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Why Online Modeling? ENERGY!!

» operating a high energy and intensity
superconducting accelerator can cause —

LHC Stored Beam Momentum

Energy [MJ] [TeVie] => losses of about 107 of the

Design 362 ! design stored beam energie

Current 25+ 3.5 are already sufficient to

> The 362 MJ stored in each beam
correspond to ~90 kg of TNT. queHCh .
N Plasma-hydrodynamic simulations SllperCOlldllctlllg
indicate that the beam will drill a ~30 m
long hole into solid copper. Magnets

~25cm long hole in chamber }_l_l_l_l—l_—_ 10 cm QUESTIONS to answer:
—— ' - 1) WHERE is the Beam
2) How to
SAVELY MOVE
the Beam
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Why Online Modeling? COMPLEXITY!!

o Settings Challenge (already when only considering magnets)

> ~2000 power converter require settings to create a ---
certain optic definition s %

TOTEM 17 20

> currently three optic schemes, containing sequences of
optic definitions need to be managed (more to come?)

> higher level parameters (knobs) need to be defined
which allow to manipulate/adjust a certain optic
definition to achieve desired beam configurations

Total: 57 2080

Table: number of optics and knobs currently in use for operation

o> Vast amount of machine signals bombarding Operators (just to mention some)

> ~1000 beam position monitors and ~100 collimators provide measurement 00
data that contribute to the calculation of the current beam position and .

protection envelope configuration operstor
.. .. . LHC Online Model
> Timing events delivering current optics id, energy, beam mode, ... /
"
— combine/reduce signals and calculate Control System
higher level information \>
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Requirements

> Setting preparation for LSA (LHC software architecture)
(1) (semi-)automatic setting generation and upload of knobs and optics
(2) extendable architecture for future requirements
(3) automatic testing/verification where possible

(4) tools for setting extraction and recalculations in MAD-X

> Online Modeling — Aperture Metering

(1) simulate current machine optics to the best knowlege
from the current settings available in LSA

(2) provide simulation data update on the scale of seconds, accepting
less accurate optic model (e.g. based on nominal model)

(3) interpolate measured orbit to all machine elements

(4) incoorporate all available information about movable aperture devices
(collimators and roman pots) into theoretical aperture model

(5) allow the simulation of setting changes at a given machine state
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Optic/Knob Management 2 Generation

Optics \
Definitions

> optics model package providing optics definitions to all

LHC Optics Model Package .. :
‘ P 8 applications using JMad (ava API for MAD-X by K. Fuchsberger )

Nominal .
Optics + independently extendable
.7 ..| Model + provides versioned madx input files and load sequence for
consistent optics simulations

L optics and knob manager application
E + automatic optics and knob generation/upload
E + extendable collection of knob definitions and

e i : knob test like delta trim tests,...

Knob ™ i : . f knobs from YASP fil
Knob Generator Optic : import of knobs from output or file
Definitions |} Generator : + display and copy of available knobs in LSA

— % "' : /—\
Test Knob LSA - \/
>

Definitions ||/ Knobs, Optics
N Tester API
— LSA

Database

~_ 7

L ‘
:  Optic / Knob Manager
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Optic/Knob Management 2 Verification

Horizontal Tunes
0.008 T
0.006F
0.004F
0002 B o BH RE A% e s Ve seweal T Twosmee gf ™ Mgt oo Mk e BT B s g e 3 £ _7
@ R -
-4 SN 2 e
2 0.000 e
—0.002r — = nom Hor. Tune Evolution B1 | |
— = nom Hor. Tune Evolution B2
—0.004- = sim Hor. Tune Evelution B1 [T
= sim Hor. Tune Evolution B2
—0.006F =+=  Hor. Feed Forward Trim B1 |4
Her. Feed Forward Trim B2
D08, 500 1000 1500 2000
Vertical Tunes
0.008 T
0.006F
0.004- 3 : ; "/ =3
0.002}F il et B v Srrenmrt Thediten n e e B e e e 5,
e R T RN 1 o DI W e T /\
E 0.000F+ 5 7 \ T". r\ W\/\ /\__//K "'_'/\“‘“-— - ___/\ /
_o.002- \ ."‘ \ [ S SR e — = R e e e e }'—‘“-e_: = - = _
: == nom Ver. Tune Evolution B1
== nom Ver. Tune Evolution B2
—0.004r = sim Ver. Tune Evelution B1 |
—— sim Ver. Tune Evolution B2
—0.006 Ver. Feed Forward Trim B1 [+
Ver. Feed Forward Trim B2
50, 500 1000 1500 2000
Time in BP [s]

automatic scans over generated settings of any beamprocess (developed in colaboration with X.Buffat) /
extract settings at given times in the beamprocess and calculate optic functions
check of tune evolution in un-squeeze beamprocess for TOTEM

comparison LSA reference value with simulated tunes

(VIR IV RV RV )

calculate feedforward trim to reduce corrections required by the tune feedback — only on B1
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Optic/Knob Management 2 Verification
b564 HorlzonFaI Tunes
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0.004f
0.0021 "._ = /\h i A__ﬂ__--\_};\:;:---:__};\:.’ 7777‘}_\_.- e --____._-._._.____;__/_-f—
+ L P e x_____ = e
s P N\ /’\f /\ o - .
—0.002r ‘ nom Hor. Tune Evolution B1 | |
nom Hot. Tune Evolution B2
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—0.006 " Hor. Feed Forward Trim B1 |4
3 B B P . y Her. Feed Forward Trim B2
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N T e R e N e e —— 3.5
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e= TuneBl-v| - T g T T T
b TuneB2-H ol 5
== TuneB2-V I
0.02- [EB= Energy :
= 2.3 _
o -
= [P =
£ 0,015 Wﬁ LY e ——— R
5 e . 3 5
g T g i vy f 5
2 1.5
0.01
1
0.005
FO.S
T T T T T T T
21:00 21:10 21:20 21:30 21:40 21:50 22:00
. .
S un-squeeze was performed in steps for adjustments / logbook entry of tune feedback real-time trims during TOTEM MD 2011-05-05

O clearly visible reduced feedback trims on beam one |

D very similar patterns observable in beam 2 trims
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Optic/Knob Management 2 Verification

0.003

2 check of beam-beam separation knob — |
shape in TOTEM beam process

0.002

77'::’:_" o

|

O

trim knob parameter function to 2.0 mm

MOXALLS - - - —

O extract settings at given times in the
beamprocess and calculate orbit in B
MAD-X >
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Online Modeling 2 Architecture
..................................... 1 /\
I ..
. Aperture Meter Application N—
[ p bp YASP YASP
! . Data File Reader Orbits
1 M1tmal  \esesees Orblt . v
! Minimal - Importer :
Theoretical _ Aperture Interp9lator Logging Logging
Aperture : Calculator Extractor Database
Data  [» Beam based " (by T. Baer)
; . N~
— Aperture i |
- min.max. 3
Co.lhmator ™ Model Aperturé Values I
Alignment . 3 !
Data 1 ] pmmm e m s "
. ' : LHC !
L3 A | JE T = Optics Model E
Movable | : o/ P ) ' Package
Device I é ............
Positions | - EHA
! gé update (machine state)
coTToTonsmmmmmme s - g measured Orbit, Energy
5 e n"e LSA
; Measurement ' Database
+  Access Package
] refresh
LHC  [Jy~-=====°°- '
Operator
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Online Modeling 2 PoC
Prove of concept for first Aperture Meter implementation |  calculate ~ calculate
available aperture| | interpolated orbit

during alignment of movable devices around the beam.

- LHC B1 - YERTICAL %

normalized Emittance [m rad] used | 1.EI]I]E—E|i| determine minimal

space between orbit] | calculate 10

eXClud.ed LA emittance center and aperture beam size
devices from change
calculation
[ > % )<
g -
"é g - movable device express minimal
_°§ 7 moved away spaces in n O of the
troumn the Ibeain beam distribution
2 — Y
5 = .
1! I = determine aperture
4 , J
! | movable device | | | | / bottleneck
> i S ‘ approaches the beam ¥ o & & //m
time
min. Aperture Element (Name + value in BEeamSigma) g,—\V ﬁu €, u==xy
/ B, ... beta function
TC P. D6 L? N B 1 4 = 4 O 8 €, ... normalized emittance
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—  primary collimators are aperture
bottlenecks as expected
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Show/ Hide Current Machine Info
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resident BeamProcess: PHYSIC5-2011 W3@S6_[EMD]
ALS0C1S0ALOOOLI00_0.00875_2011
350004

* Setting Information (beam process, optic)
* current Energy

active Optic

current Energy [GeV]:

=3 My 074604 - Size of Rame-indizes(T127) does not correspond o SiTe of 2 list of values (13234). Maybe there [s no column with element-name in the resilt, or there are some elements with the same names in the sequence?
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. ' * beam display panels, while in collision
Online Modeling 2 GUI Layout * beam-based aperture model + movable devices
* hor./ver. orbit and beam sizes

Data View for B1 Data View for B2
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)

B1 Orbits - Horizontal @ [2011-06-21 08:3L:48] @ittt s g gl E2 Orbits - Horizontal @ [2011-06-21 08:51:07]

G| o] |
G| ma] | Ma =
| i

T ! |“
0.028 " WuX APERTUR
[ MIN APERTURE
= BEAM ENVELD i
001 e MEns. oRmT
E E i 4
» »® r
-0.01-
-0.027 m&pmmﬂ |
| ! — 1 !
o 5000 10000 15000 20000 25000
s [m]
BL Orbits Vel @ 201106 Z1085148) 00 i i i B B2 Oriits — vertical @ 201106 21085007) 0 i i i e R

A 0 || |EE . vzl |y | .| [EE .
HEE| e h i mE) [ Ma =

N MEAS. ORET
(R |=— BEAM ENVELD

E E
= o B
-0.005
-0.01
-0.015
-0.02
i} 5000 10000 15000 20000 25000
s [m]
[EREsms s e 2 veessgy . e B2 Beam Sizes [m] @ [2011-06-21 08:50:07) Sa8si i i i i i gysgmssssmsss e
el | | . Wi @ |- v
Legend | | T Legend ' | m
—— Hor. Beam Size [ ' i —— Hor. Beam Size i ! tn
_ -+ Ver. Beam Size | ! un — —— Ver. Beam Size \ , i
= 0.001 ] ! = 0.0011
" '
N &
- @
E E
5 g 1
2 0.0005 2 0.0005
3 3
07 — 04
0 0
2 | ‘£

Faculty of Electrical Engineering TECHNISCHE
<< OMCM Workshop 2011 >> and Information Technology UNIVERSITAT
Institute of Automation DRESDEN




LHC Online Modeling — Support for the Commissioning and Operation of the LHC Johannes Gabriel Miiller 15

21.Jun 2011

. sy

Online Modeling 2 Examples &) Data View for B1 [x]
[B,views | (B | [m] =]z EE] B more | c4B

' E1 Orbits - Horizontal @ [2011-06-20 21:51:13] =

]| B

Crossing angle in IP5 at Injection

. [

> Dbar plot of measured orbit data —edend__ |

. o 0.04 - [— MIN APERTURE
> interpolated orbit with 1o envelope == BEAM ENVELOPE \

. , , Bm MEAS. ORBIT
> simulated orbit for comparison 0.03 - |—— SIM.ORBIT M
-2 |NT.FOL ORH _
— Quite good agreement 0.0

X [m]

- 0,02+
-0.03 I
-0.04 |
:
T T T T T T
13100 13200 13300 13400 13500 13600
s [m]
21500 - DataSet [INT. POL. OREBITT selectad for Marker retrieval !
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Online Modeling 2 Examples

Data View for B1

| views | [ [m] = =] [EE] (8] More |

'E1 Orbits - Horizontal @ [2011-06-20 21:53:41] :

Crossing angle in IP5 at injection  ElRBNC-E
‘ ] 1] 1

> bar plot of measured orbit data 0.047

o interpolated orbit with 1o envelope e

> simulated orbit for comparison

— Quite good agreement LIS N
0.01 |
. I |
. . . . . . E : | il : | = 1 : L T
Cleaning section in IP7 at injection =« 0 ; ! : =
I I |
> approximately zero orbit o01- !
> collimators centered around
interpolated orbit -0.02
o> expected bottlenecks at primary and f
secondary collimators LT (
19800 19900 00 20100 20200
s [m]
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Online Modeling 2 Examples -

Data View for B1

Simulation of IP5

horizontal seperation scan knob
for luminosity adjustment at 90m
unsqueezed optics

o> measured orbit from import
of first un-squeeze

collimator data not updated

expected bottlenecks detected
at maximal orbit excursion
location and the elements
with the maximal beamsize

B views | | (m|=]==] =] @ More | A4S

'Bl Orbits - Hnrlznntal @ [2011-06-20 11:05:59]
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1 | - Legend
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Conclusion

Current Status of the LHC Online Modeling was presented

> optic and knob management well under control and tools ready,
as proven during commissioning of two new optic schemes

> framework well integrated into the control system as well as
connected to measurement and logging data sources

o> state of the machine can be determined online from measurement
data, including current time in setting functions

> beam-based aperture model with movable device positions and mechanics
to adjust to outcomes of collimator alignment campaigns available

o aperture meter application has been presented and is in a
far more advanced state than proof of concept
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Outlook

What comes next?!

> include aperure measurement results into beam-based aperture model

o solid beam-based validation of the modeling approach

> evaluation of online determined aperture bottlenecks during
daily operation as well as during aperture measurements

> complete the simulation mode of the aperture meter to allow aperture
bottleneck calculations solely based on simulation data

> support the evolution of the current and possible future optics models
> 1mprove and advance current implementations

> evaluate usability of framework for client applications and provide
adequate interfaces/services
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Thank you for your attention!

Special acknowledgements for fruitful discussions and support to

Stefano Redaelli, Kajetan Fuchsberger, Tobias Baer,
Frank Schmidt and the Operations Crew

Questions?!
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Orbit Interpolation

using linear transfer matrices

* interpolate per plane and segment (defined as the area between two bpm's)
 calculate the angle via the transfer matrix between the two bpm
 relatively quick:

v ~4s to create the transfer matrices (U.;J) _ M_’_(Uj _ (Cm‘ Sij ) (”’i)
v ~1s or lower to interpolate w); "\ Vi Sii) \ug
v further testing required!!!
. ~100 , _ e .
currently 10% error y \/ g—f(cos(-g&'lg) + oy sin(v3)) 31 Brsin(t2)
Mz = — / 14wy s : / / . i
(;Bg) A (,-1:1) (fi‘/‘ﬁj cos(th12) — (Hﬁﬁj) sin(i12) 4/ %(cos(-t,-ulg) — agsin(y2))
= Myl
s T

T _ T Beam Direction
(- . ) N j“”‘[ls ( 1 ) >
T, T

'\’ !
Tg = Clgiﬂl —+ 1512;131
v

v — Ty — Ca1y
= —a
S12

vy — Clamy

Ly = Cls?nl —+ Sls -
*512
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Online Model Manager Overview

> How does it work? = Online Model Manager System Overview

Sequence
and Strength \/
files
Strength
files
AN v v
- PS}:::;? ce‘lllsV I\S/Ica;d;i Model Definition Extraction
= | - |(Optics, Sequences, Beams) | Object
YASP I Orbit Import F A " D JMad M
. . ' AXD
Orbit files I @ ; (Java API for MadX) L@

ower Converter
Strengths Export

Knob Twiss i Twiss &()b IMad

e | | : .

files 3 files Objects Adapfer
! L4

N )

’

D LSA
LSA Client 4—@4 << Display >>
Database API -

Optics Import (pen * Plo

o I]i:)leme:nts por )?‘wﬁ; < : ?alﬁllssditor

« Twiss Parameter i¥i

* Power Converter Strengths /

Beam Process Information / Optics / Settingg/'/
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Operational Cycle vs. Control System

/
INJ | [SQS1 SQSn N
: SR ; ... injection
Optlc Opth Op tic SQS ... squeeze step

> LHC control system LSA (LHC Software Architecure) manages parameter
settings required for the different phases of the operational cycle in ;
beamprocesses (BP's) which are defined by a optic sequence

> changes on the parameter settings required during adjustment are
called trims and are transmitted as delta values to the devices controllers

o> parameters are organized in hierarchical dependencies

5> recondition machine
for next cycle

Ener:
Y Squeeze
Ramp
> fill LHC with o accelerate > reduce beam size in > bring beams
particles / bunches beams the interaction points into collisions
Ramp Squeeze
Beamprocess Beamprocess

Beamprocess

]

Trim

!

Parameter
Setting

Parameter
Setting

|
Paramete
“ | Setting

> knobs allow to trim a collection of parameters by a given delta
multiplied with a factor defined for each dependant

/\

0.03

v

v

Device
Controller

-

+A
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Creating LSA Setting Generation Input

M
D java package that contains required AXD
files to create a simulated machine Model Definition > Java API for MadX [4] ]
O definition of all optics available in the 5 hide all interaction with MadX from

control system including corrections user

S control applications can use same

2 run simulations based on models
basis for calculation and simulations

initialized with a model definition

o allows data transfer between control
environment and MadX on Java-level

Knob Opti C (concept and development by K. Fuchsberger)
O extract knob definition from optic Generator| |Generator
> match and normalize to standard units S check tune and chromaticity
2 simulate trim for verification ‘,n Optic }j agains references and rematch if
_/i,.l needed

2 dump optic functions to file

LSA

= Online Model provides the knowledge about the available optics as
well as the tools to automatically generate and upload the information
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