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Introduction DA®NE

Injection linac and damping ring

Ref: [1,2]

510 MeV beam energy

Il complesso dei Laboratori
Nazionali di Frascati

2 beam crossings

1 interaction point

La grande cupola
che ospita DAONE

Rappresentazione schematica dell'intero
complesso DA®NE comprendente LINAC,
Damping Ring ed Anelli Principali
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* Now: Siddharta-2, no solenoid

* Before: Kloe-2, solenoid

First collider with crab waist
collision scheme

Modello
tri-dimensionale
degli anelli principali
di DA®NE con la nuova
zona di interazione
“Crab-Waist”
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Test of “Crab-Waist” Collisions at the DAPNE @ Factory
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Introduction DA®NE

* Electrodes for e-cloud mitigation

Ref: [3-5]

* No periodicity —» each ring isone cell = 403
= -2.0 S
* Independently powered quadrupoles 3 -
and sextupoles & 1.5
* Very flexible optics e.qg. collisions with - 1.0
negative mometum compaction factor L
Proceedings of EPAC 2006, Edinburgh, Scotland TUODFI02 -_ 0.0
DA®NE EXPERIENCE WITH NEGATIVE MOMENTUM COMPACTION I
M. Zobov, D. Alesini, M.E. Biagini, A. Drago, A. Gallo, C. Milardi, P. Raimondi, 05
B. Spataro, A. Stella, LNF-INFN, Frascati, Italy
1.0
mmp DAPDNE can test innovative and

novel concepts !

Interaction region Ring crossing region
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DA®NE and FCC-ee

M \

Ref: [3,6-8]
Parameter
Circumference [km] 97.756 0.098
Beam Energy [GeV] 45.6 80 120 182.5 0.510
Hor. Emittance [nm] 0.27 0.84 0.63 1.46 260
Bx* [cm] 15 20 30 100 26
By* [mm] 0.8 1.0 1.0 1.6 9
Bunch Length with SR/BS [mm] 3.5/12.1 3.0/6.0 3.3/5.3 2.0/2.5 1.4
Beam Current [A] 1.390 0.147 0.029 0.0054 245 (-) /1.4 (+)

* Electron-positron circular collider

« Comparable beam currents
 Crab-waist collision scheme
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3 Steps:

1) Large Piwinski angle

2) By comparable to overlap area size
3) Crab-waist transformation

Special crab sextupoles

sextupole (anti)sextupole
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DA®NE and FCC-ee

Ref: [3,6-8]

Parameter

Circumference [km] 97.756 0.098
Beam Energy [GeV] 45.6 80 120 182.5 0.510

Hor. Emittance [nm] 0.27 0.84 0.63 1.46 260

Bx* [cm] 15 20 30 100 26

By* [mm] 0.8 1.0 1.0 1.6 9

Bunch Length with SR/BS [mm] 3.5/12.1 3.0/6.0 3.3/5.3 2.0/2.5 1.4
Beam Current [A] 1.390 0.147 0.029 0.0054 245 (-) /1.4 (+)

* Electron-positron circular collider
« Comparable beam currents

* Crab-waist collision scheme =) DAPNE can test FCC-ee challenges!
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Possible Studies at DA®NE

* High current operation

* Impedance, wake field effects, ..

* E-cloud suppression studies

* Test FCC-ee feedback system

* Impact of experiments with and without solenoid
* Benchmark codes, monitor luminosity

* Studies of the crab-waist collision scheme N Already successfully
* Operation with crab-waist collisions performed or
* Lattice and optics tolerances > presently ongoing
* Measuring and correction and (crab-waist) optics also in the framework
* Luminosity increase thanks to crab-waist y of the FCC-ee study

* Possibility to connect BPMs to Libera Modules to record turn-by-turn data
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Alignment Sensitivity

Ref: [5]

 Final focus quadrupole location essential for crab-waist
* Huge impact on phase advance between crab sextupoles
* Moving final focus quadrupoles by 2 cm this spring improved optics

Sextupoles for crab-waist collision scheme

C\MSXP CWSXP

.- ,_ % > »H#HZTBB?::; §= :::éé&;'

FCC NOVEMBER WEEK

10 NOV 2020

* Off-center orbit through (crab-) sextupoles
(CS) lead to tune shift

* CS off and generate knobs for 1 mm orbit
* CS on and measure tune shift

* Increase knob strength until initial tune
reached to determine CS transverse offset

FCC-ee:
v Sensitivity of misalignments on crab-waist
v Techniques to identify and correct misalignments
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Coupling Correction

Ref: [5]
* Coupling correction for high intensity beams After corrections:
. . 0.3 % transverse coupling for electron ring
* Rotate quadrupoles to reduce tilt and coupling ol beam e no longer tilted

* Switch on skew quadrupoles

FCC-ee:
Starting point with new optics. | v Operation and hands-on experience with optics corrections
14 % transverse coupling for electron ring,

together with beam tilt v Study high current beams

M CE{W FCC NOVEMBER WEEK JACQUELINE KEINTZEL
\

SZA 10 NOV 2020 POSSIBLE BEAM STUDIES AT DA®NE



Possible FCC-ee Feedback Test

Very fast instabiliti wth rat t . . . . .
S oo ey GrowiEES W oy pynamic beam simulations for FCC-ee main rings and booster

4 feedback systems (4 stations) exhibit extremely fast coupled bunch instabilities of the order of
o few revolution turns —» Powerful new feedback design required

Ref: [9-11]

FCC-ee main ring

PU4
Station4

* In DA®NE positron ring very rapid horizontal instability —
multiple cooperative feedback scheme has been installed

Kicker1
Station1
PU1

a) Osc. Envelopes in Time Domain b) Evolution of Modes a) Osc. Envelopes in Time Domain b) Evolution of Modes
i, § VR é“‘s' ﬁs S TR & TR T Since 2008 a hew
_ : L 2 : ' e 2 i
St:ti:n22 KStT(“°;3 a?ﬁﬁ&ﬁfﬁﬂ 0 Time (ﬁig) Msde e 00 Time (m% Bunl:%tp\%lm 0 Tk (ms) U:?c?e M 0o Tim%'%ms) dOUbl e f eedb aCk
Pu2 c) Exp. Fit to Modes (pre-brkpt) - d) Growth Rates (pre-brkpt) c) Exp. FiltDMOdES (pre-brkpt) = d) Growth Rates (pre-brkpt} teChnI que IS
Extremely fast instabilities (growth rates up to ' B I éi s 5 ‘ ’ implemented
. L e 0 o | ST Fevs
1-2 revolution turns) £ 17 11813 120 Mode i 0 0 TIR‘EEtms) £ 1185 113 1185 120 successfully
.. - - - Mode No. Mode No.
4 feedback systems anticipating correction kicks €) Exp.FttoModes (postikp) _ 1) Growth Rates (post k) ) Exp FittoModes (posttrkpl) _ 1) Growth Rates (postirkpt)
2 PR e E . it i i 2 . e § o — ' g e
ekord FCC-ee main ring ous g . ’ _ gu e e
Station1 Station4 P\]iggel@g 0 ﬁrﬁe(m5 & M7 118 119 120 Mode 8. 0 0187078 5 & 1185 113 1195 120
PU1 icker3 DAFNE Ff(lG%E +/163745: lo- 435mA, Dsamp- 1 1, MedeMo. 3 pbun- 120, DAFNE E+ (GRRES/TTISTI: lo= 712mA. Dsamp- 1, SAREND- 1. Mbun- 120,
G2-0, Phi=-113.0003, Ph2=0, Brkpt=747, Calib AtFs: GI=4.1137. G2-0, Phi- 1486119, Ph2-0, Brkpt=315, Calib=1.
Single feedback dumping rate 128 ms- Double feedback dumping rate 234 ms-!
NOTE: the DPU
arc=25Km Chord=22.5 Km insertion delay is
Chord is 8.25 ys shorter about 400-600 ns FCC'ee:
than arc going at light speed )
v Test possible FCC-ee feedback at DA®NE
Kicker1 Station 3 . . . =
v Measure damping performance with different beam and layout conditions
PU2 Beam runs counterclockwise
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Summary

 DA®NE is demonstrating high current operation and crab-waist collisions for FCC-ee
* First collider with crab waist collision scheme — two runs with two different detectors
* High current operation with crab-waist
* Presently ongoing studies useful for FCC-ee
* Lattice misalighements and impact on crab-waist optics
* Optics measurements and correction which allow high current operation
* Possible studies in the framework of the FCC Innovation Study
* Analyse new crab-waist optics and implications on performance
* Quantify crab-waist and lattice tolerances
* High current operation * Test possible FCC-ee feedback system
* E-cloud mitigation ° ...
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