Algorithms to estimate corrections in the interaction regions of the LHC

using action and phase jump analysis

Javier Cardona

Universidad Nacional de Colombia

Sede Bogota

Javier Cardona Algorithms to estimate corrections in the interaction regi Universidad Nacional de Colombia



Introduction

One-Turn Beam Trajectory Equations

) Action and Phase Jump (APJ)!
Conventional

y(s) = V2JeBr(s) sin(¥r(s) — dc), y(s) = \/2J(5)Bn(s) sin(¥n(s) — 6(s)),

Br(s) and tir(s) “real” lattice functions, Bn(s) and ¥p(s) nominal lattice functions,

J- and é. are constants. . .
c ‘ J(s) and d(s) jump at error location.

!PRSTAB 12, 014002, 2009
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Action and Phase Jump Analysis (1)

o If a large number of Beam Position
Monitors (BPMs) are available, the
APJ equation can be used to make
plots of J(s) and 4(s).

e In the LHC, plots of J(s) and 4(s)
reveal jumps in the IRs.

@ These jumps are mainly due to the
magnetic errors in the triplet
quadrupoles?.

2PRAB 20, 111004, 2017
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Action and Phase Jump Analysis (2)

@ The jumps can be related to magnetic £
kicks in the left and the right triplets o
2_/0 + 2Jt + 4JOJt COS((gt — 50)
0L =
Bn(se)
E 0.45
2Jy + 201 +4Ji 1 COS(51 — 5t) >
|0r| =
Bn(se) 04}
@ J; and 6;, the action and phases in the g 34
space between the triplets, cannot be %32
extracted from the J(s) and d(s) plots. os
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Action and Phase in the Space between the Triplets

Jy = J Bu cos? e (1+ tan? Ve)

) B in the Space Between the Triplets BWr
‘ ‘ ‘ L+w
0t = n(st) + arctan < n) — 7t
e—w — BWn
E, where
L+ w
\_/ Yo = w,(st) -+ arctan ( r) — ¢,
ﬁ‘l" 5Wr
IP1
w, — w, + tan
%0 4o 20 (Cm)o 30 40 ~e = arctan < n r ; Bwr ’Yc> '
Bw, and w, are measured in the LHC Wn
using the k-modulation technique®. subscript n — > nominal variables,

subscript r — > real variables.

3PRAB 20, 111005, 2017
4GetLLM,WEPGW116, IPAC2019
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Equivalent Kicks and Corrections

@ Once all actions and phases are determined, 6; and 6, can be estimated

@ 0, and 0, can be used to estimate a correction that suppresses the effect of the IR errors
such as the AP jump and the -beating.

@ The correction is performed by changing the strength of two quadrupoles per triplet
according to the values determined by their corresponding equivalent magnetic kick.
Those strength changes correspond to the " corrector strengths”.
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Example of Correction (APJ plots)

Simulated particle trajectory is
generated with the error distribution:
Magnet M(jgi?‘;fgf;' C‘Eﬁgi“jﬁ%t)hs ol ] mm\m 1l \H\ Ll ]\\ M\ I
_ 1.1 Jt Erro:;ico?rg —
Q1L -07 - ---- g 1r i
Q2L 0.5 0.58 S —
Q3L -0.8 0.98 o7fF Ji
QIR 06  ----- 81;7
Q2R 15 ~1.56 i = ]
Q3R 1 -1.17 g1l s
[ - ==
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Example of Correction (3-beating)

0.6 " Errors only
Errors + 4 corrs
Simulated particle trajectory is 041 ﬂ 1
generated with the error distribution:
« 027 1
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Obtaining the Beam Trajectories

@ Beam trajectories are obtained from .
TBT data. 0 5 10 15 20 25

@ In theory, any one-turn trajectory
should be sufficient to do APJ
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i i 0 5 10 15 20 25
analysis. However, noise can be .
significant in the AP plots. .

@ Noise can be reduced by selecting E iWMWWWWWWWMWWO&
turns from the TBT data and >-2f ‘ ‘ ‘ L]

. . 0 5 10 15 20 25

averaging them to build a one-turn s (km)
trajectory known as the “average 75 R
trajectory”.
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APJ Software

@ Lattice Functions
e Nominal
o Real
o Average Trajectories L;/J EXP.TB';E:T.“. L /J
o APJ plots Formon 101 Dt
@ Equivalent kicks for the triplets
@ Corrections
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APJ Software (Nominal Lattice)

Module A

Get Nominal Files

Roscanaaa
ISSSSSSSSS
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APJ Software (Real Lattice)

——a

S

—

Read
GetLLM Output

Module B
Get Lattice
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APJ Software (Average Trajectories)

Y.
Read
Exp. TBT Data

|

Module C

W Format TBT Data

Module D
Get Aver Traject.
K- ion
g \\\

S
v A ‘

Eoacanase
ISSSSSSSSSS
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APJ Software (Kicks and Corrections)

@ Obtain action and phase plots and
estimate averages on each side of the
IR (Jo, J1, (50, and 51)

@ Obtain J; and 6;

@ Estimate kicks and their quad
components (6. ~ Biy e y(Se) ).

@ Estimate corrections.
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