Energy matching

16/01/2023

Stéphane Cettour Cave
Giulia Papotti



Outline

Definition and goals
Tools to measure energy matching

Energy matc
Energy matc
Energy matc
Energy matc

Ning parameters
hing procedure
ning for the future

ning variation



Definition and goal

* Energy matching “definition”

« The energy matching is an adjustment of the magnetic bending fields and beam
momentum between two consecutives accelerators in a way that guarantees a
correct beam transfer between the two machines.

« Why is the beam transfer is better if we have a correct energy matching?
« The RF capture in the downstream machine will be better because:
« The synchro loop will only need to be finely tuned, not a big adjustment
« The mean radial position at the first turn and on the closed orbit will be the
same and closed to 0 mm => transverse parameters keep the same value on
injection transient.

« Equation (frequency error, orbit error and magnetic field correction)
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Tools to measure energy matching

« How we can see if energy matching is correct?
«  With this list of observables on the downstream machine
* Mean Horizontal position on first turn
« Mean Horizontal position of the closed orbit between 50 and 300ms
* Average position H on injection plateau
 RF synchro loop error

* Mountain range with RF off All these displays give
* Fast BCT with RF off the same information

« Upcoming tomoscope as in PS with RF off
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Mean position H on first turn
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Mean position H on closed orbit (50, 300ms)

File

o e o e Do A 20 X B O O oo ()

Acq

OpenYASP V3.7.9 SPSRING / LHC ION 1inj slip_stacking Pb82 Q26 2021 V1 /SPS.USER.LHCION1
Acqg&HW  Options Status-Control Optics & Model Steering Trim Machine-specials Help

‘SPS.USER.LHCIONI - 0-5982 m:

TBIUZISS - UB TUIE TRISNGLEIR - RalTge T 3705 [0 3715 - 1 rar

p 1
Data Sets Steering ¥|1 5 - Clamped out parameter to cycle length : 0

SPS.USER.LHCION1

| 16:02:55 - Loaded 12 DB rules
MICADO | 18:02:55 - === Function Trim Mo. 7 :

@ Steering MICADO | SVD | Single Kick | Short Length | Missing kick | |16:02:55 - #¥ DB rule CONSTANTIR - Range : 4345 to 5982 - In rg
J J Status TB % |

Calculate |

Steering configuration
to read the closed orbit
at 50ms

) FTurn

116:02:55 - MICADO /2 iter/H
Factor 1.00

G e Plane: ® Horizontal () Vertical

Context LHC_|ON_1Inj_slip_stacking_Pb82_Q26_2021 V1 @ 72§

50 ms | Incorp, rule :Db rule CONSTANTIR [725 -1345]

€O type:
orbit Batch

| 16:02:55 - === Trim No, 7 completed !

|16:02:55 - --=Trim time 169 ms / element
:|16:02:55 - Trim integral : 1.000 for MICADO [ 2 iter / H
:116:03:00 - Rejected 0 H monitors @ 3.5 sigma / B1

o T[]

# Correctors

D

|0rbit ‘ v|

[]Bare Subtract dP/P offset

:|16:03:00 - Rejected 1 V monitors @ 3.5 sigma / B1
| 16:07:52 - Start monitoring SPS.IMFO/Trim on SPS.USER, LHCION

Read CODs

[JAutosave O simulation n |16:09:24 - No data returned for device no 3 !
i Iteration Info Q\ o Q\ 20 P RE :[16:09:24 - No data returned for device no 4 !
[ | Difference []Sub. dp/p [ 16:09:24 - No data returned for device no 5 !

| LoadLast | 147 Il ] [+

Matrix Reconditioning :[16:09:24 - No data returned for device no 0 !
‘| 16:09:24 - No data returned for device no 1 !

ifagstioniZarail |16:09:24 - No data returned for device no 2 |

. [l OpenYASP DV SPSRING / SPS.USER.LHCION1 / LHC_ION_linj slip_stacking_Pb82_Q26_2021 V1
Mean H position | Baviews | 168 ) 031 /8] more |38
CO @ 50ms -P 17.070 GeV/c-SC # 22 - SPS.USER.LHCION1 - Type = Orbit - 04/10/21 16-11-46
corresponds to energy :
s {5 4 Hean = 1.305: / RHS = 1.927 / RHS-dp = 1.797 / Dp = ©.4913
set on the downstream ot I I I I I I
accelera‘tor 'E S:II_-.II -I_.I I II IIIIII II I_III-II IIII " I“I lll_ I--I II-- il l II lIIl III“ Ill A II III
=,
-5 @
Q 2|0 4|0 6IO Elb 1(IJO

Monitor H

CO @ 50ms -P 17.070 GeV/c - SC # 22 - SPS.USER.LHCION1 - Type = Orbit - 04/10/21 16-11-46

E
£ | ol Lk 1l L
g o | ‘ _.n_l_.'l_I _I_ .II ol . ll.l'l-. I._l-l.l-l.-llll - II_ I_--I-ll.lll-llll.l__l-.ll -,
> 2 ?
-4+
5 H
@ T T T T T
4] 20 40 [:14] a0 100

5 Mean = 0.662 / RHS =

1.349 / Dp = 0.4913

Monitor vV




Average position H on injection plateau
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RF synchro loop error
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Mountain range
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Fast BCT with RF off
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PS Tomoscope with RF off
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Parameters to adjust

PS settings
« Extraction magnetic field
* Rpos (radial placing at PS extraction)
* Synchro cavities
« SFTPRO: 200MHz to have a good structure on MTE beam (it
change the energy)
« LHC beams: 40 MHz rebucketing (it change the energy)

SPS settings
« BO (formerly Bfield) which is the injection frequency we send to PS
« IMains correction on injection plateau (Momentum)
« SPSBeam/Momentum to compensate magnetic hysteresis along injection
plateau (set when the energy matching is done)

for LHC (proton, ion) and SFTION: procedure not to touch BO
« “fixed frequency transfer”: 200.264 MHz

SFTPRO: legacy procedure not to touch PS, but to change transfer frequency
« will try and proceed as with LHC beams, at fixed frequency: 199.948 MHz



PS settings

Extraction magnetic field (in Gauss)
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PS settings

* Rpos (radial placing at PS extraction)

 Used by PS RF expert
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SPS settings

BO (formerly Bfield) which is the injection frequency we send to PS
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SPS settings

IMains correction on injection plateau (Momentum)
« SFTPRO generally negative and LHC positive
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SPS settings

« SPSBeam/Momentum correction
« compensate magnetic hysteresis along injection plateau (flattening)

&y LSA Applications Sufte (v null) [T+ o
Eile Applications Search Help
® sps -H@c ‘- 7| %@ ﬂlc spsop ¥

Sellings Management x

Source

[ Particle Transfer ] Parameter Group M Property 53] il L i =
SPSRING = | INSTRUMENTATION ~|[e “ SPSBEAM/MOMENTUM
= MorthExtraction =| jLaTTICE MEASUREMENT EDot
SPSinjection MD KNOBS FREV
T2Transfer >l |MmomENTUM | MOMENTUM
Select All OCTUPOLES, SPSBEAM/BETA

nj FB
1 HIRADMAT_PI
admat_dinj

Beam Process loLD_gsPLIT SPSREAMIETA =
BP [0->10800) IRF BEAM CONTROL SPSREAMIGAMMA
STCY 13,5 14 FT_Q26 2021 (0-=2( |RF BEAM CONTROL EXPERT | |SPSGAMMAT
LHCINDIV LHC_INDT [RF CAVITY CONTROL 200 KL
He S D TNt ACC 14 200 FT_Q26 2021 (1460-=| [RF CAVITY CONTROL 200 EXPERT FSET_BTG/InputDatal
FTOP_300 14780 FT_G26_2021 (34 RF CAVITY CONTROL 800 IMAINS
0] {9240 0B00) E CAVITY CONTROL 800 EXPERT | IBEE =
select all selact all | select all Hierarchy |
DFERATIONAL __Discrete | [, [ETI S una [~ am
[ show Sub Contexts Parameter fillers: none 7]

j Cycle ) Beamprocess

Injection Trim Histary

4
H Setting Part: Q Targell Carrection I Time Base:

SPSBEAM/MOMENTUM
0,006 — SPEEEAMMOMENTUM |

0.005-

0,004

0,003

0.002-

0,001

T T
200 ao0 600 800 1000 1200 1100

Before momentum |

e After momentum
correction e

e i e e e - correction

DrenVASP DV SPSRING SPS USERTACT 7THE BCME (30 7097 VT )

w
Towaor23 01132521 o | i 10A 022 01122221 o R ) I8 2 ] 5] 1 are | il

o1

] } < 03]
i, I { 1 o8 ' ' 1
£ 3 g e P TP R e

i

e o0 10000 13000 20000
o tmul N Time (ms)

5050 10000 15000 20000 5000 10000 18000 20000 5000 10000
Time Gms) Time (ma) i,




Energy matching procedure

SFTPRO

» Legacy procedure not to touch PS, but to change transfer frequency
« We used BO to changed the injection frequency send to the PS
* IMains corr at Flat bottom (+/- 1.5A by step of 0.2A)

* Now we try with fixed frequency transfer: ~199.948 MHz => B0 = 0.0631056
« Parameters used to do the energy matching at fixed frequency
« Extraction field at PS (normally +/- 30 Gauss by step of 5 Gauss)
* Rpos (radial placing at PS extraction) synchro cavities 200MHz set by PS
expert to have 200 MHz structure on MTE beam (it change the energy)
 SPS IMains corr at Flat bottom (+/- 1.5A by step of 0.2A)

LHC (proton, ion) and SFTION

» Fixed frequency transfer: ~200.264 MHz => B0 = 0.11691

« Parameters used to do the energy matching
 Never used B0 to change the injection frequency send to the PS
« Extraction field at PS (normally +/- 30 Gauss by step of 5 Gauss)

 Rpos (radial placing at PS extraction) synchro cavities 40 MHz rebucketing (it

change the energy)
« SPS IMains corr at Flat bottom (+/- 1.5A by step of 0.2A)



Energy matching procedure

« SFTPRO, LHC (proton, ion) and SFTION

* Reminder

« The mean horizontal position of the first turn corresponds to the energy at the
extraction of the PS

« The mean horizontal position of the closed orbit from ~50 to 300 ms
corresponds to the energy set in the SPS

* On the scope the synchro loop error corresponds of the mismatch energy
between PS and SPS

« Set BO to obtain the fixed frequency

 The goal is to vary different parameters listed in the previous slide so that the mean
horizontal position of the first turn is equal to the mean horizontal position of the
closed orbit and should tend to 0

 When the beam is injected, each parameter adjustment will be step by step,
otherwise you will lose the beam



Energy matching procedure

* For all beam types
It will be necessary to do several iterations to bring the mean horizontal position of

the first turn and of the closed orbit towards 0 mm

Careful when you will set the IMains correction as you will have to adjust the tune to

follow otherwise you may loose the beam

Once you are satisfied with the mean value of the first turn and closed orbit you
should see the effect on the various applications (RF synchro loop error, Steering)

RF Synchro loop error

1 SPS 202

SPS RF Mega Drive

Not Match

RF synchro loop,
unstable energy not

matched

Match

RF loop stable,
energy matching
improving




Energy matching procedure

Steering: Average closed
orbit before energy matching
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Energy matching procedure

To check if the energy matching is correct you can switch off the RF cavities and watch
the mountain range, fast bct or tomoscope.

« On the mountain range you should see no slippage after injection
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Energy matching procedure

* For all beam types

« On the FBCT you should see no slippage after the injection

RF off no slippage RF off slippage

Energy matching correct Energy matching not correct
'Bc';:::h- ?;;:\sity over cycle in 1E8 charges D . FBCT;E:; ';_:;;:Sity over cycle in 1E8 charges
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Energy matching procedure

* For all beam types

« On the tomoscope you should see no slippage after the injection

RF off no slippage
Energy matching correct
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Energy matching for the future

« Until now we did the energy matching by hand and it work well

For the future we will have an algorithm based upon aforementioned procedure to
do the energy matching in semi-automatic mode

Corrections will propose according to logged measurements (proof of principle
validated in MD. Algorithm and data collection in SPS QC since end of 2022 (FF)
proposed corrections already in NXCALS for end of 2022



Energy matching variation

Correlation with Mains magnet start from a long stop
* Not a problem because the beam accept this little change
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the change of energy matching
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Energy matching variation

For the AWAKE cycle we see a correlation of the energy matching and its place in the
super cycle
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Thanks for your attention



