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ILC bunch structure
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notl 028 .24 022

IL VAN 1648 10704 70208 |
Overall net cryogenic capacity multiplier 154 1.54 .
Heat load per cryogenic unit including multiplier  (KW) 33.23 / 4065 4.03 /496 288 /357
Installed power (kW) 547,669 797,951 2028 / 2511
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Oide Limit (Theoretical Limit of IP Beam Size)

The theoretical limit of minimum beam size at IP is determined by
the aberration by synchrotron radiation at final focus quadrupole.

Synchrotron Radiation
—'\"AVAVAP’ !

Aberration

|
Final Focus | | | b , o
Quadrupole | L | L* | y synchrotron radiation

< »
< >

Since the beam distribution itself is deformed by the synchrotron radiation,
we cannot compensate the effect by optics correction.




Oide Limit ( continued )

Beam Size Defined by Linear Optics IP beam size growth by synchrotron radiation
( smaller for smaller IP B function) l - larger for larger B at quadrupole
l AE 2 - larger for smaller IP B function.
0_2 ~ 0'*2—|—(L*O'*/)2< >
Yy Yy Y I

1%

L*\? (e, \?
o3+ oo () ()
Y

The theoretical minimum IP beam size was determined
by making the balance of two beam sizes as

7o\ 4 7 Ecy 500 GeV 1TeV
By min = 1.29v {C%TQ)\Q(’Y@)?’ (f) } ILC design By 410 um 225 um
7\ 2 7 Oide limit i — -
i .8 nm .8 nm
O-Z,mil’l = 1.35 {le]“e)\e(f)/gy)5 (f) } O-y,mln

~ * ICESDE—LY A XIBHEAIBRFTRE > TULWEL,
= 1.194/€4 0y min Tl AITCEE>T3D? 2
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' Short focal depth }

Effective beam size for collision

— Effective Beamn Size
— — Ne Hour-glass Effect

P ILC Epy= 500 GeV
, 0,= 300 um
f ,3;= 410 um

0 1 2 3 4

By/az

NZFORSICE > TRELRY AARDNT A —RXHRE S,

h
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RF frequency 1.3 GHz

ILC superconducting RF cavities

Wavelength 230 mm « NVFRHIFRL
( 640 um/degree) L 2 /R 4 rwv v > EE?'J'[EJ E—L
U YL XHKEL,
Bunch Length | RIL DKL+ % RIS
= 300 um for E¢y; = 500 GeV METE S,
= 250 um for Eqpy = 1 TeV
RF frequency 11 GHz
Wavelength 25mm N FRHFEL
( 69 um/degree) > EEARE—L
U P XHhIPhEW,

o SRILDKF%Z=RRFIC
IR TE AL,

Bunch Length
o, =72 um for Eq-p; = 500 GeV
0, =44 um for E;py = 3 TeV

ERATEZE TS BNEDIZMEANX IEEKREH) TRE-TLE,
= ERTEEARICENEITE-—LZEBIRNIDPLRE-TLE D,
= COREONFHZMETEEIHhHRE-TLES,
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Beam energy reduction by beamstrahlung
5 = AE, 0.836 yN?1} 1 yN?r3
BS = — ~—
E " g,(or + C,y*)z 1+ 131032 5 [ | 0;)2

Beam energy spread by beamstrahlung

IR

OF, ~ 0ps | N e Beamstrahlung makes energy spread in collisions.
E 2 [Ny = It affect to the quality of experimental data.

Simulation of beam-beam effect (1% Luminosity)

M
y [x10°34]
)] o

Luminosit

o
n

Luminosity dependence of IP horizontal beta function by keeping o0,

ECM=250GeV ECM=500GeV

o
=

TDR parameter

| TDR parameter ' '
Total Luminosity |
15}

Liminisity within 1% of Ej,

Total Luminosity

Luminosity [x10"34]

ECM=250GeV o5l ECM=500GeV
Total Luminosity I Total Luminosity
1% Luminosity 1% Luminosity

Liminisity within 1% of Ej,

11 2 1 4 15 16 17 11 2 1 a2 15
%eta)g* [mm] %eta)g* [mm]
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Determination of the luminosity for Linear Colliders

Luminosity L = fn,

NZ

% %
4oy o,

The vertical beta function is roughly optimized to the bunch length

to minimize the hour-glass effect as

0;2 = pyey By = oy,

The horizontal beam size was defined with
r3N2y
0-2535

*2 O
X

Then, the luminosity can be expressed as

Determined by main linac

beamstrahlung parameter

In order to increased the luminosity,

1) Make small vertical emittance

Determined by damping ring

2) Make beamstrahlung parameter large.
= make the balance of the luminosity and energy spread.
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ILC TDR IP parameters
ILC TDR

Table 8.2. Energy-dependent parameters of the Beam Delivery System [84].

Center-of-mass energy, Fem (GeV)

Baseline Upgrades
Parameter 200 250 350 500 | 500 1000 (A1) 1000 (B1b) Unit
Nominal bunch population N 2.0 2.0 2.0 2.0 2.0 1.74 1.74 %102 |
Pulse frequency frep 5 5 5 5 5 4 4 Hz
Bunches per pulse Nyunch 1312 1312 1312 1312 2625 2450 2450
Nominal horizontal beam size at IP o 904 729 684 474 474 481 335 nm
Nominal vertical beam size at IP ar 7.8 7.7 59 5.9 59 2.8 2.7 nm
Nominal bunch length at IP o 0.3 0.3 0.3 0.3 0.3 0.250 0.225 mm |
Energy spread at IP, e~ obE/E 0.206 0.190 0.158 0.124 0.124 0.083 0.085 Y%
Energy spread at IP, et B/ E 0.190 0.152 0.100 0.070 0.070 0.043 0.047 %
Horizontal beam divergence at IP o L7 56 43 43 43 21 30 prad
Vertical beam divergence at IP 0;; 23 19 17 12 12 11 12 prad
Herizontal beta-function at IP s 16 13 16 11 11 22.6 11 mm
Vertical beta-function at IP ; 0.34 0.41 0.34 0.48 0.48 0.25 0.23 mm
Horizontal disruption parameter Dy 0.2 0.3 0.2 0.3 0.3 0.1 0.2
Vertical disruption parameter Dy 24.3 24.5 24.3 24.6 24.6 18.7 251
Energy of single pulse Eoulse 420 526 736 1051 2103 3409 3409 kJ
Average beam power per beam [Zve 2.1 2.6 3.7 5.3 105 13.6 13.6 MW
Geometric luminosity Lgeom 0.30 0.37 0.52 0.75 1.50 1.77 2.64 x103%* ecm—2 571
— with enhancement factor 0.50 0.68 0.88 1.47 2.94 2.71 4.32 x10%* ecm=2 571
Beamstrahlung parameter (av.) T ave 0.013 0.020 0.030 0.062 0.062 0.127 0.203
Beamstrahlung parameter (max.) Y max 0.031 0.048 0.072 0.146 0.146 0.305 0.483
Simulated luminosity (incl. waist shift) L 0.56 0.75 1.0 1.8 3.6 3.6 4.9 10%cm—2 5!
Luminosity fraction within 1% Lo /L 91 87 77 58 58 50 45 %
Energy loss from BS dFERpg 0.65 0.97 1.9 4.5 4.5 5.6 105 %
ete™ pairs per bunch crossing Npairs 45 62 94 139 139 201 383 x10°
Pair energy per B.C. Epairs 25 47 115 344 344 1338 3441 TeV
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CLIC CDR parameters

CLIC CDR
Description [units]| 500 GeV 3TeV
Total (peak 1%) luminosity 2.3 (1.4)x10%* 5.9 (2.0)x10*
Total site length [km] 58% 61% 13.0 34% 48 .4
Loaded accel. gradient [MV/m| 80 100
Main Linac RF frequency [GHz| 12
Beam power/beam [MW] 49 14
Bunch charge [10° e*/e~] 6.8 3.72
Bunch separation [ns] 300 0.5
Bunch length [um] 12 44
Beam pulse duration [ns] 177 156
Repetition rate [Hz] 10/35 50
Hor./vert. norm. emitt. [10-%/10—m|] 2.4/25 0.66/20
Hor./vert. IP beam size [nm| 202/2.3 40/1
Beamstrahlung photons/electron 15 2.2
Hadronic events/crossing at [P 3 32
Coherent pairs at [P 200 6.8x 108
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Beam position change in the bunch train

ILC RF structure (2a =70 mm )

i 111 il 1]
Bunch Trﬂ % 554 ns

le »l
§= L |

ol _ AR
unc acin x1312
o Muuuuuu i

- -

0.726 ms

Since the bunch separation is 554 ns for ILC bunch structure,
the multi-bunch wake is small effect to ILC beam (dominant for short-range wake).

Bunch-by-bunch position change via wakefield is small.
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ILC bunch structure

Since the train interval is 0.2 s,
the pulse-by-pulse position difference
affect the vibration above 5Hz.

% i i
Bunch Train 554 ns
» 0.2s e |
ARERRE
Bunch Spacing ij 1312 M Lm
LU " I

-

0.726 ms

Since the train length is less than 1 ms,
the position difference within train
affect the vibration above 1 kHz.
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PSD horizontal [m~2/Hz]

IRMS horizontal [m]

Vibration of environmental noise

Most of the environmental noises are a few 10Hz.
The amplitude is changed by the ground environment.

PSD of honzontal V|br for 5 QPs in FF

PSD of vertlcal V|br For 5 QPS in FF

10:‘ Ofnrr o :i_ m“ . ornrr L
m“r:“ “,‘ | ‘. xﬁ | = gfgsggr cooling off o }“‘.‘M e = 333595: cooling on
10 P e 10D S A W —
10 Fo* g
10" E 107
10" { é 107
Environmental Environmental
noise noise
10 10"‘ ' ' e l(‘)’hml — ' ' e .16’ 0 10:‘ o .161fr¢q[u¢]l ' e -167
IRMS of honzontal vnbr for 5 QPs in FF IRMS of vertlcal vibr. for 5 QPs |n FF
v OF]IFF — i r— ornrr e
| QD10AFF i I QD10AFF i
= ' s | ! s
e —— —— = - gfosm»r Iz 0 I — 8&9»5
1 | SRR s\ QF9BFF
! \\ Pt 2
10° 1 “i E 10° 1 ) k
| N—) 8 I
| £ oy, ®
- =\ Position change
vt Position change \\ gwy bet tg ] 1
. : N in between train
in between train — . S
ol : Vibration ** | 5H Vibration
Z ey g3 .
1 5Hz | .WIthrn train ! within train
10° flrz;uency - 107 10° xo‘m -~ 107

Position feedback for 5Hz pulse interval is important for ILC.
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Vibration Tolerances [nm]

Tolerances of magnet vibrations

The tolerances of ILC final doublet are tight.

1000

B ILC Z
ATF2 1x1 optics
ATF2 10x1 optics
100
NZ N7 1§7
101 §
0.1 =
0 ] o 0 0 0 0 0 0 o ] 0 9] 0 0 0
2 9 8 o 8 J g & a R g & 59 I 8
S Jc>> w x> w > w - w =

Tolerance of magnet vibration without feedback

QF1 QDO
ILC 2.2 nm 0.7 nm
ATF2 16.6 nm 4.5 nm

The vibration tolerances for final doublet are very tight.




How to monitor the IP beam position

When the beams have large IP offset, the beams are diffracted by beam-beam effect.

_ILC 500GeV (Beam offset) =0

100
50
=
£l
(<)
50
W T aw w ] W 1w i 100 5 5 ; 3 5 ]
: - 2100 15100 1100 500 0 00 1100 1510° 210
S
(pm) s (m)

ILC 500GeV (Beam offset)=1o0

200

150

100

s0 [

=50

-100

-150

-200

3

2 3 3

210 1s510° 110 -500 0 500 110 1510° 210 -210 151080 10 -500 o 500 110 1510° 210

We can know the IP beam offset from the beam diffraction angle.
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Intra-train position feedback

104t - N=2el10 |
— = TR N=1e10 Kick angle at N=2e10 is 4urad/nm.
" +0.2 = |
e b
) \ When BPM is put to R34=5m,
g 0 \ ! the position difference is 20um/nm.
i \
g .02 ; * » oy
o - We can correct IP position within 1nm
o4l il | with 20um resolution BPM.

-300 -200 -100 0 +100 +200 +300
Vertical Offset [nm]

iy C I (il il
Bunch Train \ o 5.5“":5
e 28 Ny

LT
Bunch Spacing x1312
UL " A W H

|
r* >

0.726 ms

Kicker

/

Requirement of latency of feedback is within bunch separation.
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Vibration Sources 1

The QDO vibration generate the IP beam vibration.

The QDO is supported by using long pillars,
the vibration of the cryogenic transfer line is a problems for ILC.

Platiorm

QDO and detectors
are on same base plate

Pillar

A

-
s
"%

“Cryogenic Transfer Line

In order to avoid the liquid Helium vibration,
ILC designed to use 2K helium to be super-fluidity.
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Vibration Sources 2

In order to generate 2K Helium,
we need service cryostat
with heat exchanger.

Pillar

;. , Service cryostat is designed
Platform to locate into the pillar.

The tolerance of QDO vibration is 50 nm by using intra-train FB.
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ILC Intra-train feedback simulation

Simulated by G. White with ground motion model A,B,C:
International Linear Collider Technical Review Committee,
Second Report, SLAC-R-606, 2003.

b F et ity 4u, I I | I I | I I | ]
GM model G NonTinal
sop —Lypjtjz (N0 IP-FB) ]
% .Lrnax (with IP-FB) 1
. 5 20+ -
—with GM model A 3 _
—with GM model B r :
——with GM model C 7 101~ 5
—with GM modsl K
0 50 100 150 200 250 300 350 8.2 04 06 038 1 1.2 1.4 16 18 2 22
Runch # L[Iﬂ34 o2 5-1]

The luminosity is reduced by the ground motion.

But, the luminosity can be recovered by using intra-train feedback.
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Incoherent Pair Monitor

The beam size will be optimized by monitoring the Luminosity monitor
in actual ILC beam operation.

Forward Calorimeter System for MDI

ILC : head-on collisions at Ecm=250GeV

, Calculated by CAIN 2.42

10000
ILD ax=0 (729nm)
’ 2x1019/bunch o R > 2cm at 4m from IP
with B=3.5T
< 1000 Il
c 8 (5.88um) 8]
= @x=0 {93.08UM o o .
“-'.i.. ax=0 (729nm) | @& o Slgma < 1um
| b 100 * o
— @ 1x1019/bunch o ©
Pair Monitor o
| g * ) Q
LumiCal g 10 4 - o 1.
_0 19 (@) - - . R
HCAL SL/L=0.1% < o ax=8 (5.88um) — R i 5 o 9 9
)
& 1 d
-
E - 9
0.1 | | | |
1.00E-09 1.00E-08 1.00E-07 1.00E-06 1.00E-05

Vertical Beam Size (m)

presented by T.Tauchi (KEK) at AWLC2014

High sensitivities for small beam ( smaller than 1 um)
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Beamstrahlung Monitor

High sensitivities for larger beam ( larger than 1 um)

ILC : head-on collisions at Ecm=250GeV

Calculated by CAIN 2.42

Beamstrahlung photons

S 2x10'%/bunch Beamstrahlung photons
Integrated Beamstrahlung Spectrometer c
2
uuuuu ~ ax=0 (729nm) o o o
< Q
% 100000 2]
S a@x=0 (729nm) Q
2]
& =8 (5.88um) | ® “ b I | o
© ° ®
P 10
< 1x107%/bunch ) . ©
[ - beam strahlung gamma's [e)]
- positrons produced at foil C 10000 N ®
e S a=8(88um)  # s w ® % = o 5 @=0(729nm)
< -
o -
i . 0 | =8 (5.88um)
Figure 1: Concept for the GamCal. § * g T-1801/7um)
m ax=0 (729nm)
W.M. Morse, GamCal - A Beamstrahlung Gamma Detector for Beam Diagnostics, LCWS07 Yy— 1000 ™
% ax=8 (5.88um)
L]
hul . ax=16 (11/7um)
o Sigma > 1lum
w
8
|2 100 T T T 1
1.00E-09 1.00E-08 1.00E-07 1.00E-06 1.00E-05

Vertical Beam Size (m)

presented by T.Tauchi (KEK) at AWLC2014

We will optimize the IP beam size by monitoring
the incoherent pair monitor and the beamstrahlung monitor.



FONT (Feedback On Nanosecond Time scale)

developing by Oxford Uniyv,
the detail of FONT is in “ N. Kraljevic et al., Proc. of IPAC16, THPOR035”.

Focal Extraction Beamline

Final Focus System
Point

Straightness Monitor Intra-train feedback (FONT)

Laser Interference Fringe Monitor
IP-BPM(future)

Wire Scanners

“\i; Chand BEN Croand BFN \ OTRs '\ C-band BPM Fast Kicker
\ Beaén bt'eﬂ ﬂea Pulsed Laser Wire
Wire Scanner  Final Doublet IPr-BIIt°MIt onitor
S-band BPM
2 bunches
n ‘ P1 P2 P3
]
> -
130-280 ns
Bunch1 — Bunch 2 | B S I R R O A 6
100 , e : . 80, = - - - K1 D10 QF11x K2 QDX aF1ax QD14 CF 15X
[ GUERM [ R
i 2 2l - - ll-|:.-'|'_

- latency ~133 ns

L

o (y,y") 2-dimensional feedback
0.4 um with 2 BPMS ans 2 kickers
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Bunch1 — Bunch2

Propagation to IP position jitter
The position jitter, stabilized by FONT was propagated to ATF2 IP.

- D.m_ @ @B.O0 @ B8

B OB B B

| ) 4
[ 2 1] i [ . ===
B 0 4m How | .

\ S-band Linac - f
A o . : . WL ol Transport
High Energy Accelerators Research Organization (KEK) Damping Ring ¢

2.1 um 0.4 um
FB OFF: jitter 14.7 nm ... ..
- I e £B ON: ’jitte,. 2.6 nm The IP position jitter
Assuming perfect lattice, 10f | MEFB o 26 _| T - d dto 2.6
no further imperfections () 2 - a;tltlgr{gi?‘:‘l‘:.ﬁgt?osﬁr was r e uceadto 2.onm
ug ‘ by using FONT.
) ( 180 ns bunch spacing )
_ "N .
_foa —0.03 -0.02 001 0001 002 003 00 ILC IS 554 ns
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Thank you for your attention
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Introduction

Beam Acceleration

IP parameter

IP beam focusing and ATF
Beam-beam collision

(ILC Machine Detector Interface)
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X [mm]

Y [um]
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40
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-60
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Detector solenoid field with IP crossing angle

Detector solenoid field affect to the vertical beam orbit,
when the beams are collided with IP crossing angle.

Electron-positron collision

[

//ﬁ.,

gz
i iy

.

..._.\\\\\\ \
5 AN
..n\\\\\\\\%t\\\\\\‘

60

Electron-electron collision
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No head on collision
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Detector Integrated Dipole (DID)

Idea to compensate the dipole field, generated by detector solenoid.

Magnetic field

X [mm]

Magnetic field will be parallel
to incoming beam direction.
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\\\. 60 | | |
/K b g 22 r /—\/—\
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With DID

Electron-positron Electron-electron

80
60

NUPZINE

Y [um]
|

-60

T RN T

-80

Z[m] Z[m]

The electron-electron collision is also head-on collision.
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The large number of low energy particles (incoherent pairs) will be generated
after the collision. In order to reduce the detector background,
it is very important to transport the low energy particles to extraction line

Large
angular spread
after collision

X [mm]

Angular spread
will be
enhanced.
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X [mm]

Angular spread
and detector
background
will be reduced.

X [mm]

20 40 -

40 H . -60

Anti-DID

By applying the opposite field of DID,
the magnetic field direction will be able to set to be along the out-going beam line.

With anti-DID (Present ILC design)

Electron-positron

Particle orbits after collision o
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Vertical
angular offset
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) 10
80+ e
..In Use Of DID sol Orbltin 5T S.D A —12.
1L or anti-DID = « | £ SDIPanote
: >~ 20 4 zeroed
w.DID
0 -50
-20 ‘6_010 = = - — e
-0 -8 -6 -4 -2 0 o
DlDfieId shape and scheme Z.m DIDcase

W

z(m)

¢ The negative polarity of DID is also possible (called anti-DID)

eln this case the vertical angle at the IP is somewhat increased, but the
background conditions due to low energy pairs (see below) and are improved
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Anti-solenoid Magnet around QDO

8
Detector is covered of
by strong solenoid magnet. _3
QDO magnet was located &
within the solenoid field. _g
The solenoid field generate 1.
strong x-y coupling to beam. 8
L
w/o anti-solenoid with anti-solenoid isolenc | §
S T T T
4l — Detector solenoid
al —— + antisolenoid
ool
| QD0 SDO )
ok v‘—
% 1 2 3 3 5 6 7 B
%
: (QDO Cryostatdesign by B. Parker, BNL) Anti-Solenoid Region in QD0
a

-2
Green ; no field
Red ; with field

2
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Example of IR magnets ( SuperKEKB )

H.Yamaoka et al., Proceedings of IPAC2012, New Orleans, Louisiana, USA

PRHZOL-Bomg-7 rac 2Pells
T T T

_QCSR

Belle Superconducting Solenoid

=i T
] Ll
i [
LTL |
L A ‘
A\ :fcgl

AN,

Bz (Belle ONLY), T
Bz T

2 3 4

d,j—T
QC1RP QC1RE W“@ S »
\ B — —
e R s R— — 1 —QC2RE___— *L—T
— - = | '
CEIE— = — = T e |
= B e QC2RP —— g ————————— |
Compensation_ Compensation
Compensation Superconducting Iron Block  Superconducting

Solenoid

G —T - ;
| iz /
74’3’ S freh Slack Superconducting Solenoid
Solenoid

The actual hardware makes a lot of multipole field component.
The tolerances will also be reduced for the actual interfaces. I




Vibration of ILC QDO magnet

In order to avoid the liquid Helium vibration,
ILC designed to use 2K helium to be super-fluidity.

In order to generate 2K Helium,
we need service cryostat
with heat exchanger.

( External vibration source ?? )
Pillar

5

Platiorm

The tolerance of QDO vibration is 50 nm by using intra-train FB.
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