cia(z-y) =1y, Cpl(z-y) = n'y
Drive beam at synchrotron tune (z-mode)
Measure X, y (and z?) amplitude and phase at each BPM

Then as with transverse coupling

—~ X . . . . .
Ci =—"sin(p, — @,) Is related to the horizontal dispersion according to

p C=G.'CG, ~mi®,By)"

=  Yamp .
Cp = Zamp sin(@, — @,) to the vertical dispersion (1)
p
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e Simulation of “AC” dispersion measurement

bmad_ctf_2007020.lat wIlelvkickI=0.0005 z-node all sexts O

0-8 T T T T T T T T T
Introduce a vertical kick into oel ol iz ——
CesrTA optics to generate vertical . B
dispersion Ar p L 1
0.2 | i i X 4 4 % _ i
-Drive synchrotron oscillation by ]
modulating RF at synch tune h ) 1
. . —o.d | y
( In the simulation: apply an
. _0-6 1 1 1 1 1 1 1 1 1
energy kick modulated at synch 0 10 o s @ % 6 w8 om0 100
tune) and track for >30k turns 2 3 1 ' ' ' ' T pp—
> b o1 CE%? .
CNMNaacrirr’ xrartinal O lhAawrirantal 1.5 1 " 7
= 1lviCad>ulC YVviluladl & 11U112011ldl
amplitudes and phases of synch ol 1
tune signal at BPMs ool ‘ 1
0 e 1 v E
- Construct C12 o, 10 2 " " % 0 2 % % 100

“measured c¢,,” - 30k turn simulation
“model c,,” - Model y-z and x-z coupling
“model eta” - Model dispersion
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We measure x,,,, and ¢, y,,, and ¢, | | |
But we are unable (so far) to measure z,,,, and ¢, with sufficient resolution
Longitudinal parameters come from the design lattice

(Perhaps with new BPM system we will be able to extract ¢, from 2f)

Zamp = V(@,p,), 13m < B, < 14.6m (CesrTA optics)

—> Z,mp 18 Very nearly constant - there is an overall unknown scale (a,)

0<¢,<36°.
We compute ¢, from the design optics at each BPM
- there 1s an overall unknown phase offset (¢,)

- Determine a,, ¢, by fitting x - data to model horizontal C,,
- Then use fitted parameters to determine vertical C,,
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“AC” dispersion measurement

data v3le=200cu

data v3le=200cu

ref: v3le=0 ref: v3le=0
Horizontal Orkit (mm! [Data - Ref] Horizontal Orkit (mm! [Data - Ref]

4. 21-Jun-08 22:00:29 4. 21-Jun-08 22:00:29

. EWIG_NOSOL_BNM_2085 . EWIG_NOSOL_BNM_2085

2. Dat: butne.l17527 2. Dat: butne.l17527

T o la B . g _|Ref: butns.117526 T o la B . g _|Ref: butns.117526

0.8 e o - EEFUICESR Set: 124729 0.8 e o - EEFUICESR Set: 124729
Route: Route:

“2. RMZ% = 0.152 “2. RMZ% = 0.152
Lverage = 0.022 Lverage = 0.022

-4, -4,

o 10 20 30 40 50 &0 70 g0 S0 100

Vertical Orkbit (mm: [Data - Ref]

10 20 30 40 50 &0 70 g0 S0 100

Vertical Orkbit (mm: [Data - Ref]

4. RM& = 2.075 4. RM& = 2.075
¥ . ﬁ H ﬂﬂ r\ Average = -0.302 ¥ . ﬁ H ﬂﬂ r\ Average = -0.302
T AW AN VI R LAY AN A AV A
ALY RS AT RITIA ALY RS AT RITIA
. g i . g i
' L& | \l ¥ Wit W{ . L& | \l ¥ Wit W{
-4. 3 -4. 3
0 #10  zo 300 40 50 80 70 50 S0 100 10 zo 300 40 50 80 70 50 S0 100
Horizental Dispersien (m! [Data - Ref] KHorﬂzon&Fl Dispersigpn (mt [Datakﬁmﬁﬁfﬂed*

4 2005- JUN-21 20:43:10 0. E 2005- JUN-21 20:43:10
Eta_z GWIG NOSOL GNM_2085 Eta_z | | GWIG NOSOL GNM_2085
B Dat: eta.57411 0.4 Dat: eta.57411

- T o lem | _|ref: eta.57410 F Ref: eta.57410
i il s T |CEER Set: 124729 0.9 \l & CEER Set: 124729
RME = 0.174 RME = 0.174
Average = 0.002 -0, v v ! }L \ F f I}L}werage = 0.002
-4 -0. i 4
o 1o 20 30 40 50 &0 70 g0 90 100 10 20 30 40 50 h 50 WU L“!BD o)flou
Wertical Dispersion [(m! [Data - Ref] Wertical Dispersion [(m! [Data - Ref
q RME = 0.045 0. RME = 0.045
Eta_v| Average = -0.01L1 Eta_v| Average = -0.01L1

o 10 20 30 40 50 &0 70 g0 S0 100

0.
0.9
R /—0.
-4 \ -0.

A | oma on ML 4
T WV ki

10 20 30 40 50 &0 70 g0

Same data - different scales

Change vertical steering 31e +200cu and measure orbit and “ac”’dispersion (data).
Restore vert 31e to zero and remeasure orbit and dispersion (ref)
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“AC” and “DC” measurements

data v31le=200cu
ref: v3le=0

Horizontal Orbkit (mm! [Data - Ref]

4 21-Jun-08 22:00:29
Z EWIG NOBOL_SNM_2085
2. Dat: butns.l17527
0
2
P

Ref: butns.117526

= | - e el o g - -
N o f e

CESR Set: 124729
Route:

RME = 0.152
Lverage = 0.022

S0 100

o 10 20 30 40 50 &0 70 g0

Vertical Orkbit (mm: [Data - Ref]

T ~In }j P T

T R 2L A R AR

F Yy TRIANIL R
i S A [ \NF

S0 100

aﬂﬁ
| ]
F—n-]
lo—
Fa

B oo Y

o 10 20 30 40 50 &0 70 g0

kil EHorﬂ.zo gl Dispersipn (m! [Datek'[-lmﬁﬁfﬂed*
20058-JUN-21 20:49:10
o BWIG_NOSOL_GNM_2085

\ /

VALl ler ] e V31T TR 2ot
FARYR BT B A ety
v U }L \ \f ])LRVEHGE— 0.00z

o [u] 10 20 30 40 50 g a0 wﬂ]ﬁ[ﬁﬂ A‘Ulrlﬂﬂ
Vertical Dispersion (m! [Data - Ref]
0.3 RM& = 0.045
Eta_v| Average = -0.011

NN .
' VT MY Ll

o 10 20 30 40 50 &0 70 g0 S0 100

“ac” dispersion

(same as last slide)

data: v3le=+200cu
ref: v3le=0 DC

Horizontal Orbkit (mm! [Data - Ref]

4. 21-Jun-08 20:26:34

. GWIG_NOBOL_BNM_2085

2. Dat: butns.l17519

cml ol o Rooola ,H_jﬂm g p|Ref: butns.117525

0.4 = T = F=FCESR get: 124729
Route:

S2. RME =  0.455
Lverage = 0.0585

-4,

o 10 20 30 40 50 &0 70 g0 S0 100

_Wertical Orkit (mm: [Data - Ref]

4. RME = 2.149
T ﬁ H ﬂﬁ _ ﬁ& F % ﬁ Average = -0.340
2. o
R LYW AN AN AVIITS
A ALY {RGRY SR R
-2.
TR R
4. i 3
o 10 20 30 40 50 a0 70 g0 S0° 100
Horizeontal Dispersion (m! [Data - Ref]
o 2008-JUN-21 20:26:37
Eta_z| . GWIG NOSOL GNM_2085
0. EL Dat: eta.00737
RFRN By o AN N o Pa gl P gl gy [REef: eta.00739
0. P g e TURY R E O R Wy |CESR Set: 124729
RME = 0.031
o Average = o.o007
0. [u] 10 20 30 40 50 a0 70 g0 a0 io00
Vertical Dispersion (m! [Data - Ref]
0.3 RM& =  0.036
Eta_v| . Average = -0.012
o. =
i Roprim | M1 s b A A
s o ¥ ] be' | Y hqh F;J
-0, u f‘sr IBRIh
[u]

o 10 20 30 40 50 &0 70 g0 S0 100

“dc” dispersion

Same steering change with“DC” dispersion
measurement
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data: v3le=+200cu (Data_ref)_m()del data: v3le=+Z00cu

ref v3le=0 ref: v3le=0 [(measurement] - v3le=200cu (model)
Horizontal Orbit (mm! [Data - Ref - (Model - Design!l] Horizontal Orbit (mm! [Data - Ref - (Model - Design!l]
4. 21-Jun-08 22:00:29 4. 21-Jun-08 20:26:36
. SWIG NOSOL_SNM 2085 . SWIG NOSOL_SNM 2085
2. Dat: butns.l17527 2. Dat: butns.l17519
| T . o A q Ref: butns.117526 | o o .W\ dm ﬁn_ q Ref: butns.117525
0.9 T o =|CESR Set: 124729 0.9 i il FCESR get: 124729
Route: Route:
S2. RME = 0.151 S2. RME =  0.454
Lverage = 0.025 Lverage = 0.058
4 -4.
i 10 20 30 40 50 &0 70 B0 90 100 i 10 20 30 40 50 &0 70 B0 90 100
Vertical Orkit (mm! [Data - Ref - [(Model - Designi!l Vertical Orkit (mm! [Data - Ref - [(Model - Designi!l
4. RME = 0.257 4. RME = 0.424
T Average = o.o00z2 T Average = -0.027
2 2.
pef o S NN S e I S W -9 oo ool
o. B o H -qsw\! O B aanl - o. oo L= "sadh( _-él{ e W}f’ taeF
2 -2,
4 -4.
i 10 20 30 40 50 &0 70 B0 90 100 i 10 20 30 40 50 &0 70 B0 90 100
Ho&‘izon{al ]?is_p;:irsion (m! []I'L!atan- Ref -*‘[E}ﬁlﬁtedﬁesign)] Horizental Dispersion (m! [Data - Ref - (Model - Designil
0.3 E 2005-JUN-21 22:25:22 0.3 2008-JUN-21 20:26:37
Eta_z| ol 6WIG_NOSOL_SNM_2085 Eta_z| @ GWIG NOSOL GNM_2085
0. Dat: eta.57411 0. ‘ﬂ\a Dat: eta.00737
y Ref: eta.57410 Ryﬁ T, RN LT Fg anl o olR Ref: eta.00739
0.4 \Z & CESR Set: 124729 0. e EE BEE g WRT Wy T |CESR Set: 124729
RME = 0.173 RME = 0.031
S0, = V \i E }L \ l f ])L Average = 0.006 S0, Average = 0.007
-0. i 4 -0.
i 10 20 30 40 50 50 WDHBD olflou il 10 20 30 40 50 50 70 B0 90 100
Vertical Dispersion (m! [Data - Ref - (Model - Design!] Vertical Digperszion (m) [Data - Ref - (Model - Designil]
0.3 RME = 0.026 0.3 RMS = 0.024
Eta_v| Average =  0.000 Eta_v| Average = 0.000
0. 0.
o AR .ﬁn,wfgqm o e q ﬁu Fat mm"‘qa.n S P Py P o5 J&”aﬂqwu By oplm AR
0. et T IR gaam\qsarphd Fd [ B be 0. STk S A R waww s
-0. -0. &
0 -0.
0 10 20 30 40 50 50 70 g0 90 100 0 10 20 30 40 50 &0 70 B0 90 100
(14 29
ac’ measurement “dc” measurement

“Data”: measurement with v31e=200cu
“Ref”’: measurement with v31e=0
“Model”: modeled orbit and dispersion with v31e=200cu
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e (Conclusions

Dispersion is coupling of longitudinal and transverse motion

Measurement
-Drive synchrotron oscillation by modulating RF at synch tune
-Measure vertical & horizontal amplitudes and phases of signal at synch tune at BPMs

Then
{nv/ Bv}: (Yamp/ Zamp) Si.Il((Py- (Pz)
{nh / Bh}: (Xamp/ Zamp) SlIl((Ph- (Pz)

Advantages?:

1. Faster (30k turns) (RF frequency does not change)
2. Better signal to noise - (remains to be seen)
filter all but signal at synch tune
3. Nondestructive (RF frequency does not change)
Witness bunch?
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