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@ Outhine for Today

\ - . _ That 1s what

J< Optimisation of Machine Performance gets reported
(“the good days”) on in

conferences

— Orbit measurement & correction

— Luminosity: basics, profile and 3 - measurements 2/
*Diagnostics of transverse beam motion

— Tune & chromaticity measurements

— Dynamic effects: tune and chromaticity control
— On-line B measurements

@, N
* Trying to make the machine work

(“‘the bad days™)

— The beam does not circulate!

— The beam gets lost, when changing the beta*
U /
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Orbit Acquisition

Thu Oct I2 17:20:30 2001

TR R R [ T R

t
SPS_orbit SPS_Selection |
o - Loading correct THISS file... File Bupercycle Hel
QUIT SPS XORBIT V9.01/2K+1 Dune Info | e e e c® = = = |
=l Tnilializcing Twiss [or 724 elemenls Running SC 946

724 elements copied to Twiss Proton 1

Referenee Orbit Referenee Catalog Send Correction
CLOSED ORBIT : 1871072001 13:19:12

5C = 946 PROTOHN [# 598551

ne reference set HOMENTUH — 14.00 GaV

Cancel Correction THISS ft_inj_w2001

no date GATH/TIHE 0 /5 1000 ms

AVERMCE 1

DP/P 0.16 permill Proton 1

0 — 99420ms (9920ms)

Difference

Skeleton

E Data stored in fusrfopt/forbit/hpslx
Control Plane Ready .
MD Specials

MICADO

Other Tools

¥dataviawar

| oadiSave Help

Horizontal

0.0 ] Monitor horizontal
GLOBAL: mean — 0.386 RMS - 0936 #pu-112

BRI i A

Da 63.0000 0.41000 dy 6.66746 BEPH.41209 3173 7.07746 m

GLOBAL: mean = -0.006 BMS5 = 0.520 #pu=113

=7 il /2

Vertical




Orbit Correction (Operator Panel)

Thu Oct I8 13:24:30 2001

start Tasks I operation I sP5 Toplo P EDuMP Reset 22 meset | active Tasks

SPS_orbit | | sPs_selection [ .||

XORBIT V9.01/2K+1 Done E Info | DY 42707 _  rile supercycle melp |
HDV. 22307 - Running SC 944

MDVA.21932 . Proton 1
Acquire Reference Orbit Reference Catalog Send Correction MDVA.21703 .
no refercnee sct HDV. 42707
MON & COD Cancel Correction MOV . 22307

no date MDVA.21932 o
MDVA.21703 o
. a,n - ; ; HMDV. 42507 -0. Proton 1
Acquisition Time Load Orbit | Difference Skclcton Mumber of iterations required (max 0 — 9420ms (9420ms)
i ] ; # iterations = 6

Control Plane Ready .

Closed Orbit dpfp-offset shown MD Specials

Settings & Sperials Reject at X sigma MICADO Other Tools

Hdataviewer

1810401 13:23:45

Cu 55.9502 -1.0417 mon

N.023 RMS = 0.328 #pu =113

Da 4.00000 0.73520 dy —0.7352 BPV.10909 Cu 3.88267 0.00000 res




AB D OT1TC 0 wi s

CERMASL XDatauviewsr B,4 ZOOMIMzFPick first polnt

Views Subview External Editor LoadfSawve Help I Select
Flot — I Grid OFF — I feraoline OFF — I OF OME — I Zoom In — I Box =1

Predicted Correction Hesults 18/10/01 13:23:45

0.0 Befare Carrection 1120
GLOBAL: mean = —0.006 RMS = 0.520 #pu =113

.--l-_-_--lI.._.-.--_..l_-_- I _I---I.-__I..lI___I-I_I-.--.----I..-___-l_..ll_.ll-.--.-.I.ll_._l_-__I.I.-_III-
1

Da 51.0000 1.13000 dy 4.38471 BPWV.3250! Cu 50.9724 551471 mon

0.0 Difference 112.0

GLOBAL: mean = 0.023 RMS = 0.328 4pu =13

I_--I_---I_-_I_-_I_-_l_._I-__-I_l_-_l_-_l_-_-_._I--_l--_I--_I---I----_I_-_I_-_I_-_I--_I--_I--_------_-_---_---_
]

Cra 51.0000 —0.4302 dy 4.25372 BPWV.325 Cu 508729 3.8235 diff

0.0 After Correction 112.0

GLOBAL: mean — 0.017 NMS - 0.400 u — a

___ll___-ll_-_____-__-.-__--- _ --_-II---_ll_l__-_._l____-_-____.--_-_-__-_lI--.Il_.__-I--_ll---l__-_--_-_--ll_

Lya 51.0000 0.69981 dy 6.80019 EPFvV.32509 CuS1.1716 7.50000 res



Luminosity & Beam-Beam Tune Shift

Luminosity
Normalized emittance

. Nr
Beam-beam tune shift AT ﬁ <0.006 (LHC)

N

[ —f MNvyAv

rev B*
To maximize L and minimize the stored energy,
increase N to the tune shift limit, choose large M
and small 3.
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The LHC Emittance Budget

* From the particle source to “colliding beams” in the LHC
the emittance may grow by 30% for nominal machine
performance
— from LHC 1njection to collisions this means a “Budget” of 7%
— we have to measure emittance to a precision of a few (1..2) %
* Precise profile measurements
* On-line 3 measurements

— when:
1) at the moment of injection

2) with circulating beams
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Measuring Beam Size

« Beam Profile Measurement Methods

— Wire Scanners

— Monitors based on interaction of beam
with (rest)-gas 1n vacuum chamber

— Synchrotron light monitors
— Beam 1nteraction with screen
(semu1 or fully destructive)

— SEM monitors
— Others...
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Rotative Wire Scanner
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Linear Wire Scanner
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@] Measurement Results

Prof bwsha1995.rot EV:0x211b0101 SC1240012 HV:1490 Mode:SLOW 1ga pot. 1810001 15:42:09

Sctime 96 ms
Mean -6.228 mm
Sigma 6.789 mm
Honm 382060
Ampl 3272

Offst 40
Acq.length 698

| 3061 ,061¢ |

 Amp |

.
%
>
%
il

Da -1.53e+04 1471.00 dy 567.701 -1.53e+04 Z2038.70

3ctime 1096 ms :
Mean 16.162 mm

Sigma 6.678 mm

Horm 384623

Ampl 3329

Offst 40

Acq.length 888

| 3410,1224 |

| Amp |

| —159,0704 |

Da -6.56e+04 0.00 dy 2769.85 Cu  3.24e+04 Z769.85




Measuring Beam Size

« Beam Protfile Measurement Methods
— Wire Scanners

— Monitors based on interaction of beam
with (rest)-gas in vacuum chamber

— Synchrotron light monitors
— Beam 1nteraction with screen
(semu1 or fully destructive)

— SEM monitors
— Others...
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O

Beam Diagnostics

To signal
processing

¥ '//“/}(«\ Y

N, injection
CAS 2003 Rhodri Jones (CERN - AB/BDI)
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[Luminescence Profile Monitor

2D
Side view

D
) L

Beam Size

676 um Super Cycle number : 15850

CERN-SPS Measurements
 Profile Collected every 20ms
e Local Pressure at ~5x10-7 Torr




[Luminescence Profile Monitor

BPLTV42191 - - Image profiles at 3922ms SC Nb: 15850
Single H profile;

A Single shot (840 SPS turns)
— 6x10~ Pa (5107 Torr)
— 2x10'3 protons (140 mA) at 450 GeV

BPLTH42191 -- Image profiles at 6110ms -- SC Hb: 40631 1312/M9 141421

209.0

Homm H 13844

;= 1070 pm

Single shot (840 SPS turns)
— 8x10- Pa ( 6x107 Torr )
—9x103 Pb ions (540 mA) at 450 GeV

Da 161.000 160.00 dy 7866.95 Cu 160.511 8026.95 pl_pr h



@ (Rest Gas) Ionisation Profile Monitor - IPM

Ions collecting
plate (Cathode)

Cathode grid
Resistors

Electrodes
Proton beam
Ions
Electrons
Anode grid

plate

«~— Window
Camera




@ IPM Beam Profiles during Acceleration

Sigma H- 430 micrns
Ampl H 8077 hits
Norm H 37310 Nomm H a0763

Cali H 182 michpi / I:;:i. CCD camera Calib H 182 micipis
| ! 20ms per profile

Sigma H 1202 microns PN
Ampl H 3214 it 7y

f

34 GeV
450 GeV

Sigma K 709 mictons
AmplH 178 it
N H G2660
Gl 162 micdp

150 GeV




@ IPM Single Bunch Measurements

( CCD - 870 SPS turns (20 ms) per profile )
6x10'° p/bunch 2x10'° p/bunch
= 108 profiles

IPMP41696 - - 2Zth profiles at 1170 - - SC Nbh: 64002 0412700 11:04:35 IPMP41696 - - 44th profiles at 2050 - - SC Mb: 64017 04£1 200 11:31:50
| Abs |
Sigma H 789 microns
Ampl H 3609 bits
onm H 52887
Calib H 182 mic/piz

Sigma H 1178 microns

Ampl H 11862 bits
orm H 200371

Calib H 182 micfpix

127300 |

L, 3660,0 |

-610,0 |




Measuring Beam Size

&y

S~

« Beam Profile Measurement Methods

— Wire Scanners

— Monitors based on interaction of beam
with (rest)-gas in vacuum chamber

— Synchrotron light monitors
— Beam 1nteraction with screen
(semu1 or fully destructive)

— SEM monitors
— Others...
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@] LEP X-Ray Monitor (BEXE system)

25 turns 900 turns
{et & e-) (et & e-)
per sec. per sec.

HEXEZ Vert ['J" 4111'}_1uu. turns 94, BIGEY
. 4

hd(j.u
Microps
Lrms 0

max 34

782 )
= hhi

current

—_—moT

i
=+

l'-:l:om
detector N:2

= {3mr m

ELECTRONS

=03 |

=] -

BEXEZ Vert !!Eﬂaurr turns  54.EOGEY [i'i
Mu;unu

curromt
1501, Gua

aman_ 363
mn 6210

514 | L
vt ?H'

current
15n'.r Sua

PROFILES
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X-ray Beam Intercepting Strip Line Detector

(Cd-Te photo-conductors)

*._Polarization line

The detector is made from a 4 micrometer layer of photoconductive CdTe
deposited on a 20 X 50 mm ceramic substrate
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The BEXE Detector

Ceramic substrate
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Histograms
of
Individual
Cd-Te
Channels

L

Online Display in LEP Control Room

( e" & e vertical beam size versus time )

BEXE2 Vert GVBDDSucc turns 94.50GEY

y

S

- T rms
0

__________________________________________________________ 468
5
| }_; __________________ e "'-"-"_______t 12 u
LN S I e " |current
+ 1575.9uA
1a
E |
E ' S R R PRttt I §
ch ! + 4 H
LN Stable Beams in |current
ol SRR Collision 1581.9uA
Thu Oct 29 09:08: 19 1998 Time 150
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Measuring Beam Size

e Beam Profile Measurement Methods

— Wire Scanners

— Monitors based on interaction of beam
with (rest)-gas in vacuum chamber

— Synchrotron light monitors
— Beam interaction with screen
(semu or fully destructive)

— SEM monitors
— Others...

CAS 2003 Rhodri Jones (CERN - AB/BDI) Beam Diagnostics



Measuring Profiles using Screens

Al203 screens for set-up and “bad days”
OTR screens for nominal operation

Can combine both into one instrument

4—0—>
Free passage AlLLO, [Cr]

30
Beam

60 x 60




@ Optical Transition Radiation Monitors

As Beam hits the 12um Titanium foil 2 cones of radiation are emitted

OTR Screen
x

Beam

Inten51ﬁer -

S

Capturing emitted radiation on a CCD gives 2D beam distribution




Turn-by-Turn OTR Results

Next
dinjection
+1 turn

B-Mismatch at injection seen as a
beating in the beam profile

V size [um]

—_ (3] [\
w S W
(=3 (=3 (=3
(=] (=] (=]

y =44x + 4838

T
10 15 20 25 30 35
SPS Turns

sy

VAR

‘y =20x + 24()6‘

15 20 25

30 35
SPS turns

Very poor matching!!




Quadrupolar Pick-Up

e Position contribution can not Pick-up seen along

be avoided, but can be & o
measured and subtracted.
« Design suppresses the
dominating intensity signal
by coupling to the radial
magnetic field component.
Beam
Flux line
‘ _ 2 2 Induction loop —
Ao zb[0+0 41(——Xj+1 23’—5
ror |
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Installation in the CERN-PS

Bh BV Dh

SS03 | 22m | 12m | 3.2m

SS04 | 12m | 22 m 2.3m|

“One pick-up per plane”

CAS 2003 Rhodri Jones (CERN - AB/BDI) Beam Diagnostics



Measurement of Matching

10 free parameters, 20 data points

Quadrupole moment [mm?2)]

e Simultaneous fit to the e Input parameters
two pick-up signals gives: > By, fu. D
— Injected emittances. =" N
. — A“Ha AHV
— Betatron mismatches.
—> Gp) qh) qV

— Horizontal dispersion

mismatch. « Most input parameters can

be checked experimentally
CAS 2003 Rhodri Jones (CERN - AB/BDI) Beam Diagnostics
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, Outhine for Today

*Optimisation of Machine Performance
(“the good days”)
— Orbit measurement & correction
— Luminosity: basics, profile and 3 - measurements

*Diagnostics of transverse beam motion
— Tune & chromaticity measurements
— Dynamic effects: tune and chromaticity control
— On-line B measurements

@, N
* Trying to make the machine work

(“‘the bad days™)

— The beam does not circulate!

— The beam gets lost, when changing the beta*
U /
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Measurement of QQ (betatron tune)

QD QF 0)D)

QF ” QF Characteristic Frequency
“ I of the Magnet Lattice
S SF o Produced by the strength of the
SF = Quadrupole magnets

* Q — the eigenfrequency of betatron oscillations 1n a
circular machine

— One of the key parameters of machine operation

 Many measurement methods available:
— different beam excitations
— different observations of resulting beam oscillation
— different data treatment
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Principle of any Q-measurement

L~
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Principle of any Q-measurement

G(») BTF:= H(®)/G(®)

Measurement of

betatron tune q:
Maximum of BTF

CAS 2003 Rhodri Jones (CERN - AB/BDI) Beam Diagnostics



@_’] Simple example FFT analy31s

th_nngﬂmnm___ﬁf_li lﬁ.l._‘;l-'_LLT_H

Operation Active Tasks
LR ) =
EXIT ’Dai“l ver Va il& ZOOMIN:Pick first point

VIEWS EXTERNAL EDITOR i SELECT

SUBVIEW ; PLOT i NO GRID NO ZEROLINE OP ONE ZOOMING
G((D) == ﬂat’ AMPLITUDEC1inear) ' 13/10/93 08:54:48
9 or al spectr : i
B.a une 8.5

plitudes(lin) versus tune

Made with random
noise Kicks

"Cu 0.21611 0. 16827
Da 0.19200 0.15414 dy 0.01413

Measure beam position over
many consecutives turns

-> apply FFT ->H(w);
BTF = H(w)




e

1

@ Network Analysis

1. Excite beams with a
sinusoidal carrier

amplitude [mml

|
o

1

T
*.J

\,\ 5 i
¥ F{

2. Measure beam
response

frequency

% e, 2% , &b
3. Sweep excitation
frequency slowly

through beam
response

0.24 0.26 0.28

frequency
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@] Time Resolved Measurements

 To follow betatron tunes during machine transitions we
need time resolved measurements. Simplest example:

— repeated FFT spectra as before (spectrograms)

SPECTRAHTSTORY LD 14 28251 SPLETRAN LS IR
lizlary of spacless Belatlwe Hislory of speciraz
L e 5LE .2 T el

ke

:- * !.I o
Cu 354 620 100000 i I “Lu 510.736 5. 1553 : “lu 154
Da 35w 006 Lo B0 dy By 0 . % Ma 511,000 24, 0000 dy 1. 15528 Ila 147
'1‘;;?“““’ if amplibudesi i Lny Last specirum of sl ludexlle)
e . L RN

7 Salectes speckrus 1o namban iy
i & £
=

= Geinelal gpacloun @ s inehes X

R, e
- g ag el * " Wy +-: -"“:-"""‘I =y -'-...-. -
| ¢ N Bl e e R SR st
Cu 0. 26E20 0. G027

F : = "fu 0. #9896 n.0oio
B 01 26402 000037 dy O, 025 fa 0. SO006 000015 do 000094
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Principle of PLL tune measurements

This PLL system
looks to the 90 deg.

point of the BTF

BPM
B sin(ot+)

Beam
Phase detector
Read VCO VCO AB sin(2 ot +¢)cos(¢)
Frequency: Voltage controlled \
tune! oscillator
At regular Frequeqcy control:
. 3
Time intervals A sm(a)t)
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[llustration of PLL tune tracking

A \ Single carrier PLL locks

on 90° point of BTF;

/
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@ Example of PLL tune measurement

TUMEHTS TORYS Lunee differenca) 15A06/ 9 11: 20 3
Borigostal % werlical lemnx wverxzos Lime

In this case continuous tune
tracking was used whilst
crossing the horizontal and
vertical tunes with a power
converter ramp.

Closest tune approach 1s
a measure of coupling

TLu B0F171 H-Uﬂ”ﬁ? 1122302 420
Dia S0z 000 D 0L dy o, 9E2
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B Function Measurement by k-Modulation

* Purpose:

— measurement of <3 > within a quadrupole
— optics knowledge
— emittance determination: € =G*__ ./ P

 Principle:

— a (small) strength variation Ak within a quadrupole induces a tune
variation AQ

AQ = AKAT [gy B()ds 5By :[2( & ) R 2(5q

<Buy> = (41 AQyuy/LAK) (1+:(AQ)) R NARVYIRRVY

* L is the quadrupole magnetic length
* AQ 1s small enough to keep second order term contribution < 1%

Ak modulated using k-modulation facility in LEP to test:
— What is the smallest possible perturbation? (LHC emittance budget)
— Can 1t work with beams colliding head ON ?
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B Measurement using k-Modulation in LEP

Effect of Q feedback loop speed
(PLL mode)

'_ 5 A= 1A, 0.25 Hz
i

=
; h

— “ fast” mode: 20 Hz

-
-5
Be
£

AL

— “normal” mode: 12 Hz

A

 INEMERA
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B Measurement using k-Modulation in LEP

Comparison between static Ak ,
AQ Vs Ak static) 1000 turns and k-modulation

simulations:<g>th=181.5m LEP 85G6V, SOOmA, 4 bunCheS

diiasialilN - 1000 turns:

— Bigae QUAD =175.4 m
— [3-beating: -9.2%

— <p>=164.8m

0.0001 0.0002 0.0003 0.0004 0.0005 8 k-mOdU.latiOn:
Delta k (m-2)
— 1A (5x10%), 0.25 Hz
— <f>=162.9m
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7 Comparison between static Ak and

-

k-modulation with colliding beams in LEP
[103.3 GeV, 1860 uA on 1860 pA ]

o Static Ak:

—>I0+05A: <B>= 3839m
— 10

510 -0.5A: <B>= 392.8m

11111111111

BT

* k-modulation:
— 10 + Al
— Al =1A, 0.25 Hz
— <p>= 389.4m

| DREARIEL
] L
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@y Chromaticity (Q’ or &)

e

Spread 1n the Machine Tune

due to Particle Energy Spread
Controlled by Sextupole magnets

Optics Analogy:

Achromatic incident light
[Spread in particle energy]

Focal length 1s
energy dependent

Lens
[Quadrupole]
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@ Chromaticity — Its Importance for the LHC?

 Change in b3 during snap-back [ - o
end of precycle constant curr acceleration o

— Change in Q’ of ~150 units injection 1, =11500A
« Nominal operation requires
AQ’ <3
e Correction by:

— Feed-forward tables from
magnet/chromaticity
measurements

— On-line feedback from b3

I'ersislent current masnetization
Dipole Magnet: hl=-9.3, hi=-4.2
Quadrupole Magnet: b2= -5.6

Dipole Magner: bl=2.8,b3=1.2
[ £

Harmomic bo ( Units of 102 at Ok

Cuadrupole Magnet, b= 1.68

‘E approx. 50 A
measurements on reference Z -
E
magnets 5
— Possible on-line feedback directly 0 S0

from chromaticity measurements Time (5)



Chromaticity - What observable to choose?

Tune Difference for different
beam momenta

0

used at HERA, LEP, RHIC in
combination with PLL tune tracking

Width of tune peak or
damping time

model dependent, non-linear effects,
Used extensively at DESY

Amplitude ratio of synchrotron
sidebands

Difficult of exploit in hadron
machines with low synchrotron tune,
influence of lattice resonances?

Excitation of energy oscillations
and PLL tune tracking

First promising steps in the SPS

Bunch spectrum variations
during betatron oscillations

difficult to measure

Head-tail phase advance
(same as above, but in time
domain)

010,00 |0

very good results but requires kick
stimulus = emittance growth!
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QQ’ Measurement via RF-frequency
modulation (momentum

B g¥e g.00NV a1eS s 1/ 100eks

modulation)

"

f &

P i

g i "-.

P I

f i i

- b , , g1

T ) - B

& i &

. 4 ' ; |
ST, b .

C R RS T

CONTROL Cale

Applied Frequency Shift Amplitude & sign of chromaticity
A F (RF)

calculated from continuous tune plot
CAS 2003 Rhodri Jones (CERN - AB/BDI)

Beam Diagnostics



@ Measurement Example during LEP [-squeeze

INOPHTSTORY C Lune 21704492 11200
horizantal tune Tersus Liae
B.E

Cu A60_256 028935 01:11: 36: 360
Da JE0_ 080 O, 28457 dy O0.00437

varkical tume wersms Lime
A.K

L=
]
=]
(=
(]
e
L |

a
o |

! A xrhhx“‘

_TJFE

B.20271924

Cu 269_222 8_22303 01:18:11: e
Da 2639.000 8, 21548 dy 00076
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Chromaticity & Head-Tail Motion

Positive Chromaticity (Above Transition)
Ap/p
A

Q>Q,

Q<Q

Longitudinal Phase-Space

CAS 2003 Rhodri Jones (CERN - AB/BDI) Beam Diagnostics



@ Chromaticity & Head-Tail Motion

Negative Chromaticity (Above Transition)
Ap/p
A

Q<Q

Q>Q,

Longitudinal Phase-Space
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Simulated Response

Simulated Bunch Ewvolution for Zero Chromaticity

100 150 200 250 300 350
Turn NMumber

E
o

Y
8]

Position in Bunch (ns)
N

Simulated Bunch Ewvolution for Positive Chromaticity

| 78 IR

N w
9] [#] [ 4]

-
[0}

Position in Bunch (ns)
N

100 150 200 250 300 350
Turn Mumber

CAS 2003 Rhodri Jones (CERN - AB/BDI)
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Pick-up Response (arb)
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@w The Head-Tail Measurement Principle

| 2=

Chromaticity = 5

Phase difference between Head and Tail

n
-

Phase Difference (A0)




@ Head-Tail System Set-up (SPS)

Fast (2GS/s per channel)
Digital Oscilloscope

SPS Tunnel

~

Straight

Stripline _-
Coupler %

//g/ Difference
Y

_ Bunch Synchronous
Beam Pipe j Trigger

VME J
UNIX Acquisition

N ia GPIB -
User Interface via G GPIB link

Beam




Measuring Q’ (Example 1: low Qs)

Head-Tail Chromaticity Measurement Interface - 23-10-

File Settings Drawing Options

2001_171644_19100ms

9GeV+1 -tim0.83.ht

Help

Acquisition: VERTICAL I

CERMISL xDataviewer 6.4

Acquisition Time IElQlOO ms
1200

Bunch Selector [

Views Subview

ZO0OMBACK ORIG:Pick graphfs

External Editor

v LoadiSave Select

Plot

Grid OFF

Zeroline OFF OPALL

Zoom Back OHy Box

Time fns)
49

Head Tail Data
Head Dai
-19.0 6

Bunch Adjust - | ]

Triger Position (%)
25

|

Time {ns)

Acg. Window

Humber of Turns [
Torns

Scale: 3 AN

Head-Tail Analysis:

Chromaticity = -0.3946 (-10.5)

1.0

| B El
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Measuring Q’° (Example 2: high Qs)

Head - Tail Chromaticity Measurement Interface - 23-05-2000_121709_1000ms_36GeV-R-2.7 ht
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Measuring Q°” and Q’”’

Radial Position versus Chromaticity (115GeV)
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Online measurement and feedback of Q & Q’

e The aim for the LHC:

— Permanent Q & QQ’ measurements with hard constraints on:
* emittance preservation
e insensitivity to machine-parameter changes
(orbit, coupling...)

— Online feedback to power supplies of quadrupole and
sextupole magnets (bandwidth < 10 Hz)

* What has been done so far:
— Early example from LEP — next slide
— Present situation at DESY — following movie

CAS 2003 Rhodri Jones (CERN - AB/BDI) Beam Diagnostics
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@ HERA-p solution:

e “chirp” tune

measurements \

e (msec)

o

=
' o h

=
—

* Online display

 Operator “joystick™
feedback to
quadrupole and
sextupole power-
supplies




Online Q-display at HERA-p with
“BLL” as control (brain locked loop)

Hexra P Famp gh green gv magenta
10000

| | | | F AV U |
- |HERA FROTOMN RAakE 40-920 Ge'
Tl Tunes gh green, gv magenta B
Excitation by 'Chirp' T0-20 kHz

[ frens ™ 47,3 kHz)
Theresponse depends on
hte coupling and chromaticities

1 i i i i i i i
025 o.z2r 0.z29 0.2 0321 0.23

3969 Gay |Sampr 2017:24:00 2002




Outhine for Today

Optimisation of Machine Performance
(“the good days”)

— Orbit measurement & correction

— Luminosity: basics, profile and 3 - measurements
Diagnostics of transverse beam motion

— Tune & chromaticity measurements

— Dynamic effects: tune and chromaticity control

— On-line B measurements

a4 N
* Trying to make the machine work

(“‘the bad days™)

— The beam does not circulate!

— The beam gets lost, when changing the beta*
U /

CAS 2003 Rhodri Jones (CERN - AB/BDI) Beam Diagnostics



LEP — No Circulating Beam
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Zoom on QL1

beer bottle
A




Unsociable sabotage: both bottles were empty!!
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@ ...and the corresponding diagnostics
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In these two lectures we have seen how to
build and use beam instrumentation to
run and optimise accelerators

Hopetully 1t has given you an insight into
the field of accelerator instrumentation
and the diverse nature of the
measurements and technologies involved
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