—

IR (011

——— L y

==
\

The Futuréloi#Rarticle;PhysicsiiAiQuest for

== RGuIding Principles
s ey P

KIT 01/0ct/2018

) _r"# ' .f“f : /

-




TP,

S

e 4

L

M -
i

-~

S

N

1000
Ge'
a1z

260

o IS

-

N



What precision is needed =

LHC has not discovered evidence for new physics
yet

A big surprise to many ...
If new physics exists and is out of reach for the LHC

Small deviations to SM processes
~ 1/(Energy scale)
e.g. Higgs Branching Ratios are very sensitive

Need 1% or better accuracy to fingerprint new

physics
',

Marcel Stanitzki 3



Precision for the Terascale oD

To complement the LHC/HL-LHC a precision
machine is required

Only e+e- colliders offer the required precision
e+e- Advantages

Well defined initial state and tunable E,

Clean environment, no large backgrounds from QCD like
in pp/pp

Monte-Carlo simulations with high precision
Very low radiation environment

Marcel Stanitzki 4



Probing new physics

Supersymmetry Composite Higgs
(MSSM) (MCHM5)

MSSM (tang =5, M, =700 GeV) MCHMS5 (f = 1.5 TeV)
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Higgs Coupling Deviation from SM

=
w
E
o
c
.
=
S
O
a
(@)]
£
o
=
O
O
w
(@)}
2
I

ILC Projection [Ref. arXiv:1310.0763] ILC Projection [Ref. arXiv:1310.0763]
250 GeV, 1150 fb' @ 550 GeV, 1600 fo”' 250 GeV, 1150 fo' @ 550 GeV, 1600 b’

Percent-level accuracy on Higgs Couplings essential !

Marcel Stanitzki



Higgs Precision Physics ~SiD -

e+e- will do everything X

the LHC/HL-LHC does - {5 - 250 Gov

L =250, P(e’, e*) = (-0.8, +0.3)

Couplings, Mass, Spin

But ete- does Model-
independent
measurements

Fitted Signal+Background

No dependence on
theory

Unique at the ILC 140 15
Total Higgs Width

. Model-independent Measurement
H—cc/gg of o, at 250 GeV

Marcel Stanitzki 6



A Top Factory

Top Threshold scans
Am,. < 40 MeV

top

Conversion to MS scheme

Measured top mass at ILC can
easily be converted to MS mass

This yields an total error of
Am. ~50 MeV

Theory/ a, limited
Compared to LHC

Accuracy ~ 500-800 MeV
Mass is Monte-Carlo Mass

top

Conversion is hon-trivial

Marcel Stanitzki

0.8 ttt threshold - 1s mass 174.0 GeV
— TOPPIK NNLO + ILC350 BS + ISR
— Simulated data: 10 fb™/point
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Probing SM Vacuum Stability 5D -

- ) l_[}]{}

Instability — -7 .- - .
= *~ Meta=stability_ - -~

__ il f
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Stability (

Top mass M, in GeV
Ananeqmrad—uopN
Pole top mass M, in GeV

50 100 150 200 125

Higgs mass M), in GeV Higgs mass M), in GeV

Myiees=125 GeV (LHC)

Quite close to the minimum My, value that ensures
absolute vacuum stability within the Standard Model

e+e- Will settle this question

Marcel Stanitzki 8









Why a Linear Accelerator ? - §iD -

Basic Limitations of all e*e- synchrotons

Synchrotron radiation loss ~ E4/r

Synchrotron cost ~ quadratically with
Energy (B. Richter 1980)

Ecvs=" 200 GeV as upper limit for warm RF
Ecvs=" 300 GeV as upper limit for cold RF

Power consumption becomes prohibitive

Linear Accelerators offer a
clear way to higher energy

Not limited by synchrotron radiation
Cost ~ linear with Energy

Polarization of both beams

“nano beamspot” allows detectors close
to the IP = key ingredient for c-tagging

Marcel Stanitzki 11



The ILC Project ~SiD -

The ILC (International Linear Collider)

A 500 GeV (baseline) GeV e+e- Linear Collider
Clear Upgrade Path to 1 TeV
Beam Polarization

Interaction Region with two detectors

e+ bunch
Damping Rings IR & detectors compressor
\

e- bunch
compressor \ g - positron
3 !

main linac
11 km

central region
5 km

electron
main linac
11 km

Marcel Stanitzki 12



Power of polarization at the ILC - §iD -

The ILC offers polarized
e+/e- beams

w w (Largest SM BG in SUSY searches)

Extremely difficult for
circular colliders

SENEINE
80 % polarization for e-
30 % polarization for e+
Upgrades possible

Unique capabilities

Controlling Backgrounds - 1.8x1.3=2.34
Enhancing Signal

Marcel Stanitzki 13



The TDR ILC Machine 8D -

500 GeV Linear collider

31 km long
Acceleration

7400 superconducting Cavities in
850 Cryo Modules

Gradient 31.5 MV/m

1.3 GHz RF

163 MW power consumption
Beam parameters

2x1010 particles/bunch

554 ns spacing

L=1.8x1034cm-2s-1

Polarization 80/30 (e-/e*)

Nanometer-scale beam spot

| DE

Marcel Stanitzki 14



Why going cold? +SiD -

High RF ->Beam-power
efficiency

low-loss cavities
Ease of RF power generation

low frequency (1.3 GHz)

Long pulses / fill time (1 ms / 0.6
ms)

Long pulses allow intra-train
feedback

Emittance preservation

Large cavity iris

low transverse and longitudinal
WELGHEIRE

Marcel Stanitzki 15
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ILC Environment +oiD

Tms 199 ms

g

Buffer data Triggerless data readout

ILC environment is very different compared to LHC

Bunch spacing of ~ 554 ns (baseline)
1312 bunches in a 1 ms long pulse (train)
199 ms quiet time

Occupancy dominated by beam background & noise
~ 1 hadronic Z (ete- > Z - qq ) per train ...
Readout during quiet time possible

Marcel Stanitzki 17
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Comparison with LHC detectors - SiD -

Material budget, forward tracking smaller
Calorimeter Granularity better

Vertex Detector Pixel Size smaller

Material budget, central tracking e smaller

O 10 20 30 40 50 60 70 80 90 100

Improvement compared to LHC detectors

ILC Requirements for Timing, Data rate and Radiation
hardness are very modest compared to LHC

Marcel Stanitzki 19



= PFA Reconstruction -+ §iD -
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ILC Detectors 4@*

PFA has been used at LEP,
HERA and LHC before

Novel Approach at the ILC

PFA drives design of the
detector

Consequences

Calorimetry inside the
superconducting solenoid

Highly granular calorimetry

Low-mass tracking

Marcel Stanitzki 21




SiD & ILD - §iD -

SiD ILD
—_ tracker_ 1 25 m — liracker™ 1.8 m
- B=5T -B=35T
— All-silicon tracking - Time Projection Chamber

Marcel Stanitzki 22



The ILC TDR +3iD -

“As compared to other projects of similar scale (ITER,
LHC, ATLAS, CMS, ALMA, XFEL, FAIR, ESS, SSC) the
quality of the documentation presented by the GDE
team is equal or superior to that utilized to launch into a
similar process.”

N /‘"/
The ILC is good to go! | ///7 NZ—" S

Marcel Stanitzki
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ILC TDR

Five Volumes covering

Physics, Accelerator &
Detectors

Culmination of 8 years of
effort

Very favorable review

Wide Community support
2400 people sign the TDR

Global Handover Event

Tokyo, Geneva, Chicago
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Making it real ~SiD -
May 2013

European Strategy supports ILC
participation

May 2014
US PS5 Strategy fully supports ILC

ILC Community now focuses on
making the ILC a reality

bE 2 ‘i :l:

T P Pl e 8 e e EE

. P bR R
\ \\
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Free Electron Laser

| - E— . — N, NN
\ H_ ‘ ) J RS- N = " The European X-ray laser project XFEL
P h Oto n e n e rgy O . 3 i 24 keV \ i ~TC ; |‘I I" - Planning status October, 2003
= -I‘*\ ! = / “:_'// G ::- XFEi::;teorieio ::15ion
Pulse duration ~ 10 - 100 fs O = [ v

Pulse energy few m)J

Superconducting linac. 17.5
GeV

10 Hz (27 000 b/s)
5 beam lines / 10 instruments

Start version with 3 beam
lines and 6 instruments

First electron beam

December 2016 The European XFEL
: European  BUilt by Research Institutes
lzJSi;Operatlon September XFEL from 12 European Nations

Design Energy May 2018

7N\ ’i { /\
m’,
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European XFEL Construction * SiD-

Marcel Stanitzki 27



European XFEL: SRF Cavity

Performance

0

Eusable 1,0E+11
- @ Afer Retreatmnent - o
[ As Received !"}L:&:i[; ‘@;

0 6 W € fi.,.ﬁ'bn;f I
£ Ve ??HL B0 rat 00
P N by +
S 50 ‘-@"E:ﬂ'ﬁ‘:
et Q, 1.0E+10 - ol
5 L
5 40 -
Q
=
330 -

20 i

>10 % (47/420, Rl) cavities
10 - exceeding 40 MV/m
0 1,0E+09

After Retreatment:

E-usable: 29.8 £ 5.1 [MV/m]

Unlcaded Q Q,

=

Q1 Switch

ﬁue nch
Field Global

Emission

Heating quench

_—
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Courtesy, D. Reschke , N. Walker, C. Pagani
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XFEL Tunnel *olb

Marcel Stanitzki



Superconducting RF cavities - SiD -

Cavity spec:
35 MV/m £20% (‘vertical test’)

Corresponds to™~ 31.5 MV/m -
90% yield achieved g ANNNEEN

Still improving
& |LC processing

e .g_ N ) d O p| ng ®  Modified 120C baking (N2 included)

Higher gradient ot s —r—

Sooen
35 MV/m operation realistci o N

TDR: 31.5 MV/m
Benefit oo T
Fewer cavities E

Higher Q Less cryogenic power

15 20 25 30 35
E_. (MV/m)

Marcel Stanitzki



Achieving the ILC Beamspot size * SiD -

ATF2 Beamline

B
i

8

-

]
1 Skew Sextupole Instalfed Orbit Stabilization

G 5 FF sextupole
4 Skew Sextupole Installed Skew Sextupole Modification

® G 4 FF Sextupoles
oo G’ ?Enm

44nm

Electron Linac 2012 2013 2 5 22016
Sextupole Swopped FONT FE ON

ATF2 Test Facility at KEK

Vertical Beam Size [nm]

350
300
250
200
50
oo
50
0

World Record : 41 nm beam spot size

Design goal 37 nm (corresponds to 5 nm at ILC)
Reproducibility

~32 hrs recovery from a 3 week shutdown

~16 hrs recovery from weekend beam-off

_Im’,

Marcel Stanitzki 31



ILC Site Selection @

Japan proposed two
sites

Kitakami, Honshu
“Northern Site”

Sefuri, Kyushu
“Southern Site”

Expert Panel Review on
Scientific merits of each
site

Geology, Infrastructure
Economic impact

Marcel Stanitzki 32
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IP: (underground) candidate Location :
Proposed by JHEP community
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Two years after 3.11 Earthquake

209 10EM1 - 2012128 M; 1.0-9.0 O 0.0-100.0km
140k f i 14 "
Magnitude AR \T _

k]

M3
o MY
© Mg

M5
4
M3
2

W1

BIMBID YAYNINGS

DIDIYNL  SIUED SEVHHOD
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ILC Detector and Machine experts
Visit
September 2014

Marcel Stanitzki 35




ILC Computing Needs ~SiD -

Computing needs LHC experiments 2017
M tape (TO+T1) M disk (TO-2+CAF) CPU( kHS06)

ILC globally
5 years
@ 500 GeV

ILC

N—y L

ALICE ATLAS CMS LHCE Balle-l|
total

For comparison: ILC 500 GeV

9 PB / yr / experiment raw data; 220 PB for 5 years ,incl. Monte
Carlo, analysis

415 kHSO06 total

Ma. cel Stanitzki 36



Proposal for ILC250 nggs Factory * SiD -

As a first step towards
the full ILC

LCWS2016 Morioka
Proposed a first stage at
250 GeV as a Higgs
factory that defines one
whole project which
should be justified by its
own scientific case.

£
The idea was discussed ”;J‘}

was obtained.

Marcel Stanitzki 37



Staging Options ~8iD

Turnaround &
Damping Rings

Bunch compressors
N et
TOR update: @W

Iszev e- D 1156.&\!' et
Options A, A’: 250 GeV tunnel (N M

Options B, B’: 350 GeV tunnel

Options C, C’: 500 GeV tunnel
‘ — D 125GeVN e+
Simple tunne: ; % : MI [5 :Q e t-u‘n‘ne'.
(no center wall, no facilities)

(no center wall, no facHitiesJ

® |LC processing
= Modified 120C baking (N2 included)

Options A, B, C: Assume 31.5 MV/m (TDR)

Options A, B, C’ : Assume 35 MV/m
Now realistic, e.g.

E,.. (MV/m)

Marcel Stanitzki 38 s



Cost Reduction TDR = I1LC250 - SiD -

Table 6-1: Summary of the staging cost
e+/e- Tunnel
collision Space for
[GeV] [GeV]

TDR 250/250 500 7,980 0
TDR update 250/250 500 7,950 -0.4
Option A 125/125 250 5,260
Option B 125/125 350 5,350
Option C 125/125 500 5,470
Option A’ 125/125 250 4,780
Option B’ 125/125 350 4,870
Option C’ 125/125 500 4,990

Value Total Reduction
(MILCU) [%]

Up to 40% cost reduction compared to ILC500 (TDR)
Power consumption down from 164 MW-> 125 MW

Marcel Stanitzki 39




Scientific Significance of ILC and Proposal of its
Early Realization in light of the Outcomes of LHC
Run 2

...As discussed above, the scientific significance and importance
of ILC has been further clarified considering the current LHC
outcomes. ILC250 should play an essential role in precision
measurement of the Higgs boson and, with HL-LHC and
SuperKEKB, in determining the future path of new physics.
Based on ILC250’s outcomes, a future plan of energy upgrade
will be determined so that the facility can provide the optimum
experimental environment by considering requirements in
particle physics and by taking advantage of the advancement of
accelerator technologies. It is expected that ILC will lead particle
physics well into the 22st century.

To conclude, in light of the recent outcomes of LHC Run 2,
JAHEP proposes to promptly construct ILC as a Higgs factory
with the center-of-mass energy of 250 GeV in Japan.

Marcel Stanitzki 40



International Committee for _ ¢p
Future Accelerators (ICFA)

Statement on the ILC Operating at 250 GeV as a Higgs Boson Factory Nov 2017

...ICFA considers the ILC a key science project complementary to the LHC and
its upgrade.

ICFA welcomes the efforts by the Linear Collider Collaboration on cost
reductions for the ILC, which indicate that up to 40% cost reduction relative to
the 2013 Technical Design Report (500 GeV ILC) is possible for a 250 GeV

collider.

ICFA emphasizes the extendibility of the ILC to higher energies and notes that
there is arge discovery potential with important additional measurements
accessible at energies beyond 250 GeV. ICFA thus supports the conclusions of
the Linear Collider Board (LCB) in their report presented at this meeting and
very strongly encourages Japan to realize the ILC in a timely fashion as a Higgs
boson factory with a center-of-mass energy of 250 GeV as an international
project, led by Japanese initiative.

Marcel Stanitzki



MEXT ILC Advisory Panelon - §jp -
ILC250

Established in May 2014.
‘Re-activated’ to evaluate the ILC 250 GeV ‘Higgs factory’.
‘Re-activated’ two working groups:

Particle and nuclear physics working group
To evaluate the scientific case for ILC250
First mtg: Jan 18, 2018

TDR working group

evaluate design maturity and costing

First mtg: Jan 30

The ILC advisory panel has produced its final report on July 4,
2018

Supportive and no surprises

Marcel Stanitzki



Science Council of Japan  §iD) -
Committee on the Revised ILC

Five years ago, the SCJ committee on ILC issued a report:

... the government of Japan should

(1) secure the budget required for the investigation of various issues
to determine the possibility of hosting the ILC, and

(2) conduct intensive studies and discussions among stakeholders,
including authorities from outside high-energy physics as well as the
government bodies involved for the next two to three years.

... Upon completion of the above investigations, SCJ is
prepared to contribute to the government’s decision by
presenting scientific and academic perspectives.

Now that MEXT experts’ committee finished its report

SCJ committee was re-Established on Jul 26, 2018
Final Report by ~ end of October
European Strategy sets the deadline

Marcel Stanitzki



Political Developments - §iD -

Prime Minister Abe and
his cabinet briefed on ILC
In August 2018

Federation of Diet
Members (150+)
continues to support ILC

b

SN

: W v
&L Washington, D.C * ¥
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Potential Timeline

Technically Viable, Political Possible
2018 “ Green Light from Japan”
2019-2022 Project Preparation Phase

Agreements, Construction Preparations

2023

Begin of Construction

2032

First Beams

Marcel Stanitzki



ILC Summary ~8iD -

The ILC is technology-wise ready to go
ILC250 Higgs Factory reduces the cost by up to 40%.
ILC has the potential to reach 500 GeV or 1 TeV

Luminosity is limited by power consumption considerations

Japanese government is about to finish evaluating the
case for ILC (ILC 250 Higgs Factory)

Only project that has reached that level

The deadline for inputs to the European Strategy
Discussion is the end of this year — important that a

positive statement comes from Japanese government in
that time scale.

Marcel Stanitzki



540 klystrons

. 540 klystrons
20MW,148ps | || Drive Beam ' circumferences | | | 20Mw148ps

: delay loop 73 m :
drive beam accelerator CR1203m drive beam accelerator
2.4 GeV, 1.0 GHz CR2439m 24GeV, 1.0 GHz

25km
delay loop P

' decelerator, 25 sectors of 878 m

25km

AN BDS BDS v
- 275 km 2.75 km
TA e~ main linac, 12 GHz, 72/100 MV/m, 21 km e* main linac TA

- [

50 km
CR combiner ring
TA  turnaround
DR damping ring |

PDR predamping ring b;gﬁstergl{i:n%c Main Beam
8610 0 Ge '

BC bunch compressor
BDS beam delivery system
IP  interaction point

B dump

e-injector et injector
2.86 GeV 2.86 GeV
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The CLIC Project

Optimize machine design ORI
W. r.t. COSt and power fOI' d (_,) Compact Linear Collider (CLIC)
Staged approach to reach G B 380 GeV - 11.4 km (CLIC380)

1.5 TeV - 29.0 km (CLIC1500)

multi-TeV scales:

380 GeV (optimized for
Higgs + top physics)

1500 GeV
3000 GeV

Adapting appropriately to
LHC + other physics findings

Possibility for first physics no g 'I
later than 2035 (technology-
driven)

Project Plan to include
accelerator, detector, physics

Marcel Stanitzki

3.0 TeV - 50.1 km (CLIC3000) _




Parameter Stage 2

Centre-of-mass energy 1500
Repetition frequency 50 50
Number of bunches per train 312
Bunch separation 0.5 0.5
Pulse length 244

Accelerating gradient 72 72/100

Total luminosity S 1.5 3.7 59
Luminosity above 99% of /s _ 0.9 1.4 2

Main tunnel length 11.4 29.0 50.1
Number of particles per bunch | 5.2 3.7 3.7
Bunch length . 70 4 4

IP beam size _ _, 149/2.9 ~ 60/1.5 ~40/1
Normalised emittance (end of linac) 920/20  660/20 660/20
Normalised emittance (at IP) v/ &y 950/30 — —
Estimated power consumption 252 364 589

Marcel Stanitzki



CLIC Test Facility (CTF3)

COMBINER

A

DRIVE BEAM
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CTF Status +SiD

Produced high-current drive beam bunched at 12 GHz

Arrival time
stabilised to 50 fs

e CRATHRFMOISSS
== current signal

== 2015_12_04_1457:25ref

—d= 201512 10_19:4%:28sef

2o 2005.12_10_ 194731 rel

== _J015_12_10_185537ref

201512 10_1<50:2F ref

2000 5200 5400 5600 5800 6000 6200 6400

1 ]
Phase [degrees]
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Status %O '

Demonstrated two-beam acceleration
il

31 MeV = 145 MV/m

15-Jul-2011
Eneryy at screen center= 215.32 MeV

204 208 212 216 220 22 Drive beam ON

cuC Nominal, Energy at screen center= 212.25 MeV

unloaded

CLIC Nominal,
loaded

Drive beam OFF

Accelerating gradi

ZIO 40 60 SIU 100 1éﬂ EDB 210 214 218 222 225

Power in accelerating structure (MW) Me'luf
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Pominal [N‘I\V]

252
364
589

0.38 TeV

Energy [TWh] per year

Marcel Stanitzki

P, waiting for beam “\"PN]
168
190
268

B Annual shutdown
B Scheduled short stops
Fault-induced stops (normal year)
Operation (MD, beam commissioning)
W Operation (data taking)

R&D to reduce Power at 380
GeV from 250> 200 MW

_Im’,



CLIC Project Preparation Plan * SiD -

Preparing CLIC Project Plan + supporting documents for
input to European Strategy Update (ESU)

Staged approach, starting at 380 GeV with costs and power
not excessive compared with LHC

Upgrade path in stages over 20-30 year horizon - 3 TeV

Update costings, for both baseline and a klystron-based 380
GeV first stage

Maintain flexibility and align with LHC physics outcomes

Next step > 2020 is a ~5-year project preparation phase:
critical parameters, detailed site layout, value engineering,
risk mitigation ... & plans to be presented to ESU

Marcel Stanitzki



Short Summary ~8iD -

Two linear collider projects are being pursued (ILC and CLIC)
— with large collaborative effort.

Both have reached a remarkable level of mature, have a clear
physics case, are (each) affordable — and it is likely one will be built.

The European XFEL as a 10% Prototype of the ILC—> Unique
advantage

Within 1-2 year the landscape in Japan and Europe can be
expected to be clearer.

Future accelerators in particle physics are today cost and
power limited — don’t scale energy unless you can scale
down cost/GeV and maintain or increase luminosities

S. Stapnes (CERN, 2018)

Marcel Stanitzki












Reviews ... 3D -

European Strategy for Particle Physics 2013

There is a

complementary to the LHC, that can study the properties of the Higgs boson
and other particles with unprecedented precision and whose energy can be
upgraded. The Technical Design Report of the International Linear Collider (ILC)

has been completed, with large European participation. The

and European groups are eager to participate.

US P5 Statement 2014
“Motivated by the of the ILC and the recent initiative in

Japan to host it, the U.S. should engage in modest and appropriate levels of ILC
accelerator and detector design in areas where the U.S. can contribute critical

expertise. Consider .z

Marcel Stanitzki 59



Higgs Self-coupling +SiD -

One of the most difficult

measurements at both LHC
and ILC

Key measurement for
understanding the Higgs

Cross-section at the ILC

104 smaller than the Higgs
cross-section

ILC at 500 GeV will be able
to establish its existence

o]
=
—
c
o
=
(&)
)
w
2]
w0
o
e
O

<30% accuracy predicted

1000 1200 1400
1 TeV u pgra d eread | |y Va | uad ble Center of Mass Energy / GeV
(<10 %)
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