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1994-1999: top mass predicted (LEP, mostly Z mass&width)
top quark discovered (Tevatron)
t’Hooft and Veltman get Nobel Prize
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1997-2013 Higgs boson mass cornered (LEP H, M, etc +Tevatron m,, M)

Higgs Boson discovered (LHC)
Englert and Higgs get Nobel Prize
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Is it the end?
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Is it the end?

Certainly not!
-- Dark matter
-- Baryon Asymmetry in Universe
-- Neutrino masses

are experimental proofs that there is more
to understand.
We must continue our quest
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Three Gensrations
of Matter (Ferrnions]) spin 72

at least 3 pieces are still missing
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Since 1998 it is established that neutrinos have mass
and this very probably implies new degrees of freedom
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at least 3 pieces are still missing

Three ,_-,?rerayn::nﬁ_ » Three Generations
of Matter (Ferrnions]) spin 72 of Matter (Farmions) spin ¥

ST — 24 sy 137 Gev 1TRT Gev i} J— 2.4 Ma i 37 e 74 3 B o
charge — |35 u A c % t 0 g chesg= ~ (34 u Y C 3 t o g
risure — up chasr I ghoon e up charm fap gluen
. 4.8 HeW 104 My 4.7 Gev o 45 My 104 My 4.3 Gev 1}
#d ||"s b "y d |°s |['b Y
o dawn iy batiomn phaoton - dowr STEnge botom photon
-
— u_tﬂwu 126 Gt 10 ke sl AT - [maseep 1268 Sal
o 0 o el a ] 0 o o 0
vﬂ- v! vT - Z o H ‘UE Nl ‘Ul N2 vt N3 Z o H
" o e : b clect el peih = ==
1501 Mev 1057 Mew 1.777 Gew = B GeV spin @ 0,511 Hew 105.7 M 1.777 Gew = |oh.e Ged spin O
re | 1| FW e |Pp|°T :
- =l=ctron L .y o ',: - elecron mon tau = E:

Since 1998 it is established that neutrinos have mass

and this very probably implies new degrees of freedom

=>» «sterile», very small coupling to known particles

completely unknown masses (eV to ZeV), nearly impossile to find.
.... but could perhaps explain all: DM, BAU,v-masses
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Q€ or perhaps new world(s) of SM replicas
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At higher masses -- or at smaller couplings?
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‘ | Potential discoveries at FCC-ee set the experimental challenges

Precision
M, etc
My, /\
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Rare processes

invisible or exotic Higgs decay
Invisible or exotic Z decays
Anomalies in W or top decays
etc...

-- high statistics

-- redundancy

-- full acceptance

-- theory precision

-- Accelerator (Ebeam)
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DELPHI  Run: 50948 IEvt: 4BYE ‘ SearCh fOr heavy nEUtral |ept0nS

searchete > v N
N-> V('Y/Z)*é monojet

Find: one event

Fig. 3. Surviving event in the monojet search. It has an invariant mass of 300 MeV/c? and a missing p; of 6 GeV/c and
mteraction
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Culture shocks
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«5 LHC discovery FCC-ee discovery
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20-100 events per bunch Xing 1 event per 1000-10000 bunch Xings

so, you don’t need a trigger?

YES WE DO=» if you want to see one such event in 10312 Z’s
you better have two or three redundant triggers for it

as this could be due to accidentally missing parts of the detector
at 102t 12 Jeyel!
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Lepton collider physics, experiments, detectors - Second floor - M2 193 (14:00-18:20)

- Conveners: Janot, Patrick; Blondel, Alain

time title
14:00 |ntroduction

14:20 Plans for Working Groups 1 & 2: EW physics at the Z pole, and di-boson
physics

14:40 Plans for Working Group 4: Top quark physics
15:00 Plans for Working Group 5: QCD and gamma gamma physics

15:20 Plans for Working Group 6: Flavour Physics

15:45 Coffee break

16:15 Plans for Working Group 8: Experimental Environment
16:35 Plans for Working Group 10: Online software and computing
16:55 Plans for Working Group 11: Detector Designs

17:15 Possible synergies with CLIC detectors

17:40 A TPC for ee-FCC (TLEP) ? A follow-up.

18:05 MC codes for FCC-ee
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a2 Experimental Physics WBS (coordinators A. Blondel, P. Janot)

+ Study the properties of the Higgs and other particles with unprecedented precision

at the Z pole
R. Tenchini

Electroweak Physics

Di-boson Physics
m,,, measurement

R. Tenchini

H(126) Properties

TBA

Top Quark Physics

P. Azzi

QCD and yy Physics

D. d’Enterria

+ Develop the necessary tools

Flavour Physics

S. Monteil

Offline Software
and Computing

TBA

{1

Synergy with FCC-hh

Online Software
and Computing

C. Leonidopoulos

1l

Exp'tal signatures of
New Physics

TBA

Understand the experimental conditions

Exp’tal Environment

N. Baccheta

Synergy with FCC-hh

+ Set constraints on the possible detector designs to match statistical precision

Detector Designs

G. Rolandi

Synergy with linear collider detectors

conveners jobs is to assemble collaborators
and find co-conveners in a global way
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A few highlights
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Arai Daisuke
FCI TPC structure 2012/February/23 @ WP meeting
hh es
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ILD TPC can be used for TLEP

->main differences: time structure continuous
EM bkg from beamsstrahlung benlgn
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Do you want a TPC for FCC-ee ? (1) &!b

T

— fit function
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' Mo:qpintb:nj resoluhoné(B;d'E); 5. 10° /GeV i TPC resolution dominated by diffusion &
oy Prl S _ © While resolution of Si detectors will profit
— SET+TPC+SIT+VTX:  &§(1/p,) ~2.10° /GeV
from from technology advances.

» #pads/#time buckets:  ~2.10° /1000 per endcap

* Pad size/#pad rows: ~1 mm X 4-6 mm / ~200 (standard readout) PAD
* Point resolution: inrg: <100 pm; inrz: ~0.5mm
* 2-hit resolution: inrg:~2mm; inrz: ~6 mm

» dE/dx resolution: ~ 5% (based on LEP TPC experience)
Lucie Linssen, CLIC at FCC-ee, 14/2/2014 19



LEP MC programs from Krakow group

with the important US component: B.F.L Ward, S.Yost!

Contact persons will tell you where to look for source code
which compiles under modern Linux:
@ KKMC for e~e™ — ff + nn,
f=un,7.v,u,d.s,c.b, n=0,12.~
contact: S. Jadach, stanislaw.jadach@cern.ch
@ TAUOLA for  decays and PHOTOS for extra photons
emission € KKMC and other programs, including LHC!
contact: Z. Was, zbigniew.was@cern.ch
@ BHLUMI for small angle e e™ — e e™
contact: S. Jadach, stanislaw.jadach@cern.ch
@ BHWIDE for large angle e e™ — e~ e™
contact: W. Placzek, wieslaw.placzek@uj.edu.pl
@ KORALW fore e™ — 4f, YFSWW e e — W~ W' — 4f
contact: M. Skrzypek, maciej.skrzypek®ifj.edu.pl
o YFSZZ for e—e™ — ZZ — 4Af
contact: W. Placzek, wieslaw.placzek@uj.edu.pl

S. Jadach Monte Carlo Methods

Alain Blondel FCC-ee experiments summary




Qw Very brlef summary and lessons of session:

1. excellent engagement of working group conveners

2. need for common software and event generators
will make common request to CERN-PH

3. need for face-to-face discussions
-- will continue (and intensify) monthly VCs
-- will seek to organize informal workshops
-- MDI essential (beam energy, L*, SR and BS background, etc)

4. paradox: the «discovery» working groups
(Higgs and new physics) are in want of conveners! Dont be shy.

5. connection to linear collider effort started (L. Linssen) very
positively. Will act towards ILC detector groups.

6. Optimism that precision QED calculations can be improved with
new computing power and tools

7. Many opportunities to collaborate at world-wide level.




