Beam Dynamics Study Of PIP-ll Superconducting
Linac in the Presence of Misalignment Errors

R. Prakash#, A. Saini, L. Merminga, Fermilab, Batavia, IL-60510,USA
# Also at RRCAT, Indore, MP, India and HBNI, Mumbai.
rprakash@fnal.gov ID186 FERMILAB-POSTER-19-141-PIP2

Introduction
» The misalignment errors in the beam line components may lead to emittance Nominal Alignment Budget
dilution and beam loss In worst condition. Longitudinal acceptance of the linac. The beam falls well within the
* In the present analysis, misalignment error was applied on the cavities and magnets acceptance region.
and their effect was studied on the final beam properties. Source of Error RMS Unit
* Error study was carried out for the superconducting part of the PIP-Il linac starting Magnitude
from HWR section. _ Cavity X, Y displacement 0.5 mm
Set Up Large Scale Computing Cavity Z displacement 1 m
 Displacement - shift in the element position ol Cavity tilt 5/5/5/1/1 mrad
along vertical, horizontal or longitudinal directions. L. Cavity roll 5 mrad
- Tilt and roll - rotation of the element from centre 812 Solenoid X, Y displacement 0.5 mm
. . . . . ) : . - .
about vertical/horizontal and longitudinal axis, " 10 Solenoid Z displacement 1 mm
respectively. 5 % Solenoid tilt 1 mrad
. . E 6 | "
* A set of random displacement and tilt errors were 3., Solenoid roll 5 mrad
applied with Gaussian distribution in beam 2 gua?mPOIG A Y 0.25 mm
: : 1splacement
dynamICS COde Tracevvln l3_2.5 5.0 7.5 10.0 12.5 15.0 17.5 p 1 : . ’
. . . job running time on the grid (h) Quadrupole Z displacement 1 mm
 To execute the large number of simulations in Quadrupole tilt 4 mrad
parallel, computing grid at Fermilab was used. Time taken by the seeds to complete the PO ;
] ] o simulation successfully on the grid. For a test Quadrupole roll 1 mrad
Relative Emittance Dilution case, simulations for a set of 100 seeds with Cryomodule X,Y
A€ (E- — € _ ) 100k initial particles were launched on the grid. disol ¢ 0.3 min
— -t _\Lerror L,nominal x 100 Time in this figure includes waiting time in the t1SPiactinen .
€; €; nominal que and processor runtime. Cryomodule tilt 0.05 mrad
Error Study
Individual Errors Cryo-Module Errors
* All the errors were applied separately to study the ° M|salc|lgnment error in a c;yo];fmodulﬁ RMS CMonly CM+Random ::i::s:ﬁdodr:;yp Erxg:r;ox:i
itivi ' indivi Introduces systematic error and aftects a . . : . '
sensitivity of linac for |nd|V|c?|uaI error: N | y =M Disp. Tilt Disp. Tilt  applied. Later for a more
* 50 seeds were executed with 100k initial particles the elements within. Ae, /e, (%) 1.71 0.24 1432 1.16 realistic case, individual
. . . : - d |
for each configuration of error. A displacement e.rror.shlfts all element by Ae,/e,(%) 05 03 10.92 0.93 ;Zr;ezlmoenrrct)(r)s w:freca ch
s o 40 same amount while tilt error rotates them 0 P ry
g | Xy -z R | e ey =2 Ae,/€,(%) 0.98 0.21 8.58 0.94 module errors
s’ 2 0 about cryomodule centre.
CE g 2 Combined Errors
-‘E j E 10 * All the nominal misalignment errors from the table  3o- - — aese. | In the present histogram
s, = . were applied together and effect on the beam 25 1 ase, | Of relative emittance
0.2 Sol. RMS19i'I7t Error (mrad) 1.2 0.2 0.7 | 1.2 1.7 dynamiCS Was Observed. % | 1 Ag;/e; dilutions In X,y and Z,
Sol. RMS Displacement(mm) ] ] L. 320 most number of seeds
S oo * Aset of 100 seeds were simulated with 100k initial 5 s | exhibit  large  rms
-_§0.35 X =Ty =2 S, | XY 2 particles. 9 | emittance dilution ~20%
5 5 . . . . £ 10- - i ~
8 o3 M 5 * No correction scheme was used in the simulations. 2™ g In transverse and ~177%
U z , , s = — in longitudinal plane.
S . £ 1 * Centroid trajectory of the beam for all the seeds [+
o 10 . . 1
E oz -\/ E was plotted below. Maximum amplitude of e 6 so 100
2 s centroid motion was ~18 mm. Emittance Dilution %
- 0.2 0.7 1.2 1.7 0.2 0.4 0.6 0.8 A distribution of particle
Quad RMS Tilt Error (mrad) Quad RMS Displacement (mm) 201 ___ nominal Beam Centroid 40- B Particleloss | |oss among 100 seeds
< 04 20 E Trajectory  when , was also plotted in the
P ey % 2 | ex -y -z s combined errors  §* Fig. For this
50 5 14 E are applied. Red % configuration of errors,
5 s y 8 1 g line shows beam 3 | 50% of the seeds lose
= B e £ 10 centroid when no 2 2%l | >10 % of the particle.
£ 025 / £ = error is applied. |
T w g4 -0 .
N 0.2 g 2 =0 o 2'5 5'0 7'5 160 115 150 1';75 0 0 2x104 4x10f 6x104 8x10* 10°
= e o z(mm) Particle Loss
* 0.5 0.2 0.7 1.2 1.7
Cavity RMS Tilt Error (mrad) Cavity RMS Displacement (mm) Conclusions

RMS relative emittance dilution in transverse and longitudinal Large scale computation was done using Fermilab grid.

plane as a function of displacement and tilt errors. It should be , , . ]
noted from the fig., displacement errors have worst impact on ° Displacement errors have more detrimental effect of emittance when compared to tilt errors.

emittance in comparison to tilt errors. In some of the cases e.g. * Cryo-module errors were applied in the linac.
quadrupole tilt errors, emittance dilution was seen decreasingas o+ \When all the errors were applied simultaneously, most of the seeds show heavy losses. A suitable

the introduced error was increased. , _ ,
correction scheme will be developed in further study.
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