Writing Physics Applications
and Services with EPICS V4
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EPICS V4 by example of optics

Demonstrate EPICS V4 by example of key goal of accelerators -
minimize emittance

As described by the “Optics”
* Twiss Parameters

* Response matrices
Example Applications
Performance

Demo



Emittance (€) is central to accelerator
figures of merit. Low Emittance = Good.
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Physics Applications = Minimizing Emittance

Emittance Is basically beam size
or really, the propensity of the beam to
change size, as it propagates

Example: Vertical Emittance as measured at one wire:
Emittance Scan on WIRE:L128:144
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Particle Bunch

Bunch in frame of the laboratory, looks uniform, all heading
IN same direction

From illustration in lecture by Nicolas Delarue



Particle Bunch

Bunch in their frame, in the Center of Mass of the bunch,
all heading every which way,
with different momenta

"

I ‘ZQ.
1‘@ \lJ L
Fasmmsdieinil Ehn

Product of particles’ position x momenta = Emittance

From illustration in lecture by Nicolas Delarue



Emittance ellipse In trace-space

* Aggregate description of
particles in their frame is given
by Emittance (€) ellipse In
trace-space

e Quantitatively: Emittance is the
area of ellipse, over m

100%----

e where “area” might be defined 99%
as 1 or 2 sigma RMS, or in %. e

E=yX2 +20xX'+ X"

N. Delerue



Emittance and focusing

converging

beam waist diverging
beam

A beam
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Along a beamline the orientation and aspect ratio of beam ellipse
in x, x’plane varies, but area & remains constant

Beam width along z is described with W(Z) = \/ ,B (Z) &
Hans Braun



SO, the Twiss parameters
describe the beam shape, and
t's evolution In space



SO, the Twiss parameters
describe the beam shape, and
t's evolution In space

The beam sausage



Orbit description

vertical o

v horizontal offset (x bpm reading)

angle in horizontal

fset (y bpm reading)

angle in vertical

path length
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Response Matrices

(aka “R” aka “T" matrices)
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e

R matrix from A to B



Response Matrices

(aka “R” aka “T” matrices)

corrector (A) BPM (B)
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e

R matrix from A to B
R12 is influence of X angle at A on X position at B



Response Matrices

(aka "R" aka “T" matrices)

corrector (A) BPM (B)
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e

R matrix from A to B
R34 is influence of Y angle at A on Y position at B



Response Matrices

(aka “R” aka “T” matrices)

any position (A) position (B)
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Response Matrices are the basis of
most online accelerator optimizations

Example 1, a so-called "4-bump™: calculating corrector
settings to get a particular offset and angle somewhere, like at
a diagnostic device

4 equations in 4 unknowns (the 4 desired corrector angles)



Orbit Correction (aka Steering)

Minimizing the RMS of the Orbit

Solves the system of equations s e s S,
that describe the influence of

every dipole corrector on every
BPM:

T A0 + T{2A0 +---+ TIN A6y = ABPM,
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Tiy' A0y + T A0 + -+ T3 Ay = ABPMy
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DGRFP: MODL_S8 BPH scan at:

A may be very large (millions), calculated from 1000s of R matrix
elements, which must be from a very well known precomputed model



The R-matrix parameters describe
how changes in each place in the
beam, affect all the others



What's peculiar about optics PVs?

Complex data type: a set for each lattice element: structures and
matrix

Further a set of sets at any point in time

S0, both device and whole machine oriented
Parameterized:

» Beginning, middle, end of thick elements

 Must know design values and those from real machine

e Want values from simulation, and from controlled conditions both

Conclusion: EPICS V4 for complex types and RPC



EPICS V4 services at SLAC

 Names. Now using old system. ChannelFinder based one in prototype
e TWISS
 R-matrices

* Elements (aka lattice)

Oracle database general service (pvname -> sqgl lookup table)

Archive (in development)

Interfaces from command line, c++, java, easydava, Matlab



Model App

ModelManager - Untitled.mm (on Icls-srv01)

Back Prop. Twiss from
CATHODE to DUMP v Extant = WS28144 v |Design - Run Model Save Make SEL Gold -> Log Book Help Exit

Z Plot Model Details Machine Parameters

Selected Model & Reference Model ‘/Select A Plot Function :
ted Model ID: RUN  Run Source: EXTANT  Created Date: 2014-10-16 06:17:54 "|[ALPHA X & ) -
e Model ID; 46697 Run Source; EXTANT Created Date: 2014-10-~15 04:51:25.0 BETAX&Y
PSIX&Y
ETAX&Y
s A A 4 \ S\ ETAPX & Y
AM AN e : R11 & R33
R12 & R34
R21 & R43
D2 2 DAA

Comparison

i

® Overlay Reference

Plot DIff from Reference

Configure
® Show 7 Position
Show MAD Names

Show EPICS Names
100 200 300 400 SO0 600 700 800 900 1,000 1,100 1,200 1,300 1,400 1500 1,600 1,700 1,800

Z (m) Show Device Points '
| 10/166:18:13 The new XAL machine model's ID 1s "RUN" | -
Saved Models: From: Sep 15, 2014 07:18:09— To: Now Set End Time Find | Restore to Default

ID |RUN_ELEMENT DATE RUN.S...| COMMENTS GOLD | REF| SEL
RUN 2014-10-1606:1 .  EXTANT S5 Run EXTANT Model on CATHODE 10 Main Dump beam line. And the Energyis 14.4000000000 GeY. RUN v |~

46697 2014-10-15 04:5.  EXTANT |S |Run EXTANT Model on CATHODE to Main Dump beam line. And the Energy is 4 52000000000 Ce¥ PRESENT v
46696/2014-10-14 08:0... EXTANT |5 |Run EXTANT Model on CATHODE to Main Dump beam line. And the Energy is 14.5830000000 GeV¥ PREVIOUS
46695/2014-10-14 07:2 . |[EXTANT |5 |Run EXTANT Model on CATHODE to Main Dump beam line. And the Energy is 90000000000 Ce PREVIOUS
46694/12014-10-14 07:0... EXTANT |S |Run EXTANT Model on CATHODE to Main Dump beam line. And the Energy is 5.60000000000 Ge¥Y PREVIOUS
46093/12014-10-14 065 EXTANT |5 |[Run EXTANT Model on CATHODE 10 Main Dump beam line. And the Energyis 4.53000000000 GeY PREVIOUS
46692/12014-10-14 03:2 . EXTANT S |Run EXTANT Model on CATHODE to Main Dump beam line. And the Energy is 14 58320000000 Ge PREVIOUS -
Database Access Status: User "MACHINE_MODEL" connected to "f@MCCO" L Model Query Status: The new XAL machine model's ID is "I jone |

Quan Gan, Paul Chu, Sergei Chevtsov, Greg White



Orbit Response App

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

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

..........

Compares measured to modelled response (R) matrices, that
IS, downstream response of the beam’s position to a change in its
angle upstream



Emittance Measurement App

Uses transfer matrices (R-matrices) and profile measurement to compute twiss and hence emittance

Emittance Application - [Emittance-scan-WIRE LI124 705-2014-10-11-224951.mat]

xarea= 1.108% 0.00 Mcts
*mean = 1.14% 0.00 mm
xrms = 141.2£ 053 ym
xskew = 022+ 0.01
xkurt = 0.03£ 000

E = S.000 GeV




Emittance Measurement App

Uses transfer matrices (R-matrices) and profile measurement to compute twiss and hence emittance

Emittance Application - [Emittance-scan-WIRE L124 705-2014-10-11-224951.mat])

®area= 1.108% 0.00 Mcts
xmean = 1.142 0.00 mm
xrms = 141 2+ 053 pm
xskew = 022+ 001
xkurt = 003+ 0.00




One channel, double array element count on x axsis
10000

1000

y
‘g 100
10
! 1 10 100 1000 10000 100000
w———ovAccess 2120 2110 2120 1960 850 130
CA 1945 1800 1835 1245 291 33

ovAccess vs CA performance

Largely the same for 1pv up to 100 elem. Then pvAccess faster by up to

factor 2-4 for larger arrays.
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1000 channels, double array element count on x axsis

1 10 100 1000 10000 100000
106000 111000 86600 11800 1183 118
333000 228000 41570 4510 443 44

ovAccess vs CA many channels

CA largely taster for many small channels, pvAccess

faster for many large channels



Status, Conclusions

5 V4 services in place now. Working, fast, reliable.
2 MOore very soon.

LCLS and LCLS-II projects bought in.

2 optics modelling services now: defined
conditions (XAL) and simulator (MAD). Working to
make both MAD

Next: Add computation of optics from archived
values
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