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Theory papers appeared in the subsequent 3 days

A 750 GeV Dark Pion: Cousin of a Dark G-parity-odd WIMP
Yana Bai. Joshua Beraer. Ran Lu. Dec 17. 2015. 9 pp.
2 Phenomenology of a 750 GeV Singlet
Adam Falkowski. Oren Slone. Tomer Volanskv. Dec 17. 2015. 18 pp.
3 The Minimal Model of a Diphoton Resonance: Production without Gluon Couplings
Csaba Csaki. Jav Hubisz. John Ternina. Dec 17. 2015. 8 ob.
4 A hidden confining world on the 750 GeV diphoton excess
Liaona Bian. Nina Chen. Da Liu. Jina Shu. Dec 17. 2015. 19 pb.
5 Quirky Explanations for the Diphoton Excess
David Curtin. Christooher B. Verhaaren. Dec 17. 2015. 6 po.
6 Scattering Light by Light at 750 GeV at the LHC
Svlvain Fichet. Gero von Gersdorff. Christoohe Rovon. Dec 17. 2015. 6 pp.
7 The Minimal Scalar-Stealth Top Interpretation of the Diphoton Excess
Wei Chao. Ran Huo. Jiana-Hao Yu. Dec 17. 2015. 14 po.
8 On sgoldstino interpretation of the diphoton excess
S.V. Demidov. D.S. Gorbunov. Dec 17. 2015. 9 pp.
9 See-Saw Composite Higgses at the LHC: Linking Naturalness to the
10 Can the new resonance at LHC be a CP-Odd Higgs boson?
Damir Becirevic. Enrico Bertuzzo. Olevr Sumensari. Renata Zukanovich Funchal. Dec 17. 2015. 15 on.
11 Experimental Considerations Motivated by the Diphoton Excess at the LHC
Prateek Aarawal. JiJi Fan. Ben Heidenreich. Matthew Reece. Matthew Strassler. Dec 17. 2015.
12 Higgs-radion interpretation of 750 GeV di-photon excess at the LHC
Aaeel Ahmed. Barrv M. Dillon. Bohdan Grzadkowski. John F. Gunion. Yun Jiana. Dec 17. 2015. 13 op.
13 Diphoton Excess at 750 GeV from a Radion in the Bulk-Higgs Scenario
Peter Cox. Anibal D. Medina. Tirtha Sankar Rav. Andrew Sorav. Dec 17. 2015. 8 pb.
14 LHC diphoton excess explained as a heavy scalar in top-seesaw model
Archil Kobakhidze. Fei Wana. Lei Wu. Jin Min Yana. Menachao Zhana. Dec 17. 2015. 10 pp.
15 Interpretation of the diphoton excess at CMS and ATLAS
Bhaskar Dutta. Yu Gao. Tathaaata Ghosh. llia Goaoladze. Tianiun Li. Dec 16. 2015. 8 pp.
16 The 750 GeV diphoton excess from the goldstino superpartner
Christoffer Petersson. Riccardo Torre. Dec 16. 2015. 3 nn.
17 A pseudoscalar decaying to photon pairs in the early LHC run 2 data
Matthew Low. Andrea Tesi. Lian-Tao Wana. Dec 16. 2015. 23 pp.
18 Singlet Scalar Resonances and the Diphoton Excess
Samuel D. McDermott. Patrick Meade. Harikrishnan Ramani. Dec 16. 2015.
19 Strong dynamics or axion origin of the diphoton excess
Emiliano Molinaro. Francesco Sannino. Natascia Vianaroli. Dec 16. 2015. 5 po.
20 Interpreting a 750 GeV Diphoton Resonance
Rick S. Gunta. Sebastian Jaaer. Yevaenv Kats. Gilad Perez. Emmanuel Stamou. Dec 16. 2015. 26 pb.
21 On the Interpretation of a Possible

~ o~

22 Rays of light from the LHC

Simon Knapen. Tom Melia. Michele Papucci. Kathrvn Zurek. Dec 15. 2015. 20 pp.
23 What is the gamma gamma resonance at 750 GeV?

Roberto Franceschini. Gian F. Giudice. Jernei F. Kamenik. Matthew McCullouah. Alex Pomarol. Riccardo Rattazzi. Michele Redi. Francesco Riva. Alessandro Strumia. Riccardo
24 Footprints of New Strong Dynamics via Anomaly

Yuichiro Nakai. Rvosuke Sato. Kohsaku Tobioka. Dec 15. 2015. 6 pp.
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The lesson, so far

independently of whether the 750 GeV excess is confirmed or not ....

® 5o little we know about what happens at the TeV scale !!

® So many alternative TeV-scale physics scenarios can be
thought of, which would not have been detected
experimentally, or considered theoretically, until now ...

This underscores the importance of a thorough
exploration of the TeV scale
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Important questions about the weak scale need an answer:

EW Symmetry Breaking
p what’s the underlying dynamics? weakly interacting? strongly interacting?

p Is there a“natural” solution to the hierarchy problem?

p Are there other interactions and players at the weak scale besides the SM
Higgs ! Do these players have a role in addressing issues like :

Dark matter
p is TeV-scale dynamics (e.g.VWIMPs) at the origin of Dark Matter ?

Baryogenesis

p did it arise at the cosmological EWV phase transition ! are there new sources
of CP violation at the EWV scale?! Are there sources for a strong Ist order
phase transition!?

V masses
p what’s the role of the Higgs and EWSB, if any ?
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The 750 GeV excess puts also in perspective the
key puzzle of HEP after few yrs of LHC:

Why don’t we see new physics at the LHC?

® |s the mass scale beyond the LHC reach ?

® |s the mass scale within LHC’s reach, but final states are elusive to the
direct search ?

These two scenarios are a priori equally likely, but they impact in
different ways the future of HEP, and thus the assessment of the physics
potential of possible future facilities

Readiness to address both scenarios is the best hedge for the field:
® brecision

® sensitivity (to elusive signatures)

» extended energy/mass reach
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The FCC facility is designed to provide the most complete
and definitive exploration of the TeV scale, relying on

® brecision
® sensitivity
* extended energy/mass reach

and promising

(I) guaranteed deliverables:
* knowledge that will be acquired independently of possible discoveries (the
value of “measurements™)

(2) exploration potential:
* target broad and well justified BSM scenarios .... but guarantee sensitivity to
more exotic options

(3) potential to provide conclusive yes/no answers to relevant, broad
questions.
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® Guaranteed deliverables:
® precision study of gauge bosons, Higgs and top quark
properties, and exploration of EWSB phenomena

® Exploration potential:
® mass reach for direct discovery enhanced by factor ~
100 / 14 (will be 5-7 at 100 TeV, depending on process
and on integrated luminosity)
® statistics enhanced by several orders of magnitude for
BSM phenomena brought to light by the LHC

® Possible Yes/No answers (under active study):
® fully address questions tied to the TeV scale (e.g. WIMPs,
EW Baryogenesis, TeV-scale naturalness)




http://cern.ch/fcc http://cepc.ihep.ac.cn

800 FCC - Future Circular Collider study e @00 CEPC
[ ~ ] [ P |@ https://cern.ch/fcd] [ l Reader ] @ [ 4l» ] [ + |8 cepc.ihep.ac.cn/index. him ¢ | Reader
Bif LPCY FCC¥ events¥ Sport¥ Doodlev TMPY LHCCY CERNY CONF¥ CDFY _ HE LPCY FCC~Y events¥ Sport™ Doodle™ TMPY LHCCY CERNY CONF¥ CDFY NEWS~Y TRAVELY Inspire APPSY MLM~¥Y

Sign in

HOME ABOUT CEPC ORGANIZATION RESULTS + WHYSCIENCE  JOINUS ~ pre-CDR Author=

((Eco)) Future Circular Collider Study T Y

- Physics - Accelerators - Opportunities - Society - Recent ~

Future High Energy Circular Colliders

The Standard Model [SM) of partficle physics con describe the strong., weaok and electromagnetic CEPC EreCDR volumes
interactions under the framework of quantum gauge field theory. The thecretical predictions of SM are in
excellent agreement with the past experimental measurements. Especially the 2013 Nobel Prize in physics
was awarded to F. Englert and P. Higgs “for the theoretical discovery of a mechanism that contributes to
our understanding of the origin of mass of subatomic particles, and which recently was confirmed through
the discovery of the predicted fundamental parficle, by the ATLAS and CMS experiments at CERN's Large
Hadron Collider".

Forming an international
collaboration to study:

« pp-collider (FCC-hh)
-> defining infrastructure

requirements

~16 T = 100 TeV ppin 100 km
~20 T = 100 TeV ppin 80 km L.
4 80-100 km

» e*e collider (FCC-ee) as e long tunnel
potential intermediate step .

i~

« p-e (FCC-he) option

 80-100 km infrastructure
in Geneva area



FCCWEEK2016

ROME11-15 APRIL

http://fccw20 1 6.web.cern.ch/fccw2016/



FCC-hh parameters and lum goals

Parameter FCC-hh LHC
Energy [TeV] 100 c.m. 14 c.m.
Dipole field [T] 16 8.33
#IP 2 main, +2 4
Luminosity/IP, ., [cm2s] 5-25x10%| 1x103%
Stored energy/beam [GJ] 8.4 0.39
Synchrotron rad. [W/m/aperture] 28.4 0.17
Bunch spacing [ns] 25 (5) 25

Phase 1 (baseline): 5 x 1034 cm s (peak),
250 fb-1/year (averaged)
2500 fb-1 within 10 years (~HL LHC total luminosity)

Phase 2 (ultimate): ~2.5 x 103> cm-2s-1 (peak),
1000 fb-'/year (averaged)
= 15,000 fb-! within 15 years

Yielding total luminosity 0(20,000) fb-
over ~25 years of operation
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P.Janot

= A possible TLEP running programme

1. ZH threshold scan and 240 GeV running (200 GeV to 250 GeV)
5+ years @2 10735 /cm2/s => 210”76 ZH events

++ returns at Z peak with TLEP-H configuration Higgs boson HZ studies
for detector and beam energy calibration + WW, ZZ etc..

2. Top threshold scan and (350) GeV running
. Top quark mass
5+ years @5 10734 /cm2/s =» 1076 ttbar pairs ++Zpeak Hvv Higgs boson studies

3. Z peak scan and peak running , TLEP-Z configuration = 10712 Z decays
-> transverse polarization of ‘single’ bunches for precise E_beam calibration

2 years Mz, T, R, ete...
Precision tests and

4. WW threshold scan for W mass measurement and W pair studies decays

1-2 years =» 1078 W pairs ++Zpeak My, and W properties

EtEI‘ LN

5. Polarized beams (spin rotators) at Z peak 1 year at BBTS=0.01/IP => 10! Z decays.
Apg; AP ete

6. more and upgrades....

NB: TLEP = FCC-ee

|4



From the global programme, 1-2 orders of magnitude more
precise measurements of EVW parameters
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FCC-eh parameters and lum goals

Lepton—Proton Scattering Facilities
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|75 GeV e- beam from FCC-ee and 50 TeV p beam from FCC-hh
Highest centre-of-mass energy ep collider, ~6 TeV
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QCD precision physics
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s extraction from DIS
at FCC-eh, vs HERA

Strong coupling from e+e-

Hadronic final states:
The theoretical predictions up to NNLO and the re-summation up to NNLL or N3LL
theoretical uncertainties though 1-3% , hadronisation effects ~1-2%
Typical experimental uncertainty about 1%
For FCC prospects —> difficult to foresee that the overall uncertainty on alphas <1%
Hadronic Z, W decay widths:
An accurate determination of as due to precise theoretical calculations up to N3LO and

suppressed non-perturbative effects

I'(Z — hadrons)
I'(Z — leptons)

#  LEP results using NNLO calculations —>

” as(M2) = 0.1226 £ 0.0038(exp) T 09928 = 2, M) +2983(pr, = 990 Gev)
+ 0.0002(Myop = £5 GeV) £ 0.0002(renormal. schemes)

Rz =R) = = RZVNc(1+ 6qep + Om + Onp),s

QCD, mass, NP corrections

* The LEP measurement is mainly limited by lepton statistics —> FCC ee expect 10" Z event stat
#  Use the W hadronic width , statistical limited for LEP, but an interesting prospect for FCC ee
+ Hadronic t decay width

I'(t~ — v, + hadrons)
(™ = vre )

R = SewNco (1 + qop + dnp),

LEP fit simultaneously as and the non-perturbative coefficients by measuring various
moments of the T spectral function
challenging to get uncertainty <1%

At LEP limited by TH uncertainties or
statistics. New opportunities at FCC-ee,
such as use of I'w
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QCD precision physics
High Precision DIS data at high scale

+  One of the dominant SUSY production ¢ The very high Q2 data would
channels is the gluino-gluino pair production: allow to search for CI (eeqq)

Standard model Contact interaction
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significance

HH—4b reconstruction in FCC-eh
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Higgs couplings programme

® Precise measurement of main Higgs couplings:

® W,Z bosons, 3rd generation fermions (=probe existence of

BSM effective couplings, e.g. due to non-elementary nature
of H, determine CP properties, etc.)

® Couplings to 2nd and Ist generation (=universality of Higgs

mass-generation mechanism)

® Higgs selfcouplings (=probe Higgs potential, to test possible

underlying structure of Higgs, deviations from “mexican hat”,
etc)

® Couplings to non-SM objects (e.g. invisible decays)

® non-SM couplings (e.g. forbidden decays)



FHXY FCC-ee
4 0.15%
WW 0.19%
YY |.5%
Zy
tt
bb 0.42%
TT 0.54%
cC 0.71%
SS
LU 6.4%
uu,dd
ee
HH
BRexo 0.45%

| %

Projections

model indep. fit of 240 GeV data
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Projections

FHXY FCC-ee

Y44 0.15% model indep. fit of 240 GeV data
Ww 0.19%

YY |.5%

LY

tt

bb 0.42%

TT 0.54%

cC 0.71%

SS

LU 6.4%
uu,dd ~—

ee -—

HH T

. L =10 ab"!

BRexo | 0.45% {e 7R <22at30 J

I_tot I % 22



guxy | FCC-ee
4 0.15%
Ww 0.19%
YY 1.5%
LY
tt
bb 0.42%
TT 0.54%
cC 0.71%
SS H—VYy, in progr.
LU 6.4%
uu,dd | H—Vy,in progr.
ee |e*e—H,in progr.
HH
BRexo 0.45%
I_tOt I %

Projections



guxy | FCC-ee
4 0.15%
Ww 0.19%
Y'Y 1.5%
LY
tt
bb 0.42%
TT 0.54%
cC 0.71%
SS H—VYy, in progr.
LU 6.4%
uu,dd | H—Vy,in progr.
ee |e*e—H,in progr.
HH
BRexo 0.45%
I_tOt I %

Projections

g N/ I0ab™
gg—H 740 pb 74 G
VBF 82 pb 08G
WH 16 pb 160 M
ZH Il pb 110 M
ttH 38 pb 380 M
gg—HH |.4 pb 14 M
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Projections

gHXY FCC-ee FCC-hh
4 0.15%
Ww 0.19%
YY |.5%
ZY 1% ?
tt | % ?
bb 0.42%
TT 0.54%
cC 0.71%
SS H—VYy, in progr.
LU 6.4% 2% !
uu,dd [H—Vy,in progr.
ee |e*e—H,in progr.
HH 5% !
BRexo 0.45% <|073 for
[ ot 1%

g N/ 10ab”!
gg—H 740 pb 74 G
VBF 82 pb 08G
WH 16 pb 160 M
ZH |l pb 110 M
ttH 38 pb 380 M
gg—HH |.4 pb 14 M

— extrapolation from H

FCC-hh ambitious but

possible targets!?

_-LHC estimates
— from ttH/ttZ arXiv:1507.08169

— extrapolation from HL-LHC estimates

— from HH — bb Yy

specific channels, like H— e, ...

23




NB

* Statistics allows to bring the precision in the measurement of BR ratios to
sub-% level (e.g. B(—YY)/B(H—ZZ*). Relying on the sub-% measurement
of benchmark BR’s from FCC-ee, FCC-hh can export this precision to
other channels it has access to.

* Experimental feasibility, and theoretical implications, of these
measurements are under study

* Several of these new ideas can be already explored at HL-LHC

24



Higgs physics

NLO rates R(E) = o(ETeV)/a(14TeV)
o(14 TeV) R(33) R(40) R(60) R(80) R(100)

ggH 50.4 pb 3.5 4.6 7.8 11.2 14.7
VBF 4.40 pb 3.8 5.2 9.3 13.6 18.6
WH 1.63 pb 2.9 3.6 5.7 7.7 9.7
ZH 0.90 pb 3.3 4.2 5.8 9.6 12.5
ttH 0.62 pb 7.3 11 24 41 61
HH 33.8 fb 6.1 8.8 18 29 42

In several cases, the gains in terms of “useful” rate are much bigger.
E.g. when we are interested in the large-invariant mass behaviour of the
final states:

o (ttH, prtoP> 500 GeV) = R(100) = 250




—H + jet
gg l gqmmm—'L"‘\L ?
Lt §b ®-X

Huge rates for Higgs Production at high pt

0.01 ¢

7(P1,j > Pew) [nb]

S —

| Caola SM@ 100 TeV
(J.0001 ' ' '

0 100 200 300 400 500 600 700
GeV]
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High-pt H for BR ratios measurements
| pb rate (i.e. 107 events) with pt(H) > | TeV

Exploit:

- Improved S/B for many final states at large pt

- Reduced TH and exp systematics!?

- More robust measurement/modeling of BR ratios between different channels, eg:
+ B(H—-pp)/B(H—YY), B(H—TT)/B(H—YY), B (H>WW)/B(H—YY),B (H—ZY)/B(H—YY)

Example: H—py statistical precision vs pr™"(H) vs Amyy resolution (Bkg=off-shell DY)

\/B/S for 10ab-"

ptmumin 20.00
30.00
40.00
50.00
75.00
100.00

V/B/S for 10ab~!
ptmumin  20.00

30.00
40.00
50.00
75.00

pt H min
30 50 100 150 200

0.141E-01 0.160E-01 0.185E-01 0.197E-01 0.206E-01
0.149E-01 0.170E-01 0.193E-01 0.201E-01 0.209E-01
0.165E-01 0.185E-01 0.201E-01 0.206E-01 0.212E-01
0.194E-01 0.204E-01 0.209E-01 0.213E-01 0.218E-01
0.235E-01 0.235E-01 0.234E-01 0.232E-01 0.233E-01
0.254E-01 0.254E-01 0.254E-01 0.254E-01 0.252E-01

pt H min

0.902E-02 0.102E-01 0.119E-01 0.128E-01 0.135E-01
0.953E-02 0.109E-01 0.124E-01 0.130E-01 0.137E-01
0.105E-01 0.119E-01 0.129E-01 0.134E-01 0.139E-01
0.124E-01 0.131E-01 0.135E-01 0.139E-01 0.143E-01
0.153E-01 0.153E-01 0.153E-01 0.152E-01 0.153E-01

100.00 0.168E-01 0.168E-01 0.168E-01 0.168E-01 0.167E-01

LO only, no K factors

Amuu =+ 2.5 GeV

Amuu= + | GeV



Ex. WH—e v bb at large p1(WH) pr(jet) > 500 GeV

Signal b Bg  100< m(bb) < 150 GeV
L/ b let
H
| W W
ot b
| [S | b
0_0015: —!L o | | 0.010 [ : o ]
ORI 1 T BRwen, -
g=5fb — G(AR<1)=2.8fb 5=50fb — G(AR<1)=3.5fb

S/B: 1/10 = ~1/1 with 60% efficiency !



ttH/ttZ at 100 TeV as a probe of y:op

etal, Plehn, Reimitz, Shell, Shao, arXiv:1507.08169

Strong correlations between the two processes in terms of:

* production dynamics, radiative corrections (=reduced scale dependence, MC modeling)

* kinematics (mH ~ mz) (=reduced PDF systematics, reduced mp systematics, modeling,...)

At 100 TeV:
* gsreater dominance of gg initial state w.r.t. 14 TeV = ttH closer to ttZ

 huge production rates (ttH rate@ 100 TeV ~ 60 x ttH rate@ |4 TeV)
* large rate at very high pt(H) and pt(top) = effective use of boosted techniques, reduced

combinatorial bg, systematics)

* access to “clean” final states (H—Yyy, H=>WW%)

1.2 T T T 1

1.1 —

1.0 |

L 100 TeV

0.9 — Envelope of

ga[ttH](X>pT’mm) /0[ttZ](X>pT’min)§
X=pq(t)

[ scale and PDF uncertainty

R

0.02 E

ET | L | LI
= Solid: scale relative unc.

0.00 E
0.02

0‘04::| L1 ||

;Dashes: PDIF relatlive unlo.

0

100

200 300

pT,min

400

10° g
104 E
103 E

10° ¢

101

— Solid: o(Prg>Prmm) (fb)
- Dashes: U(pT,top>pT,min) (fb> i

00 L v v e e e
0 500 1000 1500 2000

ttH at 100 TeV

08—

06—

02—

1.0 T T T T

100 TeV

14 TeV -

o(gg—ttZ) o(ttZ) , for p1(Z)> pTmin

a

pT,min (GeV)

140 =200 300 400 500
PT.min
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http://arxiv.org/abs/arXiv:1507.08169

o(ttH)

o(ttH)[pb] o(ttZ)[pb] o (t7)
+5.79%+3.33% +9.81%+3.27% +2.45%+0.525%
13 TeV | 0.475 % —3.08% 0'785—11.2%—3.12% 0'606—3.65%—&319%
+7.06%42.17% +8.93%+2.24% +1.29%+0.314%
100 TeV | 3397 000 o8  BT.9 g ee ohay 058575200 02  Scale + PDF uncert.

N(events) w. 20 ab~!, tt—e/l + jets

x10°

H—40 | H— vy | H—202v | H—bb

2.6-10% | 4.6-10° 2.0-10° 1.2.108

Top fat C/A jet(s) with R = [ .2,
ly| < 2.5,and ptj > 200 GeV

| 7% precision on y:op within reach
(assuming B(H—bb) known)

arXiv:1507.08169
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http://arxiv.org/abs/arXiv:1507.08169

Higgs selfcouplings

The Higgs sector is defined in the SM by two parameters, Y and A:

V(H)

Vsm(H) = —p® [H? + X |H[* \ v /
OV (H) B o  0°Vsm(H) poo= mg
o \Hmv =0 and iy = Sapae e T my
202

These relations uniquely determine the strength of Higgs
selfcouplings in terms of mny

2
Imi;

U

2
Imi;

oooooooooo :‘.: g3H:> 6)\,1}:

~O(Miop) Q g4H= 6\ = .

Testing these relations is therefore an important test of the SM

nature of the Higgs mechanism

~O(1)



Higgs selfcouplings: pp— HH

® gg—HH (most promising?) , qq— HHqq (via VBF)
® Reference benchmark process: HH—bb Yy
® Goal:5% (or better) precision for SM selfcoupling

Barr,Dolan,Englert,Lima, | Contino, Azatov, He, Ren, Yao
Spannowsky Panico, Son (follow-up of Snowmass
JHEP 1502 (2015) 016 arXiv:1502.00539 study)

FCC@100Tev  30™40% 30% 15%

3/ab

FCC@100Tev | 10% 10% 5%

30/ab

S /\/E 8.4 15.2 16.5

Details v" Ayyy modification only v Full EFT approach v' Ayyy modification only
vV c>b&j-oyincluded o Noc—->b&j—oy v ¢-> b&j - yincluded
v Belckground systematics v Ma rginalized o No marginalization
o bbyy not matched v" bbyy matched v" bbyy matched
v m,, =125+ 1GeV v' m,, =125+ 5 GeV v’ m,, =125+ 3 GeV

v Jet /Wy, veto

) . ) M.Son, HH summary at
Work in progress to compare studies, harmonize performance ECC week

assumptions, optimize, etc
= ideal benchmarking framework
32



EWSB probes: high mass WW/HH in VBF
SM rates at 100 TeV

T T 1 | T T 1 | T T 1 | T T 1 | I I E _o _| T 1 | | — | I —— | T T 1 | I — |_E
10! 18 i 15
- 1= 5 — =
- do/dM(WW) (pb/200 GeV) ] B do/dM(HH) (pb/200 GeV)
100 (pr™vdiet > 50 GeV) = 103 | (pr™diet > 50 GeV)
; i 51— —
10~1 3 : 1074 — E
i ] 51— =
| - B JI:
1077 R
E g 10_5 S I N | | L 11 1 | L1 11 | L1 1 1 | L1 1 [
A Y I | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 7 Q 1000 2000 53000 4000 =000
Q 1000 2000 3000 4Q04a G000 iV
mWW MHH
100 fb with M(WW) = 3 TeV | fo with M(HH) 2 2 TeV
F d . 0.06
wd jet N spectrum el
0.04 —
0.03 "
0.02 —
o0 r
0 [
0




(meta)Stability of the Higgs potential

h.

Higgs quartic coupling A

h . .
@ -=- ':: + + h + ... = dA ox \* — )'t4
. ) g ‘\.. ' d IOg u
ho L. o< mH4 —b mt4
>\ren >\ — )'t4 }\4
Higgs selfcoupling and coupling to the top are the key
elements to define the stability of the Higgs potential
Degrassi et al, http://arxiv.org/pdf/1205.6497
0-10 [ 1 I | | | | | | |
: M, = 173.1 + 0.6 GeV (gray)
@3(M) = 0.1184 + 0.0007(red) - _
0.06 |- M;, = 125.7 £ 0.3 GeV (blue) S 150
g
0.04 - -
=
002 g 100
j 8 |
0.00 e :
| = 50
-0.02 | " ~a(Mz) =011 _
: M, = 1749 Ge :
_U'm_l I TN N NN SN TN NN NN S (R R N B n-llllllllllllllllllll

102 10* 105 10% 10" 10 10 10' 10'® 10%

RGE scale g in GeV

0 50 100 150 200

34
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The nature of the EW phase transition

A 1>Tc A I1=Tc T<Tc

>

>

(Pc)

Strong |5t order phase transition = (Pc) >Tc
In the SM this requires my = 80 GeV = new physics, coupling to the Higgs and effective at

scales O(TeV), must modify the Higgs potential to make this possible

[. Thermally (BEC) Driven [IA. Tree—=Level (Ren.) Driven
n !
= 1 E
Zlle(=gt+cTHh? T (h 3" ¢ h? =
£ | | :
: g
3 3
53] Iz
Higgs Field [h ] Higgs Field [h]

IIB. Tree—-Level (Non-=Ren.) Driven II. Loop Driven
nF o l
E = +h* Loglh °]
g ‘b b [+n® g
£ E M h r I.'l. 4
P :
Z =
2 2 /
8] (1

Higgs Field [h) Higgs Feld [h]



Minimal stealthy model for a strong EWPT
Vo= —p*[H|* + N H|" + %#532 +Ams|H|*S® + EASS“ Egér&r;f,?
Unmixed SM+S. No exotic higgs decays, no higgs-singlet mixing, no EWPO, ....

Two regions with strong EWPT

Only Higgs Portal signatures:
h*—SS direct production

Higgs cubic coupling

0(Zh) deviation (> 0.6% @ TLEP)

|00 TeV collider could cover
entire parameter space.

TLEP (super ILC) can cover

Nonperturbative As required to avoid - some of parameter space.

-2 negative runaways (tree—level)

Potential complimentarily!  §

200 400 600 800 1000
ms [GeV] 1409.0005 DC, Patrick Meade, Tien-TienYu

= Appearance of first “no-lose” arguments for classes of

compelling scenarios of new physics
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Composite Higgs Models

Want Lepton colliders to probe Higgs coupling deviations & EWPO

Want 100 TeV to produce vector resonances of strongly coupled sector
(as well as top partners)

1502.01701
Thamm, Torre, Wulzer

N . l“-,.-a_tl’l.ﬂ“
@ ; o2 - 7“5 c.anc.e
R & R f
=S Il o.00sf ————iEeey EYVPO @TLEP
0.002} ]
0.001} . Higgs coupling
| measurements

Interplay of EVV precision tests (Tera-Z@FCC-ee), Higgs BR measurements
(H@FCC-ee) and direct resonance searches (10-30 TeV, @ FCC-hh)



Inclusive top quark production

* Top quark production Ol00Tev (tt)~30 nb ~ 30 x T 147ev (tt)

LO (CTl4lo): sigma_tot = 21.7 + 4.8 (22 %) - 3.6 (17 %) [nb].
NLO (CTl4nlo):  sigma_tot = 32.1 + 3.6 (11 %) - 3.3 (10 %) [nb].
NNLO (CTI4nnlo): sigma_tot = 34.7 + 1.0 (2.9 %) - 1.6 (4.8 %) [nb].

NNLO (NNPDF30_nnlo_as 0118):sigma_tot = 34.8 + 1.0 (2.9 %) - 1.6 (4.7 %) [nb].  Mitov et al

e = about 10'? top quarks produced in 10 ab™

* rare and forbidden top decays

e 10'2 fully inclusive W decays, triggerable by “the other W”
* rare and forbidden W decays

e 3 10''"W—charm decays
e 10''W—rtau decays

 |0'2 fully charge-tagged b hadrons



Inclusive top quark production

104 T T LI T T | T T T || |
My > M) (pb) 1
10° 1— —
100 —
107~ — —
1074 - —
'“.l" -
10_6 1 | 1 [ || | 1 1 | 11 | || | \'

500 1000 2000 5000 10000 20000
Mmin (GEV)

Ex: gg initial state content for central

(vs inclusive) t-tbar pairs, vs M(tt)

In central production, dominated by gg up to ~ 15
TeV. Still 20% gg at the kinematic edge of ~ 30 TeV

For inclusive prodution, >90% gg!

Ex: integrated rates as a function
of t-tbar invariant mass for

centrally (inclusive) produced tops

Statistics out to over 30 TeV with | 0ab™
Inclsuive rate ~ |0 times larger at highest mass

Lo =717

My >M i
Solid: |, |my—ma|<R

Dashes: all n

] ] ] ] | ] ] ] ] | ] ] ] | ] ] ] 1 |
0.0
10000 20000 30000 A0D00

M]:uin (GEV)

0.2




etaltop)

_I I I I | I I I I | I I I I I I I I_E
oso b 18 Exteta spectrum for m(tt)>350 GeV
154:14:::— —:
mm:— —:
E{JD:— —:
G_I ] 1 1 | ] ] ] ] | 1 ] ] 1 ] I_ -
0 2 4 & 8 eta(top), mtt>20 TeV
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Ex: eta spectrum for m(tt)>20 TeV 0.00015

0.00010G
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10°

10°

10™

Sensitivity to ttbar resonances

Auerbach, Chekanov, Proudfoot, Kotwal, arXiv:1412.595|

pp (s=100 TeV 7 i g, —f
J’L dt= 10 ab’ % PYTHIALO x 1.3 - PYTHIA LO
reseg5%CL 0w 95% CL

41


http://inspirehep.net/author/profile/Auerbach%2C%20B.?recid=1334967&ln=en
http://inspirehep.net/author/profile/Chekanov%2C%20S.?recid=1334967&ln=en
http://inspirehep.net/author/profile/Kotwal%2C%20A.V.?recid=1334967&ln=en
http://arxiv.org/abs/arXiv:1412.5951

Top EW couplings at FCC-ee

) a
[iX = —ie {7“ (Fiv +715F7a) + 5= (P +p)” (iF3y + 'Yst)i)}
t
Py
= B LHC
t -
o)
& sl
5 10 -
102 =
107
Ay ~S rr o e
Ty v 4% 2y 14

ILC: 500 fb~! at /s = 500 GeV with beam polarizations of P = +0.8,P’ = F0.3
FCC-ee: 2.4ab™! at +/s = 365 GeV (no beam polarization)
LHC: 300fb~" at v/s = 14 TeV



Top anomalous chromomagnetic moments at FCC-hh
J-A Aguilar-Saavedra, Fuks, etal, arXiv:1412.6654

A _ Ay
Lig=—g507" St Gt iﬂ ot (dy+idavs) 5t G,
L
- 2 2
0%, = (@sha0™tr)3 G, =  dy = \/_ZTR C%.,, da= ‘/_iTt mC%,,
s Js
.12 _
i Tevatron + LHCE
a0al / ]
At 100 TeV, constraints from :
event rate at M > 10 TeV: 0041
o O s
—0.0022 < dv < 0.0031 - / “_ -_
0.04 T .
I LHC14
|lda| < 0.0026 ; FCC :
-0.08 §
= N\ =|7TeV L ]
-ﬂ"l-g-[”]# -0.02 0 0.02 0.04 0.0& 0.08


http://arxiv.org/abs/arXiv:1412.6654

High-Q? phenomena



Exploring the shortest distances with jets at 100 TeV
(dijet resonances, quark compositeness, ...)

0
(M >Mppin) (1D)

pr’® > 500 GeV, |n;/<2.5 —
|""?jet1_7’?jet2|‘:1r5 |

106

104 —
102 f : ]
10V —
-2 | _
10 _
_____________________________ 1 ev/ab™’ T
lD—-'q: i i i i i i i i | i i i i I i i i i | i i 1 i
10 20 30 40 20
M, (TeV)



Exploring the shortest distances with jets at 100 TeV
(dijet resonances, quark compositeness, ...)

0
(M >Mppin) (1D)

pr’® > 500 GeV, |n;/<2.5 —
|"'?jet1_'-"?jet2|‘:1r5 |

106

104 —
102 5 : |
10V —
-2 | _
10 _
____________________________ 1 ev/ab™’ T
lD—-'q: i i i i i i i i | i i i i I i i i i | i i 1 i
10 20 30 40 20
M, (TeV)

e | pb~! to recover sensitivity of HL-LHC =< | day @ 10°*?



Exploring the shortest distances with jets at 100 TeV

(dijet resonances, quark compositeness, ...)

104
102
109
10~ 2

104

1 I | | | 1 | 1

0 (Mj;>Mp,) (D)
pr*" > 500 GeV, |n;,|<2.5
|njetl_njet2|'{1r5

I | | | | | 1 1

1 ev / ab™*

10 20 30

M (TeV)

40

min

e | pb~! to recover sensitivity of HL-LHC =< | day @ 10°*?
e 50pb~! to 2x the sensitivity of HL-LHC =< | month @ 103?
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Exploring the shortest distances with jets at 100 TeV

(dijet resonances, quark compositeness, ...)

108 ———

104

10V

1 I | | | 1 | 1

0 (Mj;>Mp,) (D)
pr*" > 500 GeV, |n;,|<2.5
|njetl_njet2|{1r5

I | | | | |

-2 |
10
__________________________ lev/ab’ -
lD—-'q: i i 1 I i i I | 1 1 1 | I i 1 1 1 | 1 1 1 |
10 20 30 40
Mmin {TEv)

e | pb~! to recover sensitivity of -

e 50pb~! to 2x the sensitivity of H

L-LHC =< | day @ 10%
_-LHC =< | month @ 10°*?

e |fb~! to 3x the sensitivity of HL-

_LHC =< | year @ 2x103?

20

45



Exploring the shortest distances with ...

top quarks W bosons

III | T I | L I| |
oMy > Mpyn) (pb) -
My — mal<2

1{}_6 | | | I — - I | | |. /- | I
500 1000 2000 5000 10000 20000

Mpin (GeV)

(= top tagging at ~10 TeV?) (= WV tagging at ~10-15 TeV?)

(dijet resonances, anomalous top
couplings, contact interactions, ...)
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Jets’ energy shape: E(r<R) | E(r<I)

(= calorimeter granularity, tracker)

Er > | TeV Er > 5TeV Er > 10 TeV
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Discovery reach for pair production of strongly-interacting particles

10%

104

1Y

|00 evts/|10ab~

il I I = = = = = == =N = = N E N .= .. Il I N = == E - Il I = =W Il I I I = = N N I=E = =N N N == = = =

W=gluino
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New gauge bosons discovery reach

Example: W’ with SM-like couplings
NB For SM-like Z’, Oz BRiept ~ 0.1 x Ow* BRiept , = rescale lum by ~ 10

3
10 E | | | | | | | | | | | | | | | | | | | | | | | | | | | | | E
10< =— M(W')=46.5TeV @ 100ab~* —
101 E— M(W')=39TeV @ 10ab~* —3
o 3 :
& - _
109 = M(W')=31.5TeV @ lab " —3
1071 - —
= W' production, SM—like couplings to quarks -
g Int Lum (ab™!) for 100 Events at 100 TeV -
10_2 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
20000 25000 30000 35000 40000 45000 50000

M(W') [GeV]

At L=O(ab™), Lumx 10 = ~M + 7TeV 49



SM DY mass spectrum

lllf]_1 — | ] T ] T ] T 1?

1072 | o(My>Myin) (pb) 3

17,]<2.5 1

103 .

1074 —~

1072 E

1076 |
B 1 I ] | | 1 L | | I | L | ] ] L

0 2 10 15 20

III":[11'111'1 (Tev}

=> rate (i.e. background to searches for new
Z’ resonances) out to M ~ 20 TeV
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Aby

Running Electroweak Couplings as a Probe of New Physics
D.Alves, J. Galloway, |.Ruderman, |. Walsh arXiv:1410.6810

do do
——— = as(q)
— = (1214
amn 2(9) dMr
W*, running vs EWPT
i 200 e
14¢ 14f ems| |
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1:25 ].ﬂ.[:" 12_ / .il 'rl
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: £ 20f =i
i 6f
‘ 1.0 :
.4.: I L L 4'
. 0.5} o y . ~
2 Chicvoorev] [T - 2-# LHC +100 TeV ]
. . o L] 0. - A - == . S
8102 035 10 20 50 100 61 02 05 10 20 50 100 8102 05 10 20 50 100
M [TeV] M [TeV] M [TeV]
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V emission in events with very large Et jets

;ﬁ:? ;ﬁi %V iv

Radiative Radiative
Large EWV logs, Large EWV logs, correction to V+jet, correction to V+jet,
V correlated to jet 1\:/onj:::: correlated no EW log no EW log

Study O(jet jet + V) / O(jet jet) vs Er(leadingiet)
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Fig. 15: Emission probability for additional W bosons in dijet events at large py.

EW interactions at multi-TeV energy

I | | | 1 | | | ] | I | I | | | | 1 | ] |
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- with max[pr(jet)] > Prmin _
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pT,min (TE.V)
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0.25 |

- 1/0 do/dX
X=AR(j1,j2)
w. ET2/ET1<0.2

0.20
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0.05 | i _

W emission distributions

F pr'>10 TeV -

0.25 |

0.20
0.15
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0.05 f
0.00¢

which fraction of Ws can be

associated to radiation off the jet,
vs ISR or ISR/FSR interference?

t pgl>10 TeV -

- 1/0 do/dX /7
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0.4 ! ! ! ! | ! ' ' ' I T | | | | | |
L a(ji+W)/a(ji) ;
0.3 _with max[pg(jet)] > P T min |
0.2 f_'
0.1 — ]
0.0 _ ]
9 20

P T.mmin (TEV)

Possible implications:
- 10-20% probability of g—qWV = may need b-tagging to separate top

jet above |- TeV from ordinary light-q jet?
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NB: inclusive emission probabilities for additional V bosons ~ O(x)

Proc

WWWw

WW4

WzZz

YA

o(ib)

Proc

WWWW

4.3 x 10°

4.0 x

WWWZ4

109

WWZzZz

1.4 x 103

WZZzZ27

2.6 x 102

L1474

o(tb)

41

60

33

7.1

0.8

NB: the leading source of multi-W final states is anyway tt production

HW=

tt 20

ttWW

HW*Z

ttZZ

o(pb)

3.2 . 104

4.9

16.8

56.3 1.1

0.17

0.16
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Colorful naturalness

Probing at a Higgs factory:

Look for O(loop™v/m) [SUSY] or O(v/f) [global] Higgs
coupling deviations; precision electroweak corrections.

[Fan, Reece, Wang]

FCC-ee, unmixed: X,=0
2000~

£ S i
1500} T N
- } S B
— \‘efiﬁ
2 \
<] r H \ 1
T 1000} | i e
& r S X i
[ 4
L. \

~. \
", v H B

500 ™ 4 ' -
[ a=10h ?l i i

/
[T

" \
\ H

PR T TSP | R BT SR

1500 2000

500 000
m; [GeV]

~1-2% level

Where we'll be @ Higgs factory:
Sensitive to kinematic hcz)oles at LHC.

Neutral naturalness

Peed>
— Probing at a Higgs factory:
. _ Look for O(loop*v/m) oblique [SUSY] or O(v/f) [global]

Higgs coupling deviations.

MNC, Englert, McCullough

Thamm, Torre, Wulzer]
(m ' Neutral scalar top partner 6z,

&0 7m%]
g

05 \ 1o

0.2 47'~50%

100 150 200 250 300 350 400
my [GeV]

~1% level (global)
~50% level (SUSY)

Where we'll be @ Higgs factory: [
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N.Craig

Colorful naturalness
Probing at 100 TeV:

-
---------- Look for the light partner states
[Cohen, D'Agnolo, Hance, Lou, Wacker]
[Anuia, Black] CLs Exclusion
% i)](pected Limit 100001~ Js=100TeV — Boosted Top 1
0 50 | JLdt=3000fo"  —Compressed
Theory r
107 —_ F ES)I'S,ng =20% 107
> L €400 = 20%
0 ) 102
-l
W0 10°
105§—
- 1s=100 TeV 10
B I R TR P R 0k
iy [GeV] 2000 4000 6000 8000 10000

Where we’ll be @ 100 TeV: “generically” [~. 5% level J

21

Even if the light
natural states are
neutral, there are

heavier states with

Neutral naturalness
Probing at 100 TeV

Excluded o (fb)

SM charges Look for the UV completion, or probe
R light states via the Higgs portal.
. '. * 'a %°* [Thamm, Torre, Wulzer]
E [NC, Lou, McCullough, Thalapillil]
= T 95% Exclusion
= 387 —VBF |
3o ~ggH |
2.5 _ 1
* ® " " " e _ —ttH
w20 ]
15¢
tese ol
S 0.5 /s =100 TeV, 30 ab~
e s 1[.]0 260 360 460 5[30 SlIJO
* 8 0 mé (GeV)

m, [TeV]

Where we'll be @ 100 TeV:
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[ ~1% level ]
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Dark Matter

For ~complete discussion, see "Dark Matter at a future hadron collider” Workshop,

FNAL Dec 4-6, http://indico.cern.ch/event/445743/
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Dark Matter

For ~complete discussion, see "Dark Matter at a future hadron collider” Workshop,

FNAL Dec 4-6, http://indico.cern.ch/event/445743/
* DM could be explained by BSM models that would leave no
signature at any future collider (e.g. axions).

* On the other hand, no experiment can guarantee an answer to
the question "what is DM?”

* Scenarios in which DM is a WIMP are however compelling and
theoretically justified

* Studies ongoing to understand whether a FCC can answer more
specific questions, such as:

e do WIMPS contribute to DM?

e can WIMPS, detectable in direct and indirect (DM annihilation)
experiments, be discovered at future colliders!?

* what are the opportunities w.r.t. new DM scenarios (e.g.
interacting DM, asymmetric DM, ....)?
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DM chapter of the report (in preparation) on
“Physics at 100 TeV”

3 Dark Matter searches and studies’

3.1 Introduction

3.2 Status and Prospects of DM Searches
3.2.1
3.2.2
3.2.3
3.2.4

Direct Detection
Indirect Detection
Relic Density Bounds
Colliders

3.3 WIMP, SM Mediator

3.3.1 Weak Gauge Bosons

3.3.2 Higgs Portal

3.3.3 Mixed Scenarios

3.4 WIMP, BSM Mediator

3.4.1 Simplified Models

3.4.2 Mediator vs. Direct Search
3.4.3 Light Mediators

3.5 WIMP, non-minimal models
3.5.1 Co-Annihilation

3.5.2 Resonant Annihilation
3.5.3 MSSM Dark Matter

3.6 Beyond WIMP DM

3.6.1 Asymmetric DM

3.6.2 Dark QCD/Hidden Valley DM

3.6.3

3.7 Detector Design and Requirements

... anything we are forgetting? WIMPy Baryogenesis?



Towards no-lose arguments for Dark Matter scenarios:

WIMP searches at colliders

disappearing tracks L. Wang @ FCC week

wino a Collider Limits Multi-Lepton Limits
) 100 Tev

higgsino W 14 Tev

wino / higgsino I NLSP mass

mixed (B/H) [ LSP mass
mixed (87 higgsino / wino

gluing coan.
higgsino / bino

stop coan.

sguark coan. wino / bino

mass [TeV]

2
MWIMP S 1.8 TeV (5—3)

100 TeV pp collider will probe TeV WIMP very well.
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Final remarks

® The physics case of a 100 TeV collider is very clear as a long-term goal for
the field, simply because

no other proposed or foreseeable project can have direct sensitivity to such

large mass scales

® Nevertheless, the precise route followed to get there must take account of
the fuller picture. The weight of each item in list of physics opportunities,
precision measurements and potential discovery reach depends on

ot
ot
ot
of

ne evolution of theoretical thinking, model building
ne outcome of the LHC
ne outcome of the full experimental landscape

avour physics: at LHC, K & B factories, leptonic sector, g2, EDMs,

neutrinos
® DM: direct and indirect searches, cosmological studies (eg.is DM strongly
selfinteracting?)

® Searches for axions, ALPs, dark photons, ...
. Xrx’

® Future developments in any of the points above will allow to sharpen and
focus the assessment of the role of future pp colliders
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Reference literature

NB: click on underlined documents to access relevant URLs

* FCC-ee:“First Look at the Physics Case of TLEP”, JHEP 1401 (2014) 164

* FCC-eh: no document as yet, see however

e “A Large Hadron Electron Collider at CERN: Report on the Physics and Design Concepts for Machine
and Detector”, J.Phys. G39 (2012) 075001

FCC-hh: report on Physics at 100 TeV by March 2016
CEPC/SPPC: Physics and Detectors pre-CDR:

* http://cepc.ihep.ac.cn/preCDR/volume.html

See also:

* Physics Briefing Book to the European Strategy Group (ESG 201 3)

e Planning the Future of U.S. Particle Physics (Snowmass 2013): Chapter 3: Energy Frontier, arXiv:1401.608 |


http://inspirehep.net/record/1251418
http://inspirehep.net/record/1118165
http://cepc.ihep.ac.cn/preCDR/volume.html
http://europeanstrategygroup.web.cern.ch/europeanstrategygroup/Briefing_book.pdf
http://inspirehep.net/record/1278569
http://arXiv.org/abs/arXiv:1401.6081

FCC Physics coordination

FCC-ee FCC-hh FCC-eh

Alain Blondel Austin Ball Max Klein
Patrick Janot Werner Riegler Monica D’Onofrio
John Ellis Joe Incandela
Christophe Grojean Michelangelo Mangano
800 Indico [Physics and Experiments]

4 | P |B | + |@ indico.cern.ch/category /5251

INJICD)

Home Create event « Room booking Help =

Home = Projects » FCC » Physics and Experiments

Physics and Experiments

Meetings related to physics and experiments

Hadron Collider Physics and Experiments
Lepton Collider Physics and Experiments
Lepton Hadron Collider Physics and Experiment

Common activities



FCC Software twiki:
https://twiki.cern.ch/twiki/bin/view/FCC/WebHome

(must login with CERN account and must be registered on the FCC mailing list - see previous page)

Common tools for all FCC design studies

CommonTools
« FecComputing
« FccGenerators FCC Pythia + Delphes Analysis (Tutorial)
* FecSoftware
¢ FecCMakeGuide Contents
o FccPythiaDelphes + FCC Pythia + Delphes Analysis (Tutorial)
o FecSoftwareEDM + Qverview
> FecSoftwareFramework + Installation Procedure
o FecSoftwareFrameworkDelphes + How fo Run?
o FecSoftwareGit + How to Analyze Data?
> FecSoftwareHeppy + Example: Read data from Delphes output ROOT file
o FccSoftwareQA

See also slides https://indico.cern.ch/event/443015/

Delphes in FCC Software

The aim of this work is to integrate a delphes fast-sim inside the fccsw

List of presentations on the topic

Contents
+ Delphes in FCC Software
+ Prerequisites
+ Instructions




To follow FCC-hh physics activities

e Register with the FCC-hh mailing list for announcements:

e http://simba3.web.cern.ch/simba3g/SelfSubscription.aspx?groupName=fcc-experiments-hadron

* Check agendas and contents of previous events at the following indico categories:
e Informal meetings of all physics subgroups (SM, Higgs, BSM):

* https://indico.cern.ch/category/6067/
* Workshops
* https://indico.cern.ch/category/6071/

e Physics with injectors:

* https://indico.cern.ch/category/6070/

* Heavy ion physics:

* https://indico.cern.ch/category/6068/
» Detector subgroup:

e https://indico.cern.ch/category/6069/

e Detector magnets subgroup:
e https://indico.cern.ch/category/6244/
e Software group (common with FCC-ee and FCC-eh):

e https://indico.cern.ch/category/5666/


http://simba3.web.cern.ch/simba3/SelfSubscription.aspx?groupName=fcc-experiments-hadron

FCC-ee : General documentation
All relevant information gathered in (C. Martin Perez)

The FCC'ee deSign stUdy Since 12/02/2014, the TLEP design study is part of the FCC design study as FCC-ee

About FCC-ee and TLEP Organization Archive Events The FCCs Contact/join us Site map

Y & e . S . .. S S ———— = A strong physics case-
& 'osg e e FCCee(dIPs) ] & phy
g — e FCC-ee (Crab Waist) ]
s IC ] The expected luminosity performance of FCC-ee/TLEP lead to the production of a
’é " g&';“m' cparece ¥ Tera Z, several Oku W, several Mega Higgs and a Mega top, i.e., orders of magnitude
;_: v CEPC (21Ps) above other projects on the market. Such large statistics samples allow the
g measurement of the properties of these particles with unprecedented accuracy, and
= = — are the tool of choice to discover and study rare Z, W, Higgs boson and top decays.
=3 - — - : Besides offering the ultimate investigations of electroweak symmetry breaking, these
ot | precision measurements would be highly sensitive to the possible existence of yet
unknown particles, with masses up to 100 TeV. Sensitive searches for particles with
I R T —— couplings much smaller than weak, such as ‘sterile neutrinos’, can be envisioned.
0 1000 2000 __ 3000 Click on the figure to access to the original article ‘A first look at the physics case of
s [GeV]
TLEP', 12 3
Follow us FCC-ee Q

. svl The FCC-ee in a few words @
The FCC-ee, formerly known as TLEP, is a high-luminosity, high-precision e"e" circular collider

envisioned in a new 80-100 km tunnel in the Geneva area. With a centre-of-mass energy from 90

Al

Latest publications to 400 GeV, the physics program could pave the way towards the discovery of physics beyond the ;;c:”;';’zms’ e
* Top-quar roweak Standard Model, casting light on unanswered questions, such as dark matter, the baryon 22 Mar 2015 - 15-00 - Marriott
couplings at the FCC-ee asymmetry of the Universe, the hierarchy problem, the stability of the Universe or the nonzero Georgetown Hotel
» Status of the FCC-ee Interaction  neutrino masses.
Region Design FCC-ee Accelerator meetings
« Precision Electroweak The FCC-ee project is part and parcel of the Future Circular Collider design study (FCC) at CERN,

, g , ¢ 4 . FCC-ee meeting no. 16

Measurements at FCC-ee and would be the first step towards the long-term goal of a 100 TeV proton-proton collider. It is 9 Apr 2015 - 10:00 - CERN - Salle
: expected to deliver its conclusion in 2018, just prior the next update of the European B

Check all publications here conference BE

Strategy. There are many challenges facing the study, starting with a realistic design that allows

thaca nramicac tn ha fulfillad ca faal fraa tn inin tha dacian ctudu arnon if vwna weich ta Fallaharata


http://cern.ch/fcc-ee
http://indico.cern.ch/category/5259/
http://indico.cern.ch/category/5259/

FCC-eh : Organization and documentation

2 Overall coordination : Max Klein, Oliver Brining
¢ + coordination group

Physics Study Groups (Convenors)
PDFs, QCD Fred Olness, Voica Radescu

Higgs Uta Klein, Masahiro Khuze
BSM Georges Azuelos, Monica D’Onofrio
Top Olaf Behnke, Christian Schwanenberger
Nuclei Nestor Armesto
Small x Paul Newman, Anna Stasto
Software Peter Kostka, Paul Laycock
Detector Peter Kostka, Alessandro Polini
2 Web page:

¢ LHeC conceptual design report: arXiV:1206.2913
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