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_Workshop outlook, Accelerator part

11 WG, 1 plenary + 8 parallel sessions
Total 85 talks
Accelerator talks “due” in this summary - 68

All talks very good, but...

...due to lack of time I clearly cannot cover all
presentations

I apologize to the speakers

for the talks which could not be summarized
here
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FCCee, CEPC, ILC, CLIC

The BIG ones for the future...



eam-beam

Main Limitations Associated with Beam-Beam

» Beamstrahlung leads to an increase in the energy spread (several times at low
energies) and creates long non-Gaussian tails (mainly at high energies).

This requires obtaining a large momentum acceptance (especially at high energies) to ensure the
necessary beam lifetime.

* Two new phenomena were recently discovered in simulations:

1) 3D flip-flop (occurs only in the presence of beamstrahlung, when o, >> &,;)

2) Coherent X-Z instability

Both instabilities are bound with LPA and horizontal synchro-betatron resonances — satellites of half-integer.

Most strongly manifested at low energies.

® For high luminosity, an allowable asymmetry in the population of colliding

bunches should be small (because of beamstrahlung).
D. Shatilov

This imposes strict requirements on the injector and the scheme of its operation.



FCC-ee at Z (45.6 GeV)

Luminosity vs. betatron tunes, simplified
model, weak-strong simulations. Colors
from zero (blue) to 2.3-10%6 cm2c? (red).

Coherent instability: g dependence on v, and v..
Quasi-strong-strong simulations. Uy = 250 MV
(red) and 100 MV (green, blue).
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The distance between resonances is v,. The width
The range of permissible v, for large &

is bounded on the right by 0.57+0.58.

depends on & and the order of resonances.

We need to reduce & /v, ratio and increase the

order of resonances near the working point.

Decrease S, (and thus &).

This leads to a decrease in the
energy acceptance. Eventually it
can be reduced to 15 cm.

Increase the momentum
compaction factor: v, and g,
grow, &, decreases.

This is done by changing FODO arc

cell (K. Oide), which also leads to
an increase in &. However, g =1
pm can be achieved. Besides, the
threshold of microwave instability
is raised.

Reduce the RF voltage.

This decreases v, and & in the
same proportion, but increases the
order of resonances near the w.p.

Neat choice of v, between
synchro-betatron resonances.

D. Shatilov
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Turns

D. Shatilov
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Design parameters of SuperKEKB was stable
We squeeze * step-by-step
Instability was seen in detuned B* (8x,8x)

Cohlerent instability in head-tail mode due to large crossing
angle

Plan to study this instability in Phase Il commissioning
This instability is serious for FCC-ee design
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Unexpectm] beam ]*)l()\ﬂlp
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# D. El Khechen has observed an -

- - } J'ynl‘ﬂ\ ‘), s
unexpected vertical beam blowup in 3| AR Ul i WY LA
tracking simulations with beam-beam N !

Y
and lattice at FCC-ee ttbar. T e e
_ [
# The vertical (on closed orbit) emittance £ | /
of the lattice is generated by random 5 rwﬂ
misalignments of sextpoles and set to 1 1 / ., e oadeare
™Y
the design (2.9 pm = 0.2%). I
: - : o/
+ In early simulation with beam beam /
and lattice without misalignment did : S R
0 g0 100 150 200 260 200 350 400 430 800
not show such blowups (D. Zhou). rn
# The blowup strongly depends on the [T TC N N SO
random number for strength of skew RMS of sext. Offset () 11 15
quads or misalignment of sextupoles Seed 3 19
to produce the vertical emittance. ny @ (IP.1, 1P:2) () P (-8.9,8)
# See D. El Khechen'’s presentation on ey X By* @ (IP-1, 1P.2) () (6.8,1.09) (35.4.23)
Tuesday (WG4, 17:10) R2 parameter (1.8x103,1.8x103) (-5.1x10%,-1.8x10-4)
7. 17:10).

lattice emittance on closed orbit = 2.9 pm

D. El Khechen



+ This unexpected blowup occurs even when the residual dispersion at the IP
is below the criteria given by D. Shatilov with beam-beam simulation with
beamstrahlung but without the lattice.
revee_i_«<1 l_no:m_z.sad
: e, /&, =.2%, Agp=0%
+ Then it was found that such a blowup Sood =17 GLUT 2 45, Do . 1000,
could occur even without beam-beam. ey o THnes Rl A0, 24100, 0
20— & *2 e -
B A, e o 1
- r . = "y L% 1S o .:' <& N
+ The blowup depends on how the vertical 18f- JYa St IR Ry
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1 s E [ ,"‘Mﬁ * Antisymmetric Skew Q| 7
symmetric skew = x-y coupling & PR + Symmetric Skow Q| ]
dominated and antisymmetric skew = L 125_ ,,g E
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a 'YI& o ]
s . S il :
+ The blowup is explained by a Vlasov ' 8~ f -
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- (A J -
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+ The first sideband of the main coupling 1 tl:f?ls R
resonance has the most dominant effect. s - — — — 7’— = pros e sipms
h E <y2> in the synchrotron phase space —;  -0.35}— / LAz
+ With beam-beam, this effect appears ‘ /] . ,/ s V% /
. ’ S PV
differently. S .' g IRE S B
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[2] K Oide, H. Koiso, ~~Anomalous equilibrium emittance due to chromaticity in
electron storage rings”, Phys Rev. E49 (1994) 4474-4479.




imitations due to SR from F CCee

Vertical plane @
45 GeV

A. Bogovmiakov

@ Observed and studied a new effect limiting dynamic aperture.

@ Radiation from FF quadrupoles modulates p, at double betatron
frequency.

@ Parametric resonance in vertical motion changes damping. It is
observed in tracking and obtained by equations.

Q@ Estimations with some assumptions predict dynamic aperture limit
Jy imit = 510y, tracking gives 580, .

@ 7/2 phase advance between quadrupoles will decrease p,
modulation at double betatron frequency and eliminate parametric
resonance.

Horizontal
plane @ 45 GeV

@ Radiation from quadrupoles shifts the synchronous phase and
energy proportional to the horizontal action,

@ therefore synchrotron oscillations arise.

@ Horizontal tune dependence on action and energy of the particle
shifts the tune to integer resonance.

0?v,

900, and

@ Minimization of beta function chromaticity will reduce

enhance horizontal dynamic aperture.



Injection S

On-axis injection from booster to collider ring

Collider Ring Off-axis mjection from collider ring to booster

- " Booster - ' LT
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Even with the conditions:

Y. Zhang Horizontal offset 9% sigma_X
] B=] Vertical offset 50 % sigma_Y
: E\ S Intensity difference 3% .08 o
] 0 200 400 600 800 1000 120(
1 fp e —— . half turns
"= e = = = Different codes agree well 05 T T by — ]
C, Yy =

K.Ohmi '+ There is no flip-flop instability o -

l Collision is stable

) BT e~ B

-0.4
OnlySO'x DA needed 0 200 400 600 800 1000 1200

half turns

D. Shatilov



C
Low field dipole magnets

» Challenges: » Solutions by technical way

: * With magnetic core - dilution (better material
* Field error <29Gs*0.1%=0.029Gs g (better material)

* Field reproducibility
<29Gs*0.05%=0.015Gs

* The Earth field ~0.2-0.5 Gs. the
remnant field of silicon steel
lamination ~ 4-6 Gs.

» Without magnetic core (higher power)
a) CT b)CCT

a

» Thinking beyond CDR \

* Wiggler dipole scheme

* Combine the magnets with core
and without core

* Combine CCT dipole with
sextupole coils

U y
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New CLIC Staged Scenario ﬂb @

Plenty of physics at low ce « Review of effective operation time for luminosity per year e threshold
energies showed increase from 1.08 x 107 s to 1.2 x 107 ' Zh and WW

» Consider total of 5 extra years at full luminosity
Energy and luminosity tar =1 ab' @ 380 GeV

> op at
Physics Study Group =25ab' @ 1.5TeV we
= .

= SNENENEN——— :>5ab l@3TeV Odated with more
‘o L [ Integrated luminosity . 3 3000 3000 input from LHC and stage
S 6| — Total - 1

> - | —— 1% peak - -

= Implementation in stages

(@) 0.38 TeV 1.5 TeV 3 TeV

c - — i —_—

é 4 1 B cotector drive beam .

- mm BDS

- T mm  accelerator 100 MV/m

O i mm  accelerator 72 MV/m e

L 2 R — JLIL LT LT —
c | .

o)) i A e

= 0 il B PRI IR PP B —

O 5 10 15 20 25 et e
Year

Daniel Schulte CLIC , ee-FACT, Hongkong, September, 2018

D. Schulte



ke M
Klystron-based Alternative @ @

Develop klystron-based alternative
Expect comparable cost for first energy stage S Novel high
/ efficiency klystrons

But increases faster for high energies

0 0.5 1 1.5 2 2.5 3 7 x213 MW

2x 68 MW
1.625 usec 2 x Klystron
7 —— Novel pulse
strons Load#1
61 drive boam wmm compressors
= 5t ad :
3 : Load#? - Novel
2 4t CC chai PR
S ol —— M1 distribution
7] =
» system
S 2t , || 2xBOC y
1 /
0 8 x42.5 W x 325 ns
|

1 1 1

Ecm [arb.u.] . T 1T 1 1 i |
I 1 8 X _ASx m X Im
Optimised structure - U

Daniel Schulte CLIC , ee-FACT, Hongkong, September, 2018

D. Schulte
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We are preparing documents for
the last meetings!

* List of possible risks
* including those raised by Nomura report

* Plan for the preparation period (assumed to be 4
years)

* Answers to many questions

Unfortunately, all these are in Japanese

The Final decision to be made by MEXT and
Government, not by SCJ.

Only a few more months to approval/disapproval !!
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SuperKEKB

From simulations to real life...
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Specific Luminosity x 1031 [cm-2s-1/mAZ2]
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Squeezing B* is not enough if XY-YZ coupling is not locally corrected!

Y. Ohnishi



_Specific L and bb tune shifts

0.081@1.04 mA 0.088@1.44 mA
.5 T T T T T T L T
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0 0.05 0.1 0.15 6.2 0.25 ‘,"0.3 0.35 0.4 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
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v v
Luminosity drop at low current. = issue in Phase 3
L 1 125%10% . The beam-beam parameter is 0.02.
sp = = — = [em™=s7" /mA7|
npl I Am(0;0z)e? fooy oy

The beam-beam parameter is saturated at high

The beam size from Lsp is consistent with that of no beam-beam.
bunch current. = issue in Phase 3

Lsp = 4x1031 5 Oy* = 300 nm (& = 30 pm)

—~ & = 23 pm for single beam in LER 15

Interference of bb and lattice non-linearities degrades Luminosity

Y. Ohnishi
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Importance of local correcting coils

Skew quadrupole corrector coils in QCS (for each main quads.)

Rotatable sextupoles in LER

Sextupole corrector coils in QCS
Skew sextupole corrector coils in QCS

Octupole corrector coils in QCS

T octupole  octupole
QC2LP QC1LP

]

’#’1——— m—

‘ﬁ_ —I—-—*—- j TR

’ o QC1LE

. QCALE octupole

octupole

skew quad-like c

rotatable sextupole

sextupole

skew sextupole

skew sextupole
QC2RE

QC1RE

— ——

P -
QC1RP D
octupole QC2RP

sextupole skew sextupole
sextupole



XY coupling via QC1 skew quads

Bz =200 mm B, =4 mm |

Extremely low bunch current
15.8 mA/1576 bunches

to avoid beam-beam blowup as much as possible

and to get geometrical luminosity.
0.1 mA/bunch

2y=,/0;3 +0;i a;zzy/ﬁ

LumiBelle2 is good performance !

Very large beam size !

Estimation from X-Ray Monitor:
oy = 0.4 ym (LER), 0.5 pm (HER)
No change after adjustment of
X-Y coupling(R;) at IP

Measurement by beam-beam scan:
oy =1.253 ym — 0.689 pm

Very small !

Before R; adjustment
Vertical Scan
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After R; adjustment

Vertical Scan

yp2018_6_19_19_16_41.dat
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na Y. Funakoshi
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e-cloud... good news

Y. Suetsugu et al.

Additional permanent magnets

Threshold is much improved.
more than twice of 0.2 mA/bunch/RF bucket

Mode of CBI changes and the growth rate is reduced.

Phase1 June 9 2016 Phase 2 JuIy 12 2019
200 I - 200 T T
Phase—1 ECK Off Phas&z ECK Off
[ Affter attaching magnets to [ Permanent magnets at drift spaces
[ Al-alloy bellows chambers —_
i 4/150/3RF S ol 1
£ _ 4/150/2RF F . et
— R ™ =
‘;’ s 2 4/150/4RF o
— =
g '.'-‘ e
i . (] 4/120/4RF
£ 100 |- é 4/150/6RF_ N 100 .
s | r * 2 4n20p2RF /1208RF
L0 o
s | ~ g : . no
:0% £ % *
2 sl T o0 Ratartt 1 blowup
=
4
J
[
0 ] | ] 0 = | | o
0 0.25 0.5 0.75 1 0 0.25 0.5 0.75 1

Bunch current (mA ) Bunch current (mA)



S quenches... bad news

Number of QCS
quench per day

HER Storage
LER Injection
LER Storage

6

Beam Current > 500 mA

B, =3 mm

1 1 I 1 1
: Collimaiors are
L almost fyll open.

—

llllllllllllllllllllllll

1 I 1 I

Adjustment of the mbvabl

RF phase scan
Unstable region
for BxB FB?

Test of
waist knob

L L I

injection kicker
in LER(K2-3)

v

'l

e collimators

‘Belle Il abort system ' —]
(diamond abort) -

L

Synchrotron :
oscillation in LER -

Vv

f
Injection
with ECK

o"o"e"] 5/1
4/1/2018
The first collision
tuning
The first trial

of beta squeezing

Collimators not optimized
well when beta squeezing

45

6/1

A 7/1

|
|

in HER

Damage of collimator head

in LER

Damage of collimator head

Beam operation was
sometimes unstable.

High temperature

» due to Hot summer



Di edbac
Due to very small bb parameters in horizontal (0.0028/0.0012) the
orbit feedback based on the beam-beam deflection cannot be used

Input: LumiBelle 2

Converged smoothly

80 L) I L) L L) 1 I L) L] L] 00[)1
— B0 o
£ ] <
£ » ~o,008 S
= 40 'ﬂ‘i"“ e g — S
o e “"“W‘Jm&“"’ 7 =3
- Tl 33
® 2 Ho.008 5 3
. O
< - =3
T - =~ ®
) < o
T _ o
o -20 .0.004 73'r
& ; A -
> <
m -40 X A
- i;'u —o.002  oa
- NRLY T g
(oR
()
-80 4 0
20M
5/10/2018
Time
SLAC collaboration

Feedback cycle ~ 7 sec
Dither feedback worked well. But luminosity was not sensitive to the horizontal offset and

fluctuated for other reasons. No vertical orbit feedback has been used yet. REUTEIGH;
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Dl issues (conclusions)

Summary (2)

* A good IR design should try to be as “flexible” as
possible in order to “bend” and not “break” when
slightly different running conditions or circumstances
turn out to produce better machine and/or detector
performance

* One needs to study around the large multi-parameter
space near the design choices in order to find out
where the “breaking points” are located

M. Sullivan



ee HOM in IR

IR trapped modes and HOM absorbers

The two beam pipes combine into one in the interaction point,

here they can generate e.m. waves, depending on their frequency there can be trapped modes in the IR,
that might heat the IR .

The best design is model No. Il with a smooth beam pipe:

TABLE L. RF parameters of a trapped mode in the model 1 and model 3.

Propagating modes power

Trapped mode Near revolution Mode loss Mode decay

Power of a Bunch Bunch
Model frequency harmonic factor time trapped mode 5 mm 25 mm
No. |GHz) numbers [VAC) [ns) (kW] kW) kW] CAD deSign
5224 Ldandls 038 S5l 821 242 1077
= | LU 3.459 8 and 9 0.08 9.2 291 0.45 210 I

using CATIA

A trapped mode near the beam pipe connections.

The trapped modes analysis was completed*

The HOM absorbers have been designed for the
FCC-ee IR

*A. Novokhatski et al.,PR-AB 20 111005 (2017)

M. Boscolo, eeFact18, Hong Kong




ee synchrotron radiation

SR photon rates

Critical [DELEI Incomin rate on rate of photons
Energy ener number of| Current Y/xing on centr:I Ycentral that strike the
(GeV) 8 | bunches | (mA) | (soopm °" ™ ; central pipe that
(keV) fromitin) TV ANI N PN come from the

S owe ams usa 3 sa o
Cw w5 00 a0
h 125

36.4 328 29 1.05E+09 10.3 1.01E+07
w 80 9.56 1300 147 6.11E+08 0.18 7.02E+05
z 45.6 1.77 16640 1390 9.62E+07 | 1.92E-04 9.58E+03

* No SR from dipoles or from quads hits directly the central beam pipe (cylinder +/- 12.5 cm in Z with a 1.5 cm radius )
* Non-Gaussian beam tails, considered out to +/-20 G, and +/-60csy

*  On-axis beam

* Quadrupole radiation that may strike mask surfaces included

* Photons tracked into CLD and IDEA detector showing the effectiveness of masking system



IR Mechanics Assembly

(. No easy solution to install all the critical components in the IR with high precision; inspired by \
the Remote Vacuum Connection (RVC) developed by SuperKEKB
.+ Weare studying the special installation tools for the remote connection of bellows.

RVC head and drive gear cutaway view of RVC head RVC tail/handwheel structure

— —

-

— e e

RVC is under development

P @ 4% A &Y IT IR :
FARELTEE RGBT UR P



__CEPCIR Masks —

Mask design of IR

4cm
e
05mm—" W—gom—

9

lower).

-

4 . .
| — 3 mask tips are added to shadow the beam pipe
wall reduces the number of photons that hit the Be

beam pipe from 2x10% to about 200 (100 times

N

/

photon

The number of scattered photons that can hit the central
beam pipe is greatly reduced to only those photons
which forward scatter through the mask tips. The
optimization of the mask tips (position, geometry and

material) is presently under study.

trajectones|
from the
mask tps
/ that can still

Compensating solenold
Anti-solenold

QDO coll

Compensating coll

QF1 coll

Iron shisid

Hellum chamber

Warm beam pipe
LumiCal

Tip-scattered SR photons

=

gooonmEooom

WA 4 $0 32 2R fi

/  hitthe

i central H
20l | Yeam pipe Lo ! |
-6 4 2 0 2 4 6
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Polarization
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ldeas for longitudinal polarization

At Z the longitudinal polarization can be obtained by
installing two 9o° spin rotators, which are spaced by
antisymmetric chicane with +15 mrad bend from the IP point

Such scheme with zero bend between spin rotators has
minimal depolarization effects on spin motion due to SR

Pre-polarized electron and positron beams can be achieved in
a damping ring with strong SC bends or wigglers

Acceleration in the main booster can be done using static
solenoid field Partial Siberian Snake. Same in pre-booster

At W all this becomes much more difficult
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Option with antiparallel solenoid axes

o< ¢, :
N: Spin vertical

Antisymmetric chicane plus two 90° solenoid type spin rotators.
Opposite polarities of left-right from IP magnetic fields cancel spin
direction chromaticity outside of the insertion. Spin tune unchanged!

Spin rotation ¢ by the half-chicane (angle a):

=" 5 a= -2 —15mr(atZv, =103.5)

2 v,
Tolerance: Aa==5 mr
In this option only the chicane magnets contribute to the radiative

depolarization, therefore the spin depolarization time at Z exceeds 24
hours! But beamsstrahlung will decrease it, say to 1-2 hours. Still OK!




CE izat

Depolarization effect of quantum fluctuations in presence of ver
orbit distortions at CEPC has been estimated taking into accou
modulation of spin tune by synchrotron oscillations.

Spin harmonic amplitude of vertical closed orbit distortion sourc
should be corrected to level < 102 at Z-pole to ensure 50% equ
polarization degree.

If this is done it is possible to reach polarization in range (6-10)
GeV CEPC in time of (2-4) hours using e.g. ten shifter magnets
moderate characteristics.

Spin Response Function has been calculated for CEPC at 4
(in two ways for self-cross-checking). It allows us to determir
of machine field errors with respect to depolarization process

At 45 GeV, expected harmonic amplitude of closest integer s
(quad offset of 50 um, tilts of b. magnets and quads of 3-10*
times larger than desirable one. Correction of resonance har
103 and k= 104) is needed as it was done at LEP in past.

As can be seen from results of calculation of depolarizing infl
random tilts of quads, betatron contribution to spin-orbit coug
neglected in working range of energy.

It is shown that there is alternative possibility of obtaining pol
accelerating polarized particles in CEPC booster and then ir
into main ring. As Partial Siberian Snake one can use weak |
This option saves time spent on the polarization process, ant
crucial for obtaining longitudinal polarization.

Depolarization factor G=P/Po vs spin tune for two variants of shifter magnet system for
speeding up polarization: with field of 0.5 Tesla (left) and 0.6 Tesla (right)

0.8
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0.2]

o
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CEPC
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5,~0.128
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Spin Response Function for 45 GeV CEPC

Analytic formula

E=45.386 GeV (v=103)

IFvl step of integration

=1/60 of element length

20 000 40 000 60 000 80 000 100 000
Azimuth, m

Tracking-based

E=45.386 GeV (v=103)

averaging over 200 turns

IFY] h=1e-8 rad

T T
20000 40000

Azimuth, m

T
60000

1
100000

T
80000
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mce of the FCC-ee polarimeter

Detecting both scattered photons & electrons increases the
reliability of beam polarization measurement

Polarimeter provides ~1 % / s accuracy

The beam energy spectrometer option does not require
mandatory neither the B-field measurement nor the BPMs
data:

e Statistical precision AE/E =100 ppm / 10 sec

e Systematic effects estimation requires further studies: yet no
limitations were founded

e Test of the approach does not require high beam energy and
should be performed with low emittance beam at low energy

Allows to measure beam sizes & positions




tgh precision experime

S (@ Tk

High precision experiments in charmonium sector require beam

energy calibration

VEPP-4M storage ring with energy measurement by resonant
depolarization method provided high precision mass measurement
of J/¥-and W(2S)- mesons with KEDR detector with accuracy 2x107°

This narrow resonances can be used for calibration of energy scale of
other accelerators such as BEPC-II or future SCTF equipped with
Compton backscattering energy measurement system

J/v (0.7,pb™"), ¥(2S) (1.0 pb~') mass measurement with KEDR

detector
250
t- 1200 F f ’ I
Lt scan 1 /\ L /
L o= | x
1000 m , s Seanyti: "’
g . !‘ { @ oo - Scjns LIII
800 ‘?:: (f)“l’? 0 =

ooo F

™ Sca 12 100

400 AaTE oo o
L Oy 1 0.900
i A h0.020 o

¥

200 -

0

/

\LI

0
E.MeV
M,;, = 3096.900 + 0.002 + 0.006 MeV

1540 1547 1548 1549 1550 1551 180 Is1 182

KEDR Colaboration / Physics Letters B 573 (2003) 63

1843 Ise i85 1846

sl [. Nikolaev
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Technology
(some)



U.S. MAGNET

DEVELOPMENT Progress on high-field magnet

PROGRAM

concepts

. Block Cosine-theta magnet fabrication is progressing well, with coil fabrication
complete and mechanical structure tested

m.wllmwwn
l’ I‘ I

* Canted Cosine-theta:
o Subscale CCT currently being pursued for fast turn-around technology development

o CCT4 (the second Nb3sSn CCT 2-layer magnet) was tested, and thermally cycled
o CCTSis in design, incorporating feedback from CCT4

r RS

CCTS5, designed to address training, will be tested in October 2018 I




U.S. MAGNET

DEVELOPMENT

PROGRAM Significant progress on the HTS magnet front

* Bi2212 has made dramatic strides in Jc over last 3 years -ready for magnets 5 - ST,..-:_;:;:
o Wire has been cabled and tested in racetrack configuration (RC5) 5 -
o First Bi2212 CCT dipole has been wound; reaction and testing soon * | -
o Roadmap integrates Bi2212 CCT in a high-field hybrid magnet design -
oo - | e T T T TN
roco . !
g 30 Rco.z;
‘i z 1 bar HT (RC“
- saco] ms—sc-oe. »_NTS*SC-‘IO ;:24

T T T v T -
2006 200 MW 00 0M 0% oM MR
Applied field (T)

Year

0.400 =
* REBCO development focused on CORC® cables and magnet technology development umb R "’F? :
o 3-turn CO “dipole” was used to develop winding tooling, fabrication processes N ’
: COb wound with wire #2
o 40-turn C1 dipole was then fabricated and tested =201 s
Ep200 ¢ . Peak Jo = 1198 A/mm? b
o Anticipate >x3 improvement in tape Je and transfer function Foio | — i
0.7 Goal 35 00100 H }
Y /iidd@dd geo ! 0 £ | 0000 pelleitun, Semmn gt o p
| E ° 5 °~°5°c: 2 Gy 1 12 14
, : S. Prestemon
[} 10 20 30 40 S0 &0
Tilt angle (degree)
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Summary on magnets technology

 Magnet technology is evolving actively on all fronts
0 Permanent magnets may see a renaissance
0 Superconducting magnets have tremendous potential

« But need better understanding and control of technology

* Impact of magnet technology on accelerators depends on
improvements on multiple fronts:

o Material properties - performance and measured data

0 Advances in modeling - faster processors, improved physics,
improved feedback on design

o0 Advances in diagnostics: key for understanding and feedback

to design




_Few 1R magnets desi
SuperKEKB Cancel Coil Experience

bs Cancel Coil Design

The by, bs and bg
Cancel Coils also
A two-layer bs

Serpentine-style pattern | | match their tar get
for BNL Direct Wind production. . x
v profiles very well.

_"—

1  Calculated IR Quad |
[ External Field Profile
_ s e SN TR - Super_KEKB uses bs, by, bs & bs Ca?ncel Coils t_o buck
= non-linear fields from a neighboring quad coil.
g o Cancel b3 * The linear, by and b, components are not cancelled
3 but instead included into the IR optics design.
= 04
g a » Strong bz, b, cancel coils would themselves
o generate external fields and spoil main field quality.
J * When both beam energies can be simultaneously
0 bbbttt it L scaled it is conceivable to design field corrections in
Distance from IP (mm) both coils to maintain acceptable field; however,
Compare Measured bz to Target Goal this is not practical in an EIC where the beam

—



B. Parker |
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—  Design for Compact Supercohucting

300

.Y (mm)

All magnets are variations , “ %,
of same basic design. &=~

Magnet Used in the ILC 14 mr Layout.

.+ 14 mr crossing angle via compact
ot self-shielded QDO coil windings.

: ™, * Extracted beam passes just outside

( %3 coil into separate focusing channel.

' » Cryostat to fit within limited space
iInside detectorat L* =4.1 m.

148 T/m 140 T/m

.|

QDO prototype with |
G eI LB | QDO with active shield off/on
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Active Shielding for EIC IR Quadrupoles

220
200
180
160
140

Gradient= 132.6 T/m Gradient X Ry =8 T

A Coil Field [B] T

NbTi BNL Direct Wind

4« Active Shield Coil

E 120 Nb3Sn HQ
= 100 Main Coil
80 & Optional Passive
60 \\ Magnetic Shield
40 (3 mm)
20 £ =
9160 -120 -80 -40 0 40 80 120 160 200 240
BI(T) X (mm)
0.03 4.66 19.295,
2D and 3D Models
Y (mm)
Nb3Sn HQ NbTi BNL Direct Wind
Main Co|| Active Shleld COI'
X {mm)
Here 3 mm Thick

gauss at e-beam!

W

ut few Passive Magnetic Shield

Actively Shielded Coil Designs

As with the ILC QDO we can use an
Active Shield (here an anti-quad) to
eliminate the external field.

An Active Shield is useful for large
crossing angles, since one can null the
external field over a large region.

Field cancellation leads to gradient loss

=[1- (R1/R2)4] GMain

Fmal

Active Shield magnets are of interest for
both the BNL and JLAB EIC IR designs
and thus represent an area of common
R&D interest.

Models correspond to the “Fast Track” R&D
actively shielded quad now in production.
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Magnet quenches by beams were serious problem.

— Enhancement of beam diagnosis system and magnet quench detection system is
planed for Phase-3 beam operation.

Data of the magnetic field measurements on the beam lines are
still being studied.

— With the field measurement data, the precise and complete 3D field calculation

model will be constructed for the Phase-3 operation. N. Ohuchi
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CEPC SRF Technology R&D Plan

 SRF Key Technology R&D (2016-2020)
— High Q cavity
— Very high power (300 kW) variable input coupler with low heat load
— High power coaxial HOM coupler (1 kW) and wideband HOM absorber (5 kW)

« Cryomodule Prototyping (2019-2022)

— Collider cryomodules: 650 MHz 2 x 2-cell and full scale 6 x 2-cell (11 m)
— Booster cryomodules: 1.3 GHz full scale 8 x 9-cell (12 m)

— High Q operation (clean assembly, magnetic hygiene and flux expulsion)
— Beam test with DC-photocathode gun

« Prepare for Mass-Production (2021-2023)

— Supported by PAPS large SRF infrastructure (start operation in early 2020)
— In the frame of CEPC Industrial Promotion Consortium (CIPC)

— In synergy with other SRF accelerator projects
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igh efficiency klystrons @ IHEP

3 design schemes on-going simultaneously (plan - 2021)

Scheme 1: Optimize cavity chain by using the same gun as 15t tube
Scheme 2: With high voltage gun (110kV/9.1A), low perveance
Scheme 3: MBK, 54kV/20A electron gun

Parameter Schemel Scheme2?2 Scheme3
Freq. (MHz) 650 650 650
Voltage (kV) 81.5 110 54
Current (A) 15.1 9.1 20(2.5x8)
Beam No. 1 1 8
Perveance (uP) 0.65 0.25 1.6(0.2x8)
Efficiency (%) >70 ~80 >80
"POWEr(KW) 300 300 3U0(1I00%8)

* Manufacture of the 1% prototype will be completed next April because of
months of delays on construction of baking furnace
* Manufacture of the 2™ prototype will be started based on the most mature

scheme as soon as possible



B acuum@ SuperKEKB
P

* High bunch currents (1.4 mA/bunch) and
short bunch length (~6 mm) of SuperKEKB
is likely to excite HOM.

* Step-less MO-type flange is adopted.

» Vacuum-tight seal at the inner surface

» Maintaining smooth flow of the wall current
1.0 mm
across a gasket.

Gasket | | Vacuum

Copper Gasket (RF Bridge)

5"

Various ty.pes of the step-less MO-type_%langes for SuperKEKB
* SuperKEKB is the first machine to adopt the step-less MO-type flanges and comb-type

rf-shield on the large scale. .
K. Shibata



* Major problem 1 : Localized pressure burst accompanied “ [CEr] -~ ~ ,t
with beam loss in the LER —Hitazimum beam curen

|2 B2am cunnent
» Became obstacle to beam commissioning.

when burst occurred
» More frequent near or inside Al-alloy beam Eipes with grooved
surfaces in dipole mag. in the Tsukuba straight section.

» Seems likely to occur when the maximum beam current is
increased.

» Was reproduced by a knocker which impacts the beam pipe to
drop dust particles from their ceilings.

mp Most probable cause is collisions between the circulating beams 0
and dust particles falling from grooved structure on top surface. 9 e 1801
_ ‘ i Operation finve (Beam curremt > 51 mA) [k)

8

=
o

Number of burste per 50 h
B

™ " B :.' .
by
B - - - .- - 20° b
200 “
-ty %“ Ra28) g5y 1] (R0) \/
~ | ’ | v

|/
Va2l | \ !'nln'lil .
W A J".'I“. A ,nl.ﬁ,{“._,"\‘."\.' YWV Locations where the pressure
AR RARE N fl
T B bursts occurred most frequently
207 A 2 ~

K. Shibata
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ountermeasures

» Effect of countermeasures against problems 1 :
Localized pressure burst accompanied with beam
loss in LER

» Countermeasures during the shutdown before Phase-2

* Gathering of dust particles from the beam pipes where
the bursts were frequently observed by special tool &
vacuum cleaner (2 beam pipes.)

mP Many dust particles were obtained!!
* Knocking the beam pipes by the knocker to drop dust
particle in advance. (24 beam pipes)
» Frequency of pressure burst was greatly reduced in
Phase-2.

* But, not only at the location where the beam pipes were
knocked but also at other locations.

* Operation time with high beam currents was much
shorter than that during the Phase-1.

* Knocking is effective? The study will be continued.

Number of bursts per $0 h

40

30 |

20

10

[LER] Frese-1! Frase-2
— Maximum beam current
0 Beam current
when burst occurmed : gl
. J 810 E]
(=]
3
400 ~
X
.......................................................................... ]
N .
1600 2400 3200

Qperation fime (Beam currestt > &0 mad il

K. Shibata
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Countermeasures for Phase-2

@ Permanent magnets were attached to beam pipes at drift space.
& lype-1 unit: PM units with iron yokes; eight ferrite magnets (430) + one
iron plate (L160 mm), aligned with 40 mm gap.
& |ype-2 unit: PM units in Al cylinders; 21 ferrite magnets (¢30) in each Al
cylinder (L180 mm). No ferromagnetic materials. - placed close o
electromagnets

& Approximately 86 %of the drift space of the ring (~2 km) was covered
by B, with a strength higher than 20 G before Phase-2 commissioning.

Type-1 and Type-2 units near Q magnet Calculated n, in Type-1 units for the
> - designed beam parameters

B - i e
! Ll N Type-1 unit 4x1079m3
1/2500/2RF, 3.6 A (r<8 mm) -giot_dater

S =1-2
33310
2.3x10H
15330t
%1010

& Aluminum ~
cylinder

Type-2 unit




ECE in Phase-2

The stored beam current was still low at present, but a
preliminary study was performed on 29" May.

The blow up of beam sizes were measured for 2, 3, and 4 RF-
bucket spacings, although the bunch currents were not so enough.
& Bunch fill pattern = 8 trains with 60 bunches per train. In total 480
bunches.
No blow-up was observed until ~0.6 mA/bunch for at least 2RF-
bucket spacing.
[2018/5/29 Phase-2]

[2016/6/9 Phase-1]

200 —— — ———r—r 200 —— — ———r—r

- Phase-2 ECK Off - Phase-1 ECK Off

[ Permanent magnets at drift spaces [ Affter attaching magnets to
—_ I ] [ Al-alloy bellows chambers
E - & XRM 4 - A4 e -~ -
= 150 Il; — g 150 - XRM 4/150/2RF 2 4/150/3RF ]
= G = | S 4/150/4RF
e g 3 -
Ca A . [ % “ |
P ! 4/150/4RF w - 4,
N 100 o 4/150/3RF N E 100 | ;-:-.- 4/150/6RF_|
£ [ +_  4/15012RF ‘ 8 j & ‘
3 Y . © w
0 o i n
© I = [ °

50 - ® 50 |-

Tay ! !

. A B

[ 0.6

04 =" 1 | ; l

| ; 29 g ¢ pa | "y I [ & f oo o 59 3 ‘
0 0.25 0.5 0.75 1 0 0.25 0.5 0.75
Bunch current (mA] Bunch current (mA | Y. Suetsugu




Sy

L 2R 4

L 2R 4

» Quasi traveling wavp
s;de couple cavity/
oy \ , P, | \;'

Development of Photo-cathode RF Gun

M. Yoshida et al.

Succeeded in injection during SuperKEKB Phase 1 and 2 commissioning
Employs Yb-doped-fiber and Nd/Yb:YAG -~ e,
. Linac KEKB & Orbit (GR_A1) ”'Tumncmu
Iase:r., Ir6Ce cathode, QTWSC or cut disk H iwwa,'a- o Moo ,s,ua. AR ImA e
cavities - :
Stability improving ié}“ ,m,,s.u\, = ,,‘“ s ===
:,: o o v *
Beam instrumentation 5 L
improvements and i"""""“*‘ e 1 11 a1t e, [
comparison with | e, P EEmLRRLROEE
simulation codes underway " Bunch width Beam orbit measturement
S Cumandt | 006 AT, 00 (reg 125, 008 Gevef 0505, 0 09) Sk tesden A | 3P m G | w__.J) T ek e s | ﬂjﬂ
Secondary RF gun was constructed
as a backup
Incorporate suggestions by review committee

for availability and so on




NEG coating @ FCCee

E. Belli - NEG coating for FCC-ee

'Y

Y VYV VY

>
3
>

Surface morphology and thickness
» Real thickness determined by Scanning Electron Microscopy (SEM)

A, eq= 30nm (A,,m,- 50nm) Breqr= 2030 (Bygrger= 200nm) Arear= 1100nMm (Ayarger= 1000nm)

& ‘l-:/‘f)"/‘ sitlon |NFN(<‘:ECEC ))

Istituta Naziwnale & Fisica Nucleare

NEG deposition on chemically polished Cu samples by DC magnetron sputtering in a
cylindrical system

Kr as working gas

Intertwisted 3mm diameter Ti-Zr-V wires as cathode

Stainless steel vacuum chamber positioned in the centre of a solenoid providing a 200 G
magnetic field

Samples at 46 mm from the cathode

Movable mask to allow coatings at different thickness in the same run

28 at.% Ti, 29 at.% Zr, 43% V film composition, measured by energy dispersive X-ray
spectroscopy (EDS)

mmmmmm

W
S h

» Full surface coverage
» Uniform thickness
» Changes in the coating roughness with increased thickness




pact on longitu

E. Belli - Single-beam instabilities in FCC-ee

» NEG thin films with 1gym, 200nm, 100nm, S0nm thicknesses

» Microwave instability (MI)
O Instability threshold defined as the value of the bunch population corresponding to an increase of the energy

[ fa— p—
o ro —

RMS bunch length (mm)
o0

spread of about 10% w.r.t. its nominal value

0.14

PyHEADTAIL

%)

read (¥

0.12

£ 0.10

'BY 5]

—
=
=
o
075

200 nm

NS ener

Z 0.06

° 100 nm

R

50 nm

Nominal intensity

5x10"
Bunch population

» 1um thickness makes the bunch unstable

» Thinner films allow to increase the MI threshold
» For 100 nm film, MI threshold =~ 2x higher than nominal bunch population

.‘/‘rl,:rl.r,rl.i(;';

lpem
200 nm
* 100 nm
50 nm

0.04 4

Nominal intensity

PyHEADTAIL

5x101

Bunch population



E. Belli - NEG coating for FCC-ee

Electron gun

I
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I coll +1 sample
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Oxygen reduction (%)
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measurements

ee

After the 4tt activation cycle of 4h

—e— 1100 nm
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Thickness (nm)
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Primary electron energy (eV)
—e— (O reduction
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INFN ((EESD))

Istituts Naziwnake @ Fiskca Nucleare

SEY decreases
for thicker
layers

The presence of
O on the
surface is

< responsible for

higher SEY

maxr




®NE as a Beam Test Facility

* Workshop to be held at Frascati on December 177 2018

* Web page in preparation

Scientific Committee:
L. Rivkin (EPFL and PSI, chair) ag
C. Bloise (INFN-LNF) ' w4
A. Ghigo (INFN-LNF) , e 1 . a8t
M. Giovannozzi (CERN) S ‘
C. Milardi (INFN-LNF), DAFNE as Open Accelerator Test Pacilityin year 2020
N. Pastrone (INFN-Torino) i ety bt e vt e

ax collider by the end of 2020, An infrastructure almast unique, that could open ax Test Facility (DAFNISTE) to the international community

4 "
far wuding of accelernts malagios and beam physics, for small experiments, and o b wsed as » test bad for enterprises active in the
A. Variola (INFN-LNF) Sl —
Seder

DAENE-TF )Igorkshop 2018

RCaT0 e

Local Organizing Committee I |
A. Drago (INFN-LNF, chair) R
A. De Santis (INFN-LNF) ICEA G
O- R- BlanCO GGrCia (INFN’LNF) Detes: 17 December 2018 (09:00-17:00)

Timezone:  Europe/Rome

https://agenda.infn.it/conferenceDisplay.py?confld=16334




Summary of summary
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ext ICFA eeFact2020

* To be held at Frascati National Laboratories INFN
* Autumn 2020, dates to be confirmed
* See you there!
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INFN

Istituto Nazionale di Fisica Nucleare
Laboratori Nazionali di Frascati



