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FUTURE

CIRCULAR FCC integrated program

COLLIDER

comprehensive long-term program maximizing physics opportunities

A stage 1: FCC-ee (Z, W, H, @ as Higgs factory, electroweak & top factory at highest luminosities

A stage 2: FCC-hh (~100 TeV) as natural continuation at energy frontier, pp & AA collisions; e-h option

A highly synergetic and complementary programme boosting the physics reach of both colliders

A common civil engineering and technical infrastructures,bui | di ng on and reusing CER
A FCC integrated project allows the start of a new, major facility at CERN within a few years of the end of HL-LHC
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FUTURE

CIRCULAR
COLLIDER

FCC integrated prograntimeline

Note: FCC Conceptual Design Study

7 5 5 N 7 B o K

started in 2014 leading to CDR

[ room
~ 25 years operation

Feasibilty Stdy | ESPP |

Geological investigations, infrastructure Tunnel, site and technical

detailed design and tendering preparation infrastructure construction
FCC-ee accelerator and detector

consfruction, installation, commissioning

FCC-ee accelerator and detector R&D and technical
design
Superconducting magnets R&D

19 FCC-gg, ( 10 years
~ 15 years operation
FCC-ee dismantling, CE
& infrastructure
adaptations FCC-hh

High-field magnet
industrialization and
series production

Long model magnets,
prototypes, pre-series

FCC-hh accelerator
and detector R&D
and technical design

FCC-hh accelerator and detector
construction, installation, commissioning

in 2018

®

. . 2045 |
°

fRealistico schedule taking into account:
C past experience in building colliders at CERN
 C approval timeline: ESPP, Council decision
C that HL-LHC will run until 2041
Can be accelerated if more resources available

[ [ J o [ J
Feasibility Stud Project I'b AL-LHC o) ti f FCC (0] ti f FCC-hh
easipility stuay roject approval by . peration 0 -ee peration o -nn
(geology, R&D on accelerator, CERN Council Construction starts ends (15 years physics exploitation) (~ 20 years of physics exploitation)

detector and computing
technologies, administrative
procedures with the Host States,
environmental impact, financial

feasibility, etc.)

(or alternative project selected)




FUTURE

circular  European Strategy for Particle Physics

COLLIDER

2013 Update of European Strategy for Particle Physics:

ACERN should undertake design studies for accelerator projects in a global context, with
emphasis on proton-proton and electron-positron high-energy frontier machines. 0

[HFCC Conceptual Design Reports (2018/19)

Jisil

ST .
C B Vol 1 Physics, Vol 2 FCC-ee, Vol 3 FCC-hh, Vol 4 HE-LHC

B et B st

Particles and Fields Special Topics

sl CDRs published in European Physical Journal C (Vol 1)
and ST (Vol2 T 4)

g EPJC 79, 6(2019) 474 ,EPJ ST 228, 2 (2019) 261-623 ,
i EPJ ST 228, 4 (2019) 755-1107 , EPJ ST 228, 5 (2019) 1109-1382

2020 Update of European Strategy for Particle Physics:

AEurope, together with its international partners, should investigate technical and financial
feasibility of a future hadron collider at CERN with a centre-of-mass energy of at least 100 TeV
and with an electron-positron Higgs and electroweak factory as a possible first stage. 0
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https://link.springer.com/article/10.1140/epjc/s10052-019-6904-3
https://link.springer.com/article/10.1140/epjst/e2019-900045-4
https://link.springer.com/article/10.1140/epjst/e2019-900087-0
https://link.springer.com/article/10.1140/epjst/e2019-900088-6

FUTURE

CIRCULAR FCC Feasibility Study (2021-2025): high-level objectives

COLLIDER

C demonstration of thegeological, technical, environmental and administrative feasibility of the tunnel and surfaceamebas
optimisation ofplacement and layout of the rirand related infrastructure;

C pursuit,together with the Host States, of the preparatory administrative processes required for a potential project app
to identify and remove any showstopper;

C optimisation of the design of the colliders and their injector chains, supported by R&D to develop the needed key
technologies

C elaboration of asustainable operational model for the colliders and experiments in terms of human and financial reso
needs,as well agnvironmental aspects and energy efficiency

C development of aconsolidated cost estimatas well as théunding and organisational modateeded to enable the
LINE2S00Qa UGSOKYAOIlFf RS&aAIy O2YLX SGA2YyT AYLIX SYSY Ol dGA:

CARSYUAFTAOFIGAZ2Y 2F adzoadidl yiA fof the ipléntedtdtian ®fithe firdl Stage of alpdssibler ¢
future project (tunnel and FC€®);

C consolidation of the physics case and detector concémtboth colliders.

Results will be summarised infaeasibility Study Repoto be released at end 2025 F. Gianotti

. FCC Feasibility Study Status
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FUTURE

COLLIDER

circuLar  Optimizedplacement andayout for feasibility study

I : | WA [ eed ... V.Mertens,
Layout chosen out of ~ 100 |n|_t|al _\{arlants, based on geology and 7 Ak _ AN AR X . Gutleber BN\
surface constraints (land availability, access to roads, etc.), . PA”Experiment ——="—_ \ { A
environment, (protected zones), infrastructure (water, electricity, s / NI SR lefra*d-samne;’ .y s NS ol
transport), machine performance etc. T Gl IS -7 PB: technical
= " 3 RO SEE r:/ ‘u:' Cologny Sia

Vernier s S V.
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) L - p
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. ) &, "Gi?\riéve\',," ,A;:::\ ;
> PL: technical e i S
. . . . { RUSSIHT i 0% (,;, o\ _I’,mmpe Thonex. - \
Overall lowest-risk baseline: 90.7 km ring, 8 surface points, y il A callaas ]
i H JpLetiaine SN R ncy/ 4 ¢ trepbieres,
Whole project now adapted to this placement e Ldar — b Vi
Number of surface sites 8 T
i i 7 o Lacon . \ Notre-Dame, o
Injection Achancy 4 ~ .
Infecion Surface requirements 40 ha pp. experiment

|SSS = 1400 m Injection into collider

. LSS@IFPA, PD, PG, PJ)  1400m
. LSS@TEQRB, PF, PH, PL) 2032m
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PG (Experiment site) collimation o ity PG expe“ment
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FUTURE . . . S oac
() circuiar Regional implementation activities

COLLIDER

®  Points de surface PA31-4.0
— Design PA314.0

Meetingswith municipalitiesconcerned s e WA

In France (31) an&witzerland(10) } e e = oo
PB¢ PrésingéChoulex(CH) technical sit S
PD¢ Nangy(FR) experiment si e

[ Réunion individuelle plannifiée

- Rencontré en réunion
individuelle

PF¢ Roche sufForon Etaux(FR) technical sit

PG¢ CharvonnexGroisy(FR); experiment sit

PH¢ Cerciern(FR) technical sit ennc

PJc VulbengDingy en Vuache(FR)experiment sit

Detailed work with municipalities and host state <

CC Faucigny-Gliéres

- Iidentify land plots for surface sites . - | * Indvidual meeting

Individual meeting planned ]

- understand specific aspects for design

- identify opportunities (waste heat, tec.) The support of the host stateis greatly
- reserve land plots until project decision appreciatedand essential for thestudy progress

Collective meeting ]




FUTURE : -
CIRCULAR FCC tunnel implementation

COLLIDER

Alignment Profile

15w =(uaternary
—Lake
1800=n — Wildflysch
Muolasse subalpine
e —Malasse
120m Limestane
= = Shaft
S1000m = «Alignment

Dk 0k 10k 0k A0k Bk T EDire Al

L[y
Distance along ring clockwise from CERM (km)

Geology Intersected by Tunnel Geology Intersected by Section

Tunnel implementation summary

A 91 km circumference
A 95% in molasse geology for minimising tunnel construction risks
A Site investigations in zones where tunnel is close to geological interfaces: moraines-molasse-limestone



FUTURE

NATSTTS Status site Investigations

v, ¥

Site investigations to identify exact
location of geological interfaces:

A Molasse layer vs
moraines/limestone

A ~30 drillings and
A ~100 km seismic lines
A Start in July 2024

A Vertical position and inclination of tunnel

s ) § - "% 4 ), . ] : . < -‘_. : 3 ';'.. el 2
{ y "4 . 2 A % ’ & 34 v | ;; ’."‘-“-" <
RN i & SR RS e KBQRN,E_S,&‘““,@'-, =9

4

Sondage A89 (2007) incliné de 45° de 125 ml (surface plateforme estimée : 12 x 12 m soit environ 150 m?) Drilling works on the lake

-y { &>
e, 4 - 7 z
‘\. : 7 / ’,
b\ g7 { 4
‘-M .
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FUTURE -« . ;
( Moreuiar  Fart of public information & engagement sessions

First public information and La Rochesur-Foron- Haute Savoie On 15 May, RTS (Radielevision
discussion meeting at the Science international fair April 27 to May 6 Suisse) broadcasted a special
Gateway on the 24th Apr” at CERN. Unveiling the science of tomorrow: LINE 3 I\,I\]A Y 0OsS f\ S0 N‘]:, u
R T N FCC Study takes centre stage at La FYYAOBSNAI NE I VYR
L R O e | OCIENCE Gateway.

[

de faisabilité du

Futur &dﬂﬂm large number of attendees
Circulaire du __ /.

Atunion information ot déchanges.

e,

The meeting was organised for the |
local community of our Host States, / 9 Wb Qa LJ» NIAOALJ UA2

y
: . . aof HauteSavoie/Mont Blanc, enhanced by the
France and Switzerland, in the SCIen\(;aﬁuabIe help of volunteers from the FCC  The event featured a comprehensive look at

Ga.teway The "ProgreSS Of the team, resulted in meaningfu| discussions W|ﬁ;|ERN'S illustrious history, groundbreaklng .
feasibility study of the Future FCC  more than 2000 members of the local achievements, and future ambitions, includir
CII’CU|aI’ CO”IdeI’" was followed by a Community on topics ranging from the the promlnently featured Future Circular

. . . .. required technological advancements to ~ Collider (FCC) project with study experts
discussion with the participants. sustainability measures. interacting with the audience.



CE underground progress

LSS= 964m

FUTURE
CIRCULAR
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COLLIDER

PLAN VIEW

1:3000

A Full 3D model of underground
structures as basis for
costing exercies

A Experiment Site (PA)

A Update of scheduling and
costing with external consultant
ongoing 7
AIndependent second costing TR
exercise based on same bill \\\\\\ |
\PLANVIEW "
1:1000 \ J "“‘J
S \\\ H i/
\7 o /

of quantities will be done

INTERACTION
POINT

50.00

35

25

T
| CONNECTION
# TUNNEL B

SERVICE
CAVERN

AHC
‘ sPs
Al FCC
Lo L
A £
y e
EXPERIMENTAL
\ CAVERN

A Technical Site (PB) oo

KEY PLAN



FUTURE

CIRCULAR
CIRCULAS CE surface progress
- —_— s ,‘” S & Generic study of experiment
. LSBT B <t site and technical site by

FNAL

. Lo 1 e s

T

g —
Examples of Fermilab Deliverables —
Abills of quantities extracted from FNAL designs . - —
Abasis for cost estimate by consultant with icH :
experience on industrial constructions in CH- mﬂ -~ ¥ ~ | =
FR area. S - T [ ome




FUTURE

CIRCULAR CE construction schedules (example)

COLLIDER

24 Site installation 24 Site installation

- - -
CE linear construction schedule [ point 8 | Pont 0 .
— val oy —33 TBM DB Removal
S —— . . , o - 2 o s
i i § § . | D
i H ; gE M ; i Pz 51 Digphragm Wall MP I51 Diaphragm Wall }1P [ § E g 2 B +
i H it H 1} IH o= : Point| B i = - i
i i 4 . i Hi H DI S Eil Z ¥ 3| ¢ 8 E 33 TBM DF Removal 0 %
! v N : b shaft tion ra 18 Lt Bl v 3 )
loint B 0 experiment shaft excavation m B =y 5 o (=] 5] 5
“—" 60| Service shaft excayation boint D+ ﬁ o i z m e E 2 i \
Pdint_D 4 - ] T
1 489 shaft botiom cavern gxcavation 3 g o 3 & -E,E ,‘E E '? § o | H
Py gD Py e ==z = =y Py vl i 3 = .. B = ~ a - i
P 8 R o access|tunnel driving 4232%322}32%% ‘“E?E;nr?-.] (i=52n} b < o D] k] ‘# ] - ‘j o E o E o
t T — ‘ 45 cnnection tunnel 2 (423m) B ﬂ o % E e & = % o
I S = S S e [ E: s 5% ERL
L b & L Eh Bl . ' P ' L £ P s o 5 En P L 49 cqvern excavation B-lIS |] o et P = u
= | — I |] i L] o M
- . I & H +
49 service cavern elcavation |] =1 B‘ | =
s ion tunnel B (=35m Hoint_D o |] =
p connection gallery B (1=35m) 19 cavern excavation D-UX [| |] i = [| /
I T2 Turjnel widening fining I I]

49 Beam Dump cavern
excqvation B

nnection tunnet 4 (6 1m) 7.2 Tunnel widening Jining

pnection gallery D1 {=50m) Inner Linig beam dump cavefn
hnection gallery D2 {I=50m) 33 TBM GF Removal

45 Tunrjel Widening D (l=1.100m) | 45 Hypass tnnel DB (=270m)

\'_‘I{" /._o/__r_\.'\.\.

e FE L F L LT
&g
28 g
I
L

E ‘ s Bypass tnnel DF (=R70m) | Inner Lining cayerr) DU-
= j 45(Tunnel Widening D {i=1.067m) 4—Inner Lining cavern 8U-5
i [TEM Installation BA ' ] 1
= 33 TBM Instatiation 5| [ I \
E I H I 33 TBM Installation DF
= ; E | —
| B 5
|5 Bypasq tunnel BA (I=195m)| | &
5 Bypass{tunnel BD {I=195m)| \
hildi
s i \
72 Arcess Tunnel lining . .
34 Tunnel DB (TBM) Z]| pmpletion of surface SD building I\
E“ i
TBM)
34 Tunnel DF (TBM) I D-Us
B Sector D-F finished
L= Tr 22.02.39
Point DG Example of linear schedule

—33 TBM DB Removal




FUTURE

circULAR Studies on excavation strategy and material quantities

COLLIDER

2 TBMs from each experimental point Alternative with no TBMs from PA

. FCC Tunnels . . FCC Tunnels
I Experimental points . Experimental points
I Access points . Access paints
I Service caverns . Service caverns
s Connection tunnels s Connection tunnels
I Electrical alcoves s Electrical alooves
Klystron galleries Klystron galleries
I Tunnel widening I Tunnel widening
R Injection tunnels s Injection tunnels
SPS/LHC SPS/LHC

Large Experimental

PL area

Large Experimental P B

PL area

Collider SRF system

PB

Beam Dump

Beam Dump

area

PJ TBM Drive Direction

Small Experimental
area

TBM Drive Direction

Small Experimental
area

PF

Technical Access

PF

Technical Access

PH

Booster RF system

PH

Booster RF system

PG

Large Experimental

PG

Large Experimentel
area

'Not to scale 1 [ Not to scale]
Limestone | Molasse Moraine | Total (in-situ) | Total (Bulk factor 1.3) ) , Limestone | Molasse Moraine | Total (in-situ) | Total (Bulk factor 1.3) . .
(m3) (m3) (m3) (m3) (m3) * Start Excavation |  End Excavation (m3) (m3) (m3) (m3) (m3) * Start Excavation | End Excavation
PA - | 1,315,336 62,721 1,378,058 1,791,475 22% Jan-33 Jun-38 PA - 562,457 62,721 625,178 812,731 10% Jan-33 Jun-38
PB - 137,379 10,473 147,852 192,207 2% Jan-33 Jul-35 PB - 459,592 10,473 510,066 663,085 8% Jan-33 Jul-35
PD - 1,248,824 24,925 1,273,749 1,655,874 20% Jan-33 Jun-37 PD - 1,248,824 24,925 1,273,749 1,655,874 20% lan-33 Jun-37
PF - 165,213 - 165,213 214,777 3% Jan-33 Apr-35 PF - 165,213 - 165,213 214,777 3% lan-33 Apr-35
PG 141,175 | 1,193,094 30,829 1,365,098 1,774,628 22% Jan-33 Jun-38 PG 141,175 | 1,193,094 30,829 1,365,098 1,774,628 22% Jan-33 Jun-38
PH - 304,083 7,482 311,565 405,034 5% Jan-33 Dec-35 PH - 304,083 7,482 311,565 405,034 5% lan-33 Dec-35
Pl - | 1,258,608 29,910 | 1,288,518 1,675,073 20% Jan-33 Sep-37 ] - | 1,258,608 29,910 | 1,288,518 1,675,073 20% Jan-33 Sep-37
PL - 227,088 13,468 240,556 312,723 4% Jan-33 Dec-35 PL - 617,754 13,468 631,222 820,589 10% Jan-33 Dec-35
Inj - 122,329 122,329 159,028 2% Jan-33 Jun-36 Inj 122,329 122,329 159,028 2% Jan-33 Jun-36

Total 141,175 5,971,554 179,808 6,292,937 8,180,819 100% Total 141,175 5,971,954 179,808 6,292,937 8,180,819 100%



FUTURE . .
() circuiar Excavation material management

COLLIDER

An innovative local approach for excavated materials:

Excavated material from FCC subsurface
infrastructures: 6.5 Mm3in situ, 8.4 Mm?3
excavated (bulk factor 1.3)

2021-2022: I nternat iMmngthe c c
F ut u rlaamched with the support of the EU
Horizon 2020 grant agreement 951754, to find
iInnovative and realistic ideas for the reuse of
Molasse (95% of excavated materials)

2023:Def i ni ti dOpenBkyLabher at o
project:

A Objective: Develop and test an innovative
process to transform st
fertile soil for agricultural use and afforestation.

A Duration: 4 years (2024-2027)
Courtesy: J. Gutleber

A CERN LHC point 5 CMS



FUTURE : :
CIRCULAR Connections tdransport infrastructure

COLLIDER
A Road accesses identified and documented for all 8 surface sites
A Four possible highway connections defined (materials transport)
A Total amount of new roads requwed <4 km (at departme_n_tal road_ Ievel)

D1206 vers [Est
.~ D1206 vers ['Quest

Gare accessible

PuitsJ

Accés au réseau autoroutier

Contrainte

e Detailed padaccess scenarios
. & highwayaccesscreationstudy
carried out byCerema

including regulatory
requirements in France

La H’nlmv

le-Sillingy
. Barriére pleine voie -~ X d
gany . O© 5 10 km .

@ ~Airedeservice Tessy @b =]
O Aire de repos ®c A



FUTURE
CIRCULAR
COLLIDER

Updated FC&e energyconsumtion Z W
Beam energy (GeV) 45.6 80
Max. Power during beam operation (MW) 222 247
Average power / year (MW) 122 138
Total FCé&eyearly consumption TWh) 1.07 1.2
Yearly consumption CERN & SRSH 0.70 0.70

Total yearlyconsumpt CERN & SPS & F&(TWhHh 1.77 1.90

The loads could be distributed on three main sub-stations

(optimally connected to existing regional HV grid):

A Point D with a new sub-station covering PBi PDi PFi PG
A Point Hwith a new dedicated sub-station for collider RF

A Point A with existing CERN station covering PBi PLi PJ

A Connection concept was studied and confirmed by
RTE (French electrical grid operator) C requested
loads have no significant impact on grid

A Powering concept and power rating of the
three sub-stations compatible with FCC-hh

A R&D efforts aiming at further reduction of the energy
consumption of FCC-ee and FCC-hh

120
273
152
1.33
0.70
2.03

Connections tcelectrical grid infrastructure

TT

182.5 Qe

357

202 I 2o

177 l‘ iGenissiat;;' 3 ‘

0.70 .tL;g;;e/ PR

2.47 @1\ e
PDL1, 69MW

Azimuth = -10.75°

TLSS = 2160 m 1} ;%':h“‘ca' site

-

PG (Experiment site)

PDL3, 201MW



COLLIDER

FUTURE . . " .
( Yorciiar  Expectedtime line till start of construction

2024 | 2025 | 2026 | 2027 2028 | 2029 | 2030 | 2031 2032 | 2033

Peasibility Pre-TDR Phase TDR Phase Construction AAA
Study l
[ FS Report\"|  ESPPU pre TDR " TDR e
cost update 2025/26 || cost update g | cost update

Project
E|)eci|sior
[ accelerator design, technical infrastructure design, R&D, towards TDR [engineering design A }
L Environmental Impact study & Authorization Process
) [ [ T Wl [ [ T T T T 1 ’
Phase 1 Site : ..
[E e ) Phase 2 Site Investigations EE
l [ [ | [ [ 1 1 1 1 | —
CE Concept Design update CE Tender Design Construction Design } constrl?c:tion 1
Detector EOI FC3 formation, Detector CDRs )
submissions call for CDRs submitted to FC 3 |




FUTURE

CIRCULAR

COLLIDER FCGee Injector

Overall injector parameter optimisation
AhRLISNI GA2y FNBIdSyoes 3N} RAi SESEMECT
A Positron production energy, damping ring energy =

F 3

/\l 910/1225m

A

690/1005 m
20 32.2/22.5 MV/m
GeV 92/67 rf modules

26/19 rf modules

286 GeV

..

£

electron source and e-linac
140/200m
28.1/20.5 MV/m

19/14 rf mdoules
343/492 m

electron transfer line

387/ 553 m(+ 10 m, TL)

2.86 GeV

»
>

< e
< /\l >

P /\l 690/1005 m (+ 50 m, BC) = 740/1055m .. 50 120 m N
< > >« >
p-linac A
247/353m, 20/14
HE linac (main linac) MV/m

120 m

Gt 23 A0NRBY LINB RdzO U ASWisFELE LIS Ny

beam tests from 2025/26

Spectrometer dipole

RF SW S-band structures

Magnetic field scan and
scintillating fiber for energy
spectrum measurements

Solid-state (Pb)
thermal buffer

P. Créievich, W, Bartrhann \ '
Y. Papaphilippou, C. Milardi - \-

15Tin72 mmwa
21T on conductor|




O circltar  Transfer line FGEe (option with SPS for FGigh)

COLLIDER

LINAC and Injection Tunnels

FCC LINAC
(Surface - Prevessin site)

A Designed to enable injection either
from SPS as pre-booster or from a
new HE Linac sited at Prevessin

FCC LINAC
(Underground)

Transfer Tunnel LINAC-SPS
Length= 1530m.
Slope= 3,2%

A Single tunnel with spur to enable
anti-clockwise injection sps””

SPS Point 4
ra

A Design allows re-use for FCC-hh if
injector in the SPS tunnel (SC-SPS
option)

A SPS Point 4 to FCC (clockwise)
A SPS Point 6 to FCC (counter-c.w.)

Construction Shaft

Injection tunnel SPS-FCC
Length=770m.
Slope= 8.4%

\LHC Point 8

Junction Cavern
40x12m.

Injection tunnel SPS-FCC

Length= 3370m.

Slope= 1967m. at 6%
1394m. at 4.3%

PLAN VIEW
1:7500



FUTURE
CIRCULAR
COLLIDER

FCC-ee Design Concept

Based on lessons and techniqgues from past colliders (last 40 years)

 SUPERKEKB___—p» * FCCZ B-factories:KEKB & PEF:
s BINP c-tau & BINP c-tay R double-ring lepton colliders,
HIEPA ctad ™ KEKB . high beam currents,
~ P f top-up injection
J108 BEPGH * CESR | |
5 DAFNE LEP DAFNEcrab walist, double rin
- CESR porisz 1
. VEPP2000 e % SKEKBlow b *, crab waist
£ BEPC e °
S VEPP-SM % VEPP-aM | CTRA LEP:hiah
3 SPEAR? :high energy, SR effects
o ADONE .. . .
10° - - 1 VEPHIM, LEPprecision E calibration
ADONE Marica Biagini KEKBe" source
1675 1 K 10 100 1000

O2YO0AYAY3

c.m. Energy (GeV)

HERA, LEP, RH#pin gymnastics

adz00SaafdAd AYyINBRASYyi(la 2F aSOSNIf NBOSyld 02

E. Tsesmelis



C el FCC-ee Higgs and Electroweak Factory

o  Great energy range for the SM heavy particles + highest luminosities + /s precision

T 7 (88-94 GeV) s  FCC-ee (2 IPs)
= = ILC (TDR, up1, up2)
3 CLIC (CDR, up)
LR 102 |— +  CEPC |
— WW (157-163 GeV) :
=
W
g = HZ (240 GeV) 1
E 10 \ |
=3 — -
- [ ]
More questions? f (360 GeV) '
See https:/farxiv.org/abs/1906.02693 (365 Ge ]
| |
1 I [250GaV) m =
100 150 200 250 300 350 400 M
s [GeV] Ecm errors:
Z peak E._ ~ 91GeV X10*? e+e-2> Z LEP x 105 <100 keV
cm
WW threshold+ E__ =161 GeV >10% e+e- 2> WW LEP x 103 <300 keV
ZH threshold E__ :240GeV 105 e+e-—> ZH Never done  2MeV
tt threshold E., ~350GeV 10% e+e- 2> tt Never done  5MeV
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