‘Status and Plans for EIC
Optics Tuning

October 21, 2022
Daniel Marx, BNL -

Electron-lon Collider
BROOKAROEN . jefierdon Lab (1) ENERGY

pe

Office of
Science




[ ]
Injector
II ltrOdUCtIOI l 3 Polarized
Electron
e )/ Q
Inje_ctlon ////

41GeV Line
Arc

* Focus here on Electron Storage Ring
(ESR)

* So far, much work has been done on
developing a baseline lattice (geometry,
linear & nonlinear optics, polarization)

* This baseline Is ideal (no errors), but the :;2‘:*: f/ cacns
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ring we build will not be riecer 169
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* Fast, time-varying errors (e.g. PS
ripple, vibrations) can only be corrected
with fast feedback

* Static or slowly varying errors (e.g.
magnet strength errors) can be corrected
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Outline

* ESR optics
* Why is tuning important?

* Orbit correction

* Tune & phase-advance correction
* Local IR correction

* Spin rotators

* Dynamic-aperture error studies



ESR optics

* Three energies: 5-6, 10, 18 GeV V5.6, 18 Gev, 1IP
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* Arc cell phase advance is 90° at
18 GeV and 60° at lower energies  «°
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* Initially operate with one detector;
possibly add a second later 0

* Flat beams, though still need to
artificially generate ver. emittance

* Beam is polarized (~70%) e M WW IL

* Challenging dynamic-aperture
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* Large beam-beam parameters
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Why Is tuning important?
* Beam offsets / misalignments — Betatron oscillations, dispersion,

emittance creation

 Orbit distortion, tune, B- & dispersion functions, chromaticity, coupling,
nonlinear resonance effects — DA reduction

 Beam-beam effect is very sensitive to tune

* Misalignments, vertical dispersion, and errors in spin matching — spin
depolarization




Orbit correction

* Most stringent requirements on orbit offsets come from polarization: Tilt of
spin axis n, and vertical dispersion cause depolarization

* A system of BPMs and corrector dipoles will be used to correct orbit

* Minimal (HERA) configuration for arcs:
* BPM near D quad
* Horizontal corrector near F quad
* Vertical corrector near D quad

* Studies in progress to confirm whether this is sufficient for ESR or whether
we need one BPM & corrector per quad

* IRs will have BPMs & correctors by most quads

b g ¢

* Additional correctors may be required for steering to correct optics




Tune & phase-advance correction

* There are several requirements on tune & phase advances from beam-
beam, DA, and machine protection

* We can correct the tune in the straight sections or the arc cells

* We have to ensure that phase-advance variations between arc cells are
small enough that they do not impact chromaticity correction

* Quads will be powered in series, so cannot use them for cell-to-cell
correction

* Instead, we can steer beam horizontally through sextupoles

* Simulations planned




L ocal IR correction

* Collision scheme has a 25 mrad crossing angle, crab cavities, and detector
solenoid

* Correction scheme being investigated using 9 skew guads on each side of
P

* These can be combined together into tuning knobs by evaluating the
sensitivity of the coupling elements at the IP (requires detailed study)

IP
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Derong Xu

LOcaI IR CorreCtlon Vasiliy Morozov

« Constraints per Derong’s scheme (36 in total):
At the crab cavities: g, = 150 m, a,, = 0
Transverse decoupling at IP: M~ = 0, Min~TP = 0, Mi~P = 0, MIZP = 0
Dispersion suppression at IP: D,, = D, =0m, Dy, = D;, =0
Optics fixed at IP: BIf = const, ﬁy = const, alf = a}. =0
Optics at the entrance and exit of the IR fixed: BL%,, @i, Di*, D™, B2%t, a2yf, DL, D,.°"" all fixed, D”1 out —
0 m Drm,out — 0
Betatron phase advance across the IR is fixed: ,um*"”t = const
IR transversely decoupled: ME~°% = 0, M{~0U¥ = 0, Mi~out = o, Min—out =
Crabblng correction: |Mcrab—>IP| < 0.4, Mcrab—»IP =0, Mcrab—>IP =0, Mcrab—»crab =0, Mcrab—>c1 ab _ 0,
Mcrab—m? ab _ 0
« Variables (45 in total):
13 normal + 9 skew quad strengths in the forward direction IP

16 normal + 9 skew quad strengths in the rear direction
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Spin rotators

* Spin rotators are located between the IR and the arcs
* Consist of a long- and a short-solenoid module
* Quads ensure decoupling and horizontal spin-matching

! Quadrupoles
Solenoid \ Solenoid
- a5 > Ve - >
ch 25 cm u 85 cm
* Cold-to-warm transition * Cold-to-warm transition

* Dual-plane corrector e Dual-plane corrector

e 2 BPMs




Spin rotators

—Ccos ¢ —Klssinqb 0 0

+ Transfer matrix for solenoid module: ~ m=| = 5" ~%¢ - 00
ransrer matrix 1or soienoid modauie. = 0 0 cos 2 sing

0 0 —%sinqﬁ cos ¢

* Consider 0=0.1% Gaussian strength errors on the quads in long-solenoid
module and simulate 1000 seeds

R13 R14 R23 R24
Max. 4e-3 8e-2 4e-4 4e-3
Mean le-3 2e-2 le-4 le-3

* Small residual coupling may be absorbed in local IR correction, but clearly
tuning is required

* Horizontal spin-matching condition also needs to be corrected




Dynamic-aperture error studies

* DA was initially optimized without
magnet errors

* Currently incorporating errors
Including magnet misalignments,
strength errors & multipole field
errors

* Misalignment & strength errors
based on errors in PEP-II design
study

Yuri Nosochkov

rms error X, mm | Y, mm |roll, mrad | dB/B, %
Dipoles 0.2 0.2 0.5 0.1
Quadrupoles 0.2 0.2 0.5 0.1
Sextupoles 0.2 0.2 0.5 0.2
High-beta dipoles| 0.2 0.2 0.5 0.05
FF quads » 0.1 0.1 0.5 0.05
BPMs 0.1 0.1 0 0
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Tighter tolerances
required on IR magnets
for sufficient DA




Dynamic-aperture error studies

* Correction scheme currently implemented in LEGO:
* Orbit = using double-view BPMs and separate X and Y dipole correctors near most quads
e Betatron tune - using 2 families of arc quads
e Linear chromaticity is maintained at +1 - using 2-family arc sextupoles
* Xx-y coupling - using individual sextupole vertical offsets
* Beta functions - using individual quad strengths
e Vertical dispersion - using vertical dipole correctors

* SVD method is used for orbit, dispersion, coupling & B-function
corrections in order to utilize correctors most efficiently

* Errors are added incrementally in small steps and corrected at each step
to avoid optical instability




Dynamic-aperture error studies

Orbit after correction:
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10-seed tracking with all errors
and corrections

Average rms orbit in 10 seeds:
0.24 mm (X), 0.32 mm (Y)

Typical rms corrector strength
~2mTm

ABIB decreases by factor 5
with correction

DA increases by more than 1o




Dynamic-aperture error studies

Two IPs, v5.6, 18 GeV, 2000 turns, 9 seeds, misalignment, strength errors,
multipoles (HERA quad, D1,D2 ESR/LHC, rms = unc), w/o radiation

 Example of DA with all errors and 07 '

. . . i ---- 10c
corrections included (multipole, , G, =128.5 um
. . - G, =28.2um
misalignment, strength errors) 15 - ool

o Similar DA with multipole errors f
only (no strength or misalignment Z10
errors) g

\




Conclusion

* Tuning corrects static or slowly varying errors—tight DA & polarization
constraints mean this is essential for the ESR

* Orbit & phase-advance correction is driven by spin-polarization and DA
requirements

* IR requires local correction—complicated by detector solenoid, crossing
angle, crab cavities

* Spin rotators will require tuning to ensure decoupling & horizontal spin
matching

* DA studies include correction of errors by tuning, but correction scheme
requires further study

* Vertical-emittance generation needs to be studied

*‘M uch more work to be done!
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