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Figure 10: Luminosity spectrum. The red dashed curve shows the initial distribution
normalized at the peak.
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News

New MEXT Minister gives interview

“Lots of research should be done in Japan”
says MEXT Minister, if cost can be shared

[Tokyo Office] On September 25, Mr. Koichi Hagiuda, Minister of Education, Culture, Sports,
Science, and Technology, answering questions from the press conceming the hosting of the
International Linear Collider (ILC), stated "We should definitely find partner countries, and if the
financial prospects are clear, lots of research should be done in Japan”, expressing high interest in
the direction of the international discussions on cost sharing.

Mr. Hagiuda said “While MEXT recognizes the project's necessity at a certain level, the
required budget is immense. There are issues for a single country to cover this burden, also
considering the scale of the project.” He added that "It is usually the case for [the concerned
countries] to contribute money, and then construct, operate, and manage the project. We should
definitely find countries willing to become partners, and if the financial prospects are clear, lots of
research should be done in Japan.”

Conceming the pleas by pariamentary groups, local authorities around the candidate site,
and others to the Japanese government, asking for an explicit expression of interest to host the
project in Japan, Mr. Hagiuda stated “| am aware of the requests. | intend to make an effort to
create a team in consultation with the relevant organizations.”

The Japanese government is expected to decide on whether to host the project in Japan
based on the discussions of the Science Council of Japan's Master Plan and the update of the
European Strategy for Particle Physics (2020-2024). An organization of international researchers
will host an intemational conference this October in Sendai, where a statement release is being
coordinated to urge Japan to decide in favor of hosting the project.
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https://www.iwate-np.co.jp/article/2019/9/26/65161

http://www.iwate-ilc.jp/eng/news/minister-of-mext-do-a-lot-of-research-in-japan-after-figuring-out-how-to-share-the-costs-of-the-ilc/
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https://www.iwate-np.co.jp/article/2019/9/26/65161

New Power Estimate

« Estimate for electrical power consumption was never
systematically redone for ILC-250

« Granada: Big discussion about energy efficiency / lum
over AC power

« Updated power estimate is now under review by TCMI

« 5 configurations

TDR baseline: 500 GeV, 1312 bunches, L=1.8E34
250-A: 250GeV, 1312b, L=1.35E34

250-A" (w. R&D): 35MV/m, Q0=1.6E10

250-A Lx2: 2526 bunches, L=2.7E34

500@250: 500 GeV machine running at 250GeV,
14.7MV/m, 10Hz, 2625b, L=5.4E34

500 Lx2: 1312b, L=3.6E34
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EDMS No: Created: 18-05-2019

CHANGE REQUEST DO000000
NO. ILC-CR-0018 e Last modified: 10-09-2019

UPDATED POWER ESTIMATE FOR ILC-250
The estimate of the total power consumption of the ILC in its 250GeV configuration
and possible later upgrades in energy and luminosity is updated to reflect design

changes since the TDR.

RATIONALE

Power consumption is a key performance parameter of the accelerator. An up-to-date
calculation is needed to assess the performance, also in comparison to other projects.

SCOPE: WHOLE ILC
VALUE/SCHEDULE IMPACT

Operation cost estimates depend on power consumption.
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Preliminary Result

Numbers are still subject to change!

* Most relevant update:

No ,5+5Hz" running for positron production at 250

« 10% margin for cryogenic power

« 3% overall margin

« 2. 7MWpower for central campus

« Takeaway:

112MW for ILC-250

R&D saves a bit (5SMW) of power

Double the lumi for 25MW (22%) power
Double the energy for 60MW (54%) power
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500 250-A 250-A°  250-A 500@250 5{]{}
TDR w/R&D Lx2

Kep Rate /1 ------

Bunches / Pulse 1312 1312 1312

L /10° ------

Gradient / MV/m

ML E-gain / GeV [:¥/i]

ME Power /MW ------

e- Src/ MW

Sy ------

DR /MW

RIML /MW ------

BDS / MW

T ------

IR/ MW

el ------

Gen. Margin/MW EXI)

-
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Z Pole Running ,,Giga-Z*

New study from Japan

« Granada: Lots of PR from CEPC / FCC-ee on Z pole running
* Clearly the domain of circular colliders
« What can ILC do?

« Earlier study by Nick Walker (ILC-Note-2016-006):
L =1.0-1.5E33 (note: E33, not E44!)

« Current study adresses
* New ILC-250 design
« Main Linac operation and emittance budget
« Collimation depth
* New IP parameters
 New DR parameters (smaller emittance)

* Result: L=2.1E33
=> approx. 30/fb per year = ,1GZ* (1E9 Z->qq)
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arXiv: 1908 08212v3 [physics.acc-ph] 13 Sep 2019

Operation of ILC250 at the Z-pole

Knore Yokoyn, Kiyoshi Kubo, and Toshdyokd Olkugi,
High Enesgy Acoelerator Research Organization (KEK), Jopan
Aug 27, N9

ILC (International Linear Collider) is under comsideration =5 the next global project of
partide physics. ks Tochnical Dosign Ropert, published in 2013, doseribes the accolorator for
the centor-of-mass energies above 2oV, The cperation of ILC at lower conter-of-mass onergies
has mot hoen studics imersivaly. This repaort diseusses the opemtion of the [LC &t & contor-of-
mass 91200V and presents a possible pammoter sot.

1 Imtroduction

When the serives dmign study of the ILC started in 2005, the fimst design eriterin was *a
continuous mniro-of-mass energy range botwoen MM GoV oand 600 Go¥™ (TDR]L|, page 3).
Henee, the TIML guoted the lomincsitios anly for the conter-of mass enengies at 200, 230, 260
GeV and shove Obvioasly, once ILC is built, lower energies sach s Z-pole (91.200V) and
W-pair thrashold (160Z0Y) would be of interest, though these are not the main conmm of ILC.

In the basdine design of ILC the positron production scheme wsing undulator magnets is
adoptod. In this sheme the dectron beam, boforo geing to tho collision point, goos through
undulators to produce photoes (over several MeV) which croste positrors on g terget. To this
and the elkectron enorgy must be at lesst shout 125 GeV. For oporation at Epy, = 260 Go¥
TDR adopted the so-called 54 5Hz schama!

The peesibilitios of ILC operation at the £-pole (and W-pair threshoald) was st discussod
by M. Walker{2]. Later, K. Yokoya gave & short roport at & workshop. [3]. These roports gave &
peemible lumincsity range at the Z-poe by wsing a seafing law and poimted out many challenges
to e sturdiod Later.

The haminosity is given by .

e

c fmuu i
whora [, is the mpotition rmte of the boam puls, ny, the mumbor of bunches in a pulse, ¥
tha rumbsor of particles por banch, amd @, is the borizontal (vertical) boam sim at the IF
{imteraction paint). Hp (baminosity enhancoment factor) oxpresoes the offocts of the beam-
beam force. With the optics around the 1P fxed, 'T;l.'a,: is proportional to the square root of
tha goomotric GMItlANCe Cxyy. Sinco the goometric conttancs is imorscdy proportions] to the
beam onergy, & naive scaling expocts £ o Eryy. Howover, the large goomeotric emittencs &t low
enangies muss o larger beam size &t the final quadrupcle magnets such that the boam hale
may produce backgrounds to the experiments. Such halo particles wsually are eliminated by
eollimators in upstream. Howeer, too deep & collimation would cause Furtber hackgrounds and

“The cleetron linse i operued ar 10EHx: 5Hx w acscersae the beam wo - 150 CeV which produss
posiurons and another 3Hx o serolemie the beam w &,y 02 for collision experiment. This s simeslmos
refored 1o 6 *10Hx' opersion.  However, there b8 ancchor 10He opemion, In which all syswems, the
Injeciom, damping rings, maln lnecs oo, ane operaved ar I0HE 1o meke 10Hz collsons. Thus, 1w
disuvinguish from the lacer we esll the Former *5 4+ BHE".

1

arXiv:1908.08212
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Main Linac Operation

e Assume ,,5+5HZ“ Operation for pOSitrOn production:Table 2: RF system parameters for alternating operation of 125GeV and 45.6GeV

e- linac provides alternating beams e+ production  collision
Final beam energy 125 456 GeV
« 125GeV for undulator source Average accelerating gradient 3.5 876 MV/m
o Peak power per cavity 189 772 kW
» 46GeV for collisions Klystron peak power 9.82 415 MW
) Klystron efficiency 67 53 %
« Assuming constant el power for RF: 3.7Hz rep rate Modulator output 14.66 783 MW
: : : Fill time 0.927 0328 ms
(note: cryo capacity not considered) Beam pulse length 0o 0o
- Low energy beam: uniform gradient 8.7MV/m RE pulse length 165 106 ms
Hepetition rate 3.7 3.7 Hz

« ML follows earth curvature -> small vertical bend!
Magnets are set up for low energy
-> 1cm vertical deviation for 125GeV beam
-> requires correction before undulator entrance
-> not a show stopper

y (m)

0 1 210 aw’ 410" 510°
s (m)
Figure 4: The vertical orbit difference between 45.6 and 125GeV beams as a function of
the length s along the linac. No errors included.
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Main Linac Emittance Increase

. . . . Lax10® : , ,
- Emittance increases in ML due to wakefield effects —
(component misalignment -> beam not centered at 0® >~ sig_z041mm
aperture changes -> wakefields blow up beam) g waoth
. L. . T e’ |
* Low energy beam is more sensitive to wakefield effects b
« Study ensemble of 100 machines w0’ |
« Vertical emittance at entrance: 20nm ool ey T
. . Figure 5: The vertical emittance Increase in ‘the main linacs as a function of the final
« Emittance increase: 6.3nm (average), 13nm (90%) CL beam energy. Two cases of different o are shown. The error bars indicate one standard
-> a bit over 10nm budget "
-> Increase bUdget to 15nm sf EE B E 146GV sig z0.41mm |

it 24000 210" 32107 36107 410*
emitt_y
Figure 6: Distribution of the vertical emittance at the linac end over 100 different random
number seeds. Final beam energy 45.6GeV. o, =0.41mm.
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Collimation Depth

« Beta function grows quadratically around IP:

B(s) =B +s*/B

-> beam size in FF Quad: V(e (B2 + L™2)/B")

« Synchrotron radiation from beam edges in FF quad
makes background in detector

 Beam has to be collimated to be small enough in
FF quad. Smaller " needs deeper collimation

* Reasonable collimation depth: 6 sigma
=> horizontal B* = 18mm

DESY. | Power estimate and Z pole running | Benno List | 27.9.2019

Horizontal Collimation Depth Vertical Collimation Depth
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Figure 7: Collimation depth as a function of the horizontal beta function. The left(right)-
hand-side is the depth in the horizontal (vertical) plane. The same beam pipe aperture
is used as in ILC 250GeV. 8} x ,6’; 15 fixed.
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Beam Delivery System

« To reach nm vertical beam sizes, many effects need
to be corrected

« Magnets have ,chromatic aberration®:

bending power ~ 1/E -> focus length ~E (@) Horizontal ) Verical
. . 2 T T T 20 T T )
« Longitudinal phase space: dz x OE = const 1 er ST
g 18 | ,.--*'_ g 16 - 4H’_r_,._./ .
 Energy spread OE larger at 46GeV P R R e sR
e 12t DT i B e
(0.41% vs 0.15% at 125GeV) N e
-> chromatic effects more important 3ol £l
«  Study shows that 0.3% is maximum | uistonibed I S enitend
- go from 300Um X 041% to 41 Oum X 03% 0 ol.1 ol.z 0.3 ol.4 nl.s ’ ol.1 Dl.z 0.3 nl.4 ol.s
Energy Spread [%] Energy Spread [%]
. . . . Figure 8: The beam size at the IP as a function of the energy spread. (a) horizontal (b)
¢ AISO- Emittance increase StUdIed . vertical. The blue spots show the r.m.s. of the whole beam size and . the red spots show

the r.m.s.=size with > 2.50 tail cut off.

~ 15nm increase (at 125GeV: 5nm)

DESY. | Power estimate and Z pole running | Benno List | 27.9.2019 Seite 9



Beam Delivery System

« Many correctiosn have to be applid in final focus
system to correct all adverse effects

« Study how all ,knobs® (magnet settings) can be
used to correct all effects one by one
-> was learned at ATF-2

 Result: can focus beam to 14.6nm
(15% larger than without errors)

Table 4:
Simulation results of the vertical beam sizes.
The offset 300pum of the wake sources is used for the row (3) and (4).

7 (um) oy (am)
(1) No errors 1.04 12.7
(2) Magnet errors and correction 1.12 14.0
(3) Magnet errors + static wake + correction 14.3
(4) Magnet errors + static&dynamic wake + correction 14.6

DESY. | Power estimate and Z pole running | Benno List | 27.9.2019

(&) Tuning trend of vertical beam size ( first 30 knob scan )

'E 1040 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
£ e i_‘k 10um BBA errors
,ﬁ i ReE s B ) Sum BBA errors
@100 | -._._._i-m..‘_ 1 o ]
£ g . s |
B - o o - .
b *£HH+
ﬁ 1o .
Q 15t knob iteration
E S S R Y S S S A EE A 1 1 1 1 1
o000 0> = O o o= = b= 0 % 2 £ £ & < T= T O
SR8 xRN R RNV LER R xRIUE S
B R R oo T s T
S - =3
(b) Tuning trend of vertical beam size ( all knob scan )
1040 — T T T T T T T T T T T
_ e 10um |BBA errors
E S5um|BBA errors
S ol -
5 100 Nereen, T Tt o b
E ™ Toa L T
E Yooty | “£ LT - T
) ’ e
< ) ITT ., : 2
ﬁ . S R i s
£ 1of .
o
=
o 1st iteration 2nd iteration 3rd iteration 4th iteration 5th iteration
-I 1 1 1 1 1 I 1 1 1 1 1
4] 10 20 30 40 g0 &0 70 ao a0 100 110

Figure 9: Vertical beam size vs. number of knob scans in the process of BDS tuning. (a)
shows the first 30 knobs. (b) shows all knobs.
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Result
Putting it all together

Tahble 1:

Proposed Parameters for Operation at Z-pole
The baseline parameters for 250GeV is listed for reference.

Center-of-Mass Energy Eown 91.2 0 GeV
Beam Energy Eiam 456 125 GeV
Collision rate foot v 5 H=z
Electron linac repetition rate 3.7+37 5 Hz
Pulse interval in electron main linac 135 200 ms
Electron energy for et production 125 1256 GeV
MNumber of bunches T 1312 1312
Bunch population N 2 2 %10
Bunch separation Aty 554 554 ns
RMS bunch length Ts 041 030 mm
Electron energy spread at IP (rms) og /E_ 0.30 0188 %
Positron energy spread at IP (rms) og, [E, 0.30 0150 %
Electron polarization F 80 20 %
Positron polarization P, 30 an %
Emittance from DR (x) yeDR 4 4 pm
Emittance from DR (v) ~eDR 20 2 nm
Emittance at the linac exit (x) 'I\-E!p 5 5 pm
Emittance at the linac exit (y) ~el P 35 30 nm
Emittance at IP (x) Vel P 62 5 um
Emittance at IP (y) 'I\-E';p 48.5 35 om
Beta x at IP ar 18 13 mm
Beta y at IP 8y 039 041 mm
Beam size at [P (x) al 1.12 0515 pm
Beam size at IP () a, 146 766 nm
Disruption Param (x) D, 041 051
Disruption Param (y) D, 318 345
Geometric luminosity L. 095 5290 10%/cm?/s
| Luminosity c 205 135 10%/cm?/s|
Luminosity enhancement factor Hp 216 255
Luminesity at top 1% 99.0 ™ %
Number of beamstrahlung Ty 0841 19
Beamstrahlung energy loss dgs 0.157 262 %
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Luminogity Spectrum (e”,e") ~ 1esslinE

CAINZ 44

dL/dW (/cm®/s/bin) bin width 12.8MeV
5

Figure 10: Luminosity spectrum.
normalized at the peak.

T T T T T T

Te06 | 8lo 916 820
W (CeV)
The red dashed curve shows the nitial distribution
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