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General overview

# Precision predictions for LC physics

Automation of NLO fixed order, EFT threshold calculations, top mass definition,
precision on s,
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General overview

# Precision predictions for LC physics

Automation of NLO fixed order, EFT threshold calculations, top mass definition,
precision on s,

# Monte Carlo generators
Big overlap with item i, WHIZARD vs. dedicated tools

# Sharpening the BSM case for the ILC

Collecting full (sometimes fast) sim. results and their theory interpretation

# New models and their discovery potential at |ILC

Work on new models: new BSM models motivated by Dark Matter, Leptogenesis,
Naturalness, theoretical concepts

Work out pheno of existing models: discovery/discrimination potential compared to
(HL-) LHC,
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General overview

# Precision predictions for LC physics

Automation of NLO fixed order, EFT threshold calculations, top mass definition,
precision on s,

# Monte Carlo generators
Big overlap with item i, WHIZARD vs. dedicated tools

# Sharpening the BSM case for the |ILC

Collecting full (sometimes fast) sim. results and their theory interpretation

# New models and their discovery potential at |ILC

Work on new models: new BSM models motivated by Dark Matter, Leptogenesis,
Naturalness, theoretical concepts

Work out pheno of existing models: discovery/discrimination potential compared to
(HL-) LHC,

No discussions about 100 TeV pp sneaking in LCWS 2015 (yet) ...
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The Pillars of Lepton Physics
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The Pillars of Lepton Physics

Electroweak vacuum &
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Paradigmatic Standard Candle Telescopes

/s
Standard (Model) candles can be used as IHHU

Telescopes for [indirect] BSM searches

Infernahonal linear collier

RIGES TOPR BSM
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Paradigmatic Standard Candle Telescopes
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Standard (Model) candles can be used as TIE
Telescopes for [indirect] BSM searches

Infernahianal linear collier

Search for anomalous Higgs couplings
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Paradigmatic Standard Candle Telescopes
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Paradigmatic Standard Candle Telescopes
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Standard (Model) candles can be used as IHHU
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Top threshold at lepton colliders

ILC top threshold scan best-known method to measure top quark mass, AM ~ 30-50 MeV

Heavy quark production at lepton colliders, qualitatively:

Large [ Small I,

ete” > tt / K] ete”— bb
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Threshold region: top velocity v~ s < |
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Top Mass Definition

* Measured top (close to) top mass

[P. Marquard, DESY]

* QCD needs more theoretical / Lagrangian top mass ® pole mass

* Translation perturbatively calculable ® MS mass

* New: 4-loop order known ® PS mass
@ 1S mass
@ kinetic mass
@ ...
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Top Mass Definition

* Measured top (close to) top mass

[P. Marquard, DESY]

* QCD needs more theoretical / Lagrangian top mass ® pole mass

* Translation perturbatively calculable ® MS mass

* New: 4-loop order known ® PS mass
@ 1S mass

@ kinetic mass

.
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Top Mass Definition

* Measured top (close to) top mass
* QCD needs more theoretical / Lagrangian top mass
 Translation perturbatively calculable
* New: 4-loop order known

+(8.49 + 0.25) a‘;)

= 163.643 + 7.557 +1.617 + 0.501 + 0.195 4+ 0.005 GeV

[P. Marquard, DESY]

@ pole mass

@ MS mass
@ PS mass
@ 1S mass

@ kinetic mass

ooo-

my (1 +0.4244 a5 + 0.8345 02 + 2.375 03

input m™ = m'S = mtS =
#loops | 171.792 172.227 171.215
1 165.097 165.045 164.847
2 163.943 163.861 163.853 1-2 GeV
3 163.687 163.651 163.663 < 250 MeV
4 163.643 163.643 163.643 < 40 MeV
4 (x1.03) | 163.637 163.637 163.637 6 MeV
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Top Mass Definition

* Measured top (close to) top mass
* QCD needs more theoretical / Lagrangian top mass
 Translation perturbatively calculable
* New: 4-loop order known

+(8.49 +0.25) af)
— 163.643 + 7.557 + 1.617 + 0.501 + 0.195 = 0.005 GeV

[P. Marquard, DESY]

@ pole mass
@ MS mass
@ PS mass
@ 1S mass

@ kinetic mass
Q...

m (1 +0.4244 a5 + 0.8345 02 + 2.375 03

input ms= mS= m¥=
#loops | 171.792 172.227 171.215
1 165.097 165.045 164.847
2 163.943 163.861 163.853 1-2GeV
3 163.687 163.651 163.663 < 250 MeV
4 163.643 163.643 163.643 < 40 MeV
4 (x1.03) | 163.637 163.637 163.637 6 MeV

@ Threshold masses can be related to the MS mass with

about a 20 MeV error

@ Scheme conversion no limitation for the measurement of
the top-quark mass at a linear collider
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Top Mass Definition

* Measured top (close to) top mass

* QCD needs more theoretical / Lagrangian top mass

 Translation perturbatively calculable
* New: 4-loop order known

A

.

+(8.49 + 0.25) ag)

[P. Marquard, DESY]

@ pole mass
@ MS mass
@ PS mass
@ 1S mass

@ kinetic mass
o ...

my (1 +0.4244 a5 + 0.8345 02 + 2.375 03

= 163.643 + 7.557 +1.617 + 0.501 + 0.195 4+ 0.005 GeV

input ms= mS= mS=

- 8 _#oops |171.792 172227 171215

2 ®:S, s o T [165.097 165.045 164.847
@;&E 2 163943 163.861 163.853 1-2GeV
A e 3 | 163.687 163.651 163.663 < 250 MeV
< | 4 163643 163.643 163.643 < 40 MeV
wa~— M 7(x103) 163637 163.637 163.637  6MeV

@ Threshold masses can be related to the MS mass with

about a 20 MeV error

@ Scheme conversion no limitation for the measurement of
the top-quark mass at a linear collider
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QCD uncertainties top threshold

[Beneke/Kiyo/Penin/Piclum/Marquard/Steinhauser, 201 5]

Potential non-relativistic QCD
N®LO QCD corrections
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QCD uncertainties top threshold

[Beneke/Kiyo/Penin/Piclum/Marquard/Steinhauser, 201 5]

Potential non-relativistic QCD

N®LO QCD corrections
%

1.4 | l I
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Top threshold: top Yukawa etc.

[A. Maier, TU Munchen]

QCD@NNNLL (3% uncertainties) under control: worry about non-QCD corrections

» QED Coulomb potential
Starting at NLO:

» P-wave production

Small contribution at NNLO and NNNLO: < 1%
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Top threshold: top Yukawa etc.

[A. Maier, TU Munchen]

QCD@NNNLL (3% uncertainties) under control: worry about non-QCD corrections

» QED Coulomb potential » Higgs corrections
. Potential (NNNLO):
Starting at NLO: g l-( . )-
q|~mv o -
ql€my - 1 -
. . » Production current (NNLO + NNNLO):
» P-wave production ’va‘/\/’\l
4 |
- .
-

Small contribution at NNLO and NNNLO: < 1%
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Top threshold: top Yukawa etc.

QCD@NNNLL (3% uncertainties) under control: worry about non-QCD corrections

[A. Maier, TU Munchen]

» QED Coulomb potential » Higgs corrections
: Potential (NNNLO):
Starting at NLO: g '»‘ . )-
B . | o - .
q|~mev
L)
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ZL |
v -
1.15;
‘ -
t 1.10}
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TOP th reShOId in WH IZARD with F. Bach, B.U(I;E{c;lgisf:,]A. Hoang, M.

Stahlhofen, C.Weiss

Subtle gauge cancellations between signal
process and non-resonant diagrams!
Exact value of top width crucial!

» Default parameters:

M =172 GeV, TYLO =1.409 GeV
' = 1.541 GeV, ay(Mz) = 0.118

matching-NLL
l L) L4 Ll L l Ll L LJ Ll l Ll

1000 -
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— TNRQCD
expanded NLL
TNRQCD (g, oy
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offshell NLO )
| “Zqco
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l ' s A e l ' 'l ' 'S l ' A e 'S l 'l ' s ' l
300 325 350 375 400

V'3 [GeV]

Status Whistler last week
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» Default parameters:

ISR GV, [0 = 1.409 GeV

Top threshold in WHIZARD

' = 1.541 GeV, ay(Mz) = 0.118

matching-NLL

T | - L | T
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L
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i offshell, NLO
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LCWS 2015 Theory Recollection

Status Whistler last week
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[JRR, DESY]

with F. Bach, B. Chokoufe, A. Hoang, M.
Stahlhofen, C.Weiss

Subtle gauge cancellations between signal
process and non-resonant diagrams!
Exact value of top width crucial!

1000+ <
!
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(4]
(=]
(—,

NLL

—— ONRGCD? full -
expanded NLL, full .
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Status DESY yesterday,
based on discussions with A. Hoang in Whistler
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oh yes, there is still .... the strong coupling

World Average 2015

2015 summary of a.

0.11
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o.M, =0.1177

0.2 013
o (Mz)

+ 0.0013

without lattice: &s(M;) = 0.1170 + 0.0018

LCWS 2015 Theory Recollection

[A. Hoang,Vienna]
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oh yes, there is still .... the strong coupling

World Average 2015

Error has gone up first time

2015 summary of .
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1 anad N

0.11 0.12 0.13
o (Mz)

o (M,) =0.1177 = 0.0013

without lattice: ®s(M;) = 0.1170 = 0.0018
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oh yes, there is still .... the strong coupling

[A. Hoang,Vienna]

World Average 2015 Error has gone up first time
2015 summary of . 0,125,
L aaatiee - laman 012+ 1 ;
t-decays O { 1 + } b 3 § ¢ I
Lattice 4)« o llS: ? +ungeenched lattice
DIS SO N i 3
¢¥e” annihilation —_— Zl . | T
X [Nll“ fus 0':0_‘ 2' o.l 11 't «Lr
collider —0— = ! SHERA
1 1 ! 1 L 0.105:
01 012 013 ¢
a,(Mz) 0.1}
o,(M,) = 0.1177 = 0.0013 P ] .
1985 1990 1995 2000 2005 2010 2015 2020
without lattice: 0ts(M;) = 0.1170 = 0.0018 Year

¢ new preliminary value of world o.(M,): = 0.1177 + 0.0013
e change from 2013 value (a,(M,)=0.1185 + 0.0006) mainly due to:

— decreased weight (increased error) of lattice results

— decreased central value from T-decays

—result from new class (hadron collider, ttbar x-section), with only
one published result, however known to be systematically low

¢ known but unresolved issues for almost all classes

* no convergence of issues in sight
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oh yes, there is still .... the strong coupling

[A. Hoang,Vienna]

World Average 2015 Error has gone up first time -
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¢ new preliminary value of world o.(M,): = 0.1177 + 0.0013 ' I
e change from 2013 value (a,(M,)=0.1185 + 0.0006) mainly due to:

— decreased weight (increased error) of lattice results

— decreased central value from T-decays

—result from new class (hadron collider, ttbar x-section), with only
one published result, however known to be systematically low

¢ known but unresolved issues for almost all classes

* no convergence of issues in sight
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oh yes, there is still .... the strong coupling

[A. Hoang,Vienna]
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¢ Great overview over generator issue [M. Berggren, DESY]
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¢ Great overview over generator issue [M. Berggren, DESY]

¢ but: was in the Simulation session, so = Experimental Physics
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¢ Great overview over generator issue [M. Berggren, DESY]

¢ but: was in the Simulation session, so = Experimental Physics

¢ not be up for yet another WHIZARD slide
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¢ Great overview over generator issue [M. Berggren, DESY]

¢ but: was in the Simulation session, so = Experimental Physics

¢ not be up for yet another WHIZARD slide
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Theory news about the Higgs

S. Heinemeyer, UAM Madrid

» SUSY Higgs: cMSSM renormalised

* Higgs decays, EWino production @ NLO
* Theory uncertainty still AM(H) ~ 3 GeV
* but: dedicated working group — KUTS

@S@ J.R.Reuter LCWS 2015 Theory Recollection ILC Meeting, DESY, 13.11.15



Theory news about the Higgs

S. Heinemeyer, UAM Madrid S. Gori, Perimeter
» SUSY Higgs: cMSSM renormalised NP contributions to O ( v? ) 507
* Higgs decays, EWino production @ NLO the Higgs couplings scale as map ’

* Theory uncertainty still AM(H) ~ 3 GeV
* but: dedicated working group — KUTS
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Theory news about the Higgs

S. Heinemeyer, UAM Madrid S. Gori, Perimeter
» SUSY Higgs: cMSSM renormalised NP contributions to O ( v? ) ~ 5
* Higgs decays, EWino production @ NLO the Higgs couplings scale as map ’

* Theory uncertainty still AM(H) ~ 3 GeV
* but: dedicated working group — KUTS

* The Higgs can easily couple to NP particles:
since |H|? is a singlet with respect to the SM gauge group, the Higgs
can couple to NP that are neutral w.r.t the SM (e.g. hidden valleys)
» If these NP particles are light (m < m /2), Models for DM.

the Higgs will have new decay modes: H — NP particles neutral naturainess,
baryogenesis, ...
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Theory news about the Higgs

S. Heinemeyer, UAM Madrid S. Gori, Perimeter
» SUSY Higgs: cMSSM renormalised NP contributions to O ( v? ) ~ 5
 Higgs decays, EWino production @ NLO the Higgs couplings scale as mép )

* Theory uncertainty still AM(H) ~ 3 GeV
* but: dedicated working group — KUTS

* The Higgs can easily couple to NP particles:
since |H|? is a singlet with respect to the SM gauge group, the Higgs
can couple to NP that are neutral w.r.t the SM (e.g. hidden valleys)
» If these NP particles are light (m < m /2), Models for DM.

the Higgs will have new decay modes: H — NP particles neutral naturainess,
baryogenesis, ...

The interactions can be mediated by a

(small set of) renormalizable "portals":
(- ZwZpy |H|*|S|? HLN )
H — ZZI) H — ss H — LN
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Theory news about the Higgs

S. Heinemeyer, UAM Madrid S. Gori, Perimeter
 SUSY Higgs: cMSSM renormalised NP contributions to O ( v? ) o~ 5%
 Higgs decays, EWino production @ NLO the Higgs couplings scale as mép )

* Theory uncertainty still AM(H) ~ 3 GeV
* but: dedicated working group — KUTS

* The Higgs can easily couple to NP particles:
since |H|? is a singlet with respect to the SM gauge group, the Higgs
can couple to NP that are neutral w.r.t the SM (e.g. hidden valleys)
» If these NP particles are light (m < m /2), Models for DM.

the Higgs will have new decay modes: H — NP particles neutral naturainess,
baryogenesis, ...

Final aim: maximize the coverage!

easy difficult
—
_jets?
4+ leptons Y's? b-jets! light jets
T's?

Possibility to discover Higgs branching ratios to NP particles below 2%?
Looking "directly" for rare new decays of the Higgs
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Example exotic Higgs decay: dark photon

Effective Lagra ngia n: M. Heikinheimo, U. Helsinki

C.x _ C = .
Lpp,, = ;(ﬂ’YW’YwH + 272“ Y + T’Y“ ’th)

m The kinetic mixing of massless Dark Photons can be
transformed away by field redefinitions. Generally this
results in millicharges for the particles initially charged

under the hidden U(1).
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Example exotic Higgs decay: dark photon

Effective Lagra ngian: M. Heikinheimo, U. Helsinki
a C’VS’ V= Z% V= -V =

LDP“ - _(_7# ’Y;WH + —£* 7puH T _7“ 7;wH)
Yis 4 v "4

m The kinetic mixing of massless Dark Photons can be
transformed away by field redefinitions. Generally this
results in millicharges for the particles initially charged

under the hidden U(1).
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Example exotic Higgs decay: dark photon

Effective Lagrangian: M. Heikinheimo, U. Helsinki

arCs . _ Cz5 oy - &
Lop, = — (D3, H + 22705, H + 235 ,H
m 74 vV 74

m The kinetic mixing of massless Dark Photons can be
transformed away by field redefinitions. Generally this

results in millicharges for the particles initially charged
under the hidden U(1).

Process Cross section (fb) | Acceptance (%)
Hy (Czs = 0) 10.1 x 103 C% 173
Hy (C; =0) 4.8 x 103 C2. 173
H7 (Cz; =079 Cy) | 13.8x107° C& 17.3
SM vizbb 115. 0.08
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Example exotic Higgs decay: dark photon

Effective Lagrangian: M. Heikinheimo, U. Helsinki

arCs ., _ Cz5 - Cas_po o
Lop, = — (D3, H + 22705, H + 235 ,H
m 74 vV 74

m The kinetic mixing of massless Dark Photons can be
transformed away by field redefinitions. Generally this

results in millicharges for the particles initially charged
under the hidden U(1).

Process Cross section (fb) | Acceptance (%)
Hy (Czs = 0) 10.1 x 103 CZ 173 o
‘ Hy (C, =0) 48 x 1073 C%- 17.3 240 GeV — C,5=079C,;
H7 (Cz3=0.79 Cyy) | 13.8 x 103 C2, 17.3
SM vizbb 115. 0.08

Gy Cz

200 S00 1000 2000 5000 yx10° 2x10°

Ju )
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IBSM Pl SIGS

Discussion session led by K. Fuijii,
ILC BSM case talk by JRR
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The Virtue of Lepton Colliders JRR, DESY]

(FALSE) PARADIGM: “Hadron colliders are discovery machines, lepton colliders are precision machines.”

first ex positivo hadron colliders:
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The Virtue of Lepton Colliders R, DESY]

(FALSE) PARADIGM: “Hadron colliders are discovery machines, lepton colliders are precision machines.”

first ex positivo hadron colliders:

Standard Model Production Cross Section Measurements

o) 11 o .
9 107Es ATLAS  Preliminary
—
b 10°< 0.1<pr<2Tev Run1 +/s=7,8TeV
B o 1
10° O3 e LHC pp Vs =7 TeV LHC pp Vs =8TeV
B Theory B Theory
4 i
10 e - Observed 45-491 . Observed 203
10° 021 >0
35§ -
0?2 U2 oay X —
1 —On- 0T A Jotal veoer
023 mOm (227) ~
nz n -
1 o o q‘ qQgF .O.'ﬁ‘ ) :‘!ﬁ'
10 n_,;-d P DR H - WW ot N
& ) o, -4 e I
: o 1 . .
1 s 2 9o = . : precision hadron
—Om— 1
nz6 - _-_ T : II-d h .
27 VBF l ' - colliaer P )’SICS
10_1 n D . H - WW " |
I nz6 n : l a8 :
H-y) " :
-2 .7 ' ' 1
i B : :
M ‘..; E . i
PP JetsDijets W Z 1 teawmWW ¥y Wt H WZ 2Z Wy W' Zy 6w tiz tiy  Zjj Wyywwit, gu.
Re04  Rm04 wz EWK ewx
total vi<3.0 |y|<3.0 foucal fducal dovcw!  total otal oo lotal  Naucal  rotad fotal  fauoal Iicow! fouow  otal foted  Aouck hauclal ducal tcucad  total

y'«<30 somiopt mnet=0
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The Virtue of Lepton Colliders R, DESY]

(FALSE) PARADIGM: “Hadron colliders are discovery machines, lepton colliders are precision machines.”
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The Virtue of Lepton Colliders JRR, DESY]

(FALSE) PARADIGM: “Hadron colliders are discovery machines, lepton colliders are precision machines.”

e

A) Deep Inelastic Scattering: 1969, " =y
SLAC: QCD/Quark Substructure  QEZZniltsd\
(e~ beams)
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The Virtue of Lepton Colliders JRR, DESY]

(FALSE) PARADIGM: “Hadron colliders are discovery machines, lepton colliders are precision machines.”

e

A) Deep Inelastic Scattering: 1969, " v '
SLAC: QCD/Quark Substructure  QEZZniltsd\

' “ .' ‘r—r B) Neutral currents: 1973, Gargamelle,
FETS- o CERN: Weak Gauge Structure
(v, beams)
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The Virtue of Lepton Colliders R, DESY]
(FALSE) PARADIGM: “Hadron colliders are discovery machines, lepton colliders are precision machines.”
A) Deep Inelastic Scattering: 1969, .
SLAC: QCD/Quark Substructure

C) Charm/tau GlSe@VErR AT 6
SLAC: SM flavor structure
(e~ e’ beams)

EEE/{/ J.R.Reuter LCWS 2015 Theory Recollection ILC Meeting, DESY, 13.11.15



Not only unexpected...also predicted/partially unpredicted

D) First jet physics In ete-: 1978, s I

PETRA, DESY: Gluon discovery  Ee i 8 -B
(e e™ beams) ) N
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Not only unexpected...also predlcted/partlally unpredlcted

D) First jet physics In ete-: 1978,
PETRA,
(e~ e™ beams)

@S@ J.R.Reuter

DESY: Gluon discovery

E) B meson osclllations: 1987, ARGUS,
DESY: Top mass > 100 GeV
(e~ e™ beams)
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Not only unexpected...also predlcted/partlally unpredlcted

D) First jet physics In ete-: 1978,

FI=iE

(e~ e™ beams)

ectrow
BEECER

fcic

@ J.R.Reuter

F)

RA, DESY: Gluon discovery

E) B meson osclllations: 1987, ARGUS,
DESY: Top mass > 100 GeV
(e~ e™ beams)

eak Precision: [989-96,

N: Higgs mass < 200 GeV
DeEaAMSs)
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The Discovery Conundrum JRR, DESY]

SP(P)S

pp @ 0.54TeV

Tevatron

b @ 1.8,1.96TeV

LHC
pp @ 7,8,13,14TeV

“FCC-hh”

bp @ 60,80,100 TeV (2)

o\
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The Discovery Conundrum

[JRR, DESY]

Sp(P)S Guaranteed
discovery of
Tevatron
pp @ 1.8,1.96TeV
LHC
pp @ 7,8,13,14TeV
“FCC-hh”
pp @ 60,80,I100TeV (?)
éE‘S{ J.R.Reuter LCWS 2015 Theory Recollection ILC Meeting, DESY, 13.11.15
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The Discovery Conundrum

Sp(p)S Guaranteed prepared by
discovery of ~|Many experiments
i Wand Z especially v beams
Tevatron

b @ 1.8,1.96TeV

LHC
pp @ 7,8,13,14TeV

“FCC-hh”

bp @ 60,80,100 TeV (2)
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The Discovery Conundrum

Sp(P)S Guaranteed prepared by
discovery of ~|many experiments
PP @ 0.54TeV W and Z especially V beams
Tevatron Guaranteed
2 discovery of
pp @ 1.8,1.96TeV top

LHC
pp @ 7,8,13,14TeV

“FCC-hh”

bp @ 60,80,100 TeV (2)
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The Discovery Conundrum

Sp(p)S Guaranteed prepared by
discovery of |many experiments
e ot ey Wand Z especially vV beams
Tevatron Guaranteed prepared by
discovery of DORIS/SLC/LEP
pp @ 18,1.96TeV top e+e- @ 0.01,0.091 TeV

LHC
pp @ 7,8,13,14TeV

“FCC-hh”

bp @ 60,80,100 TeV (2)
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The Discovery Conundrum

[JRR, DESY]

Sp(p)S Guaranteed prepared by
discovery of |many experiments
e ot ey Wand Z especially vV beams
Tevatron Guaranteed prepared by
discovery of DORIS/SLC/LEP
pp @ 18,1.96TeV top e+e- @ 0.01,0.091 TeV
LHC Guaranteed

pp @ 7,8,13,14TeV

discovery of
Higgs (or EVWSB)

“FCC-hh”

bp @ 60,80,100 TeV (2)
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The Discovery Conundrum

[JRR, DESY]

Sp(p)S Guaranteed prepared by
discovery of |many experiments
e ot ey Wand Z especially vV beams
Tevatron Guaranteed prepared by
discovery of DORIS/SLC/LEP
pp @ 18,1.96TeV top e+e- @ 0.01,0.091 TeV
LHC Guaranteed prepared by

pp @ 7,8,13,14TeV

discovery of
Higgs (or EVWSB)

SLC/LEP
ete- @ 0.091,0.209 TeV

“FCC-hh”

bp @ 60,80,100 TeV (2)

@i@ J.R.Reuter
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The Discovery Conundrum

[JRR, DESY]

Sp(p)S Guaranteed prepared by
discovery of |many experiments
e ot ey Wand Z especially vV beams
Tevatron Guaranteed prepared by
discovery of DORIS/SLC/LEP
S50 Tey top ete- @ 0.01,0.091 TeV
LHC Guaranteed prepared by

pp @ 7,8,13,14TeV

discovery of
Higgs (or EVWSB)

SLC/LEP
ete- @ 0.091,0.209 TeV

“FCC-hh”

bp @ 60,80,100 TeV (2)

@i@ J.R.Reuter

no guarantee
77
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The Discovery Conundrum

[JRR, DESY]

Sp(p)S Guaranteed prepared by
discovery of |many experiments
e ot ey Wand Z especially vV beams
Tevatron Guaranteed prepared by
discovery of DORIS/SLC/LEP
S50 Tey top ete- @ 0.01,0.091 TeV
LHC Guaranteed prepared by

pp @ 7,8,13,14TeV

discovery of
Higgs (or EVWSB)

SLC/LEP
ete- @ 0.091,0.209 TeV

“FCC-hh”

bp @ 60,80,100 TeV (2)

@i@ J.R.Reuter

no guarantee
77

LCWS 2015 Theory Recollection

prepared by ILC
ete- @ 0.35,0.5TeV

7
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Conditions for (lepton) collider discoveries urrpem

¢ New particle in kinematic reach of your collider

¢ Example: Charm discovery, electroweakino
¢ Difficult to predict: might need symmetry, coupling strength, indirect evidence [DM]

¢ New physics in (rare) decays of known particles

¢ Example: anomalies in rare B decays, anomalies in Higgs decays
¢ Difficult to predict: needs tremendous technical knowledge of known physics

¢ Deviations within existing interactions

¢ Example: ete- = hadrons below charm threshold, Z’ in contact interactions
¢ Difficult to predict: needs theoretical hint, experimental hint from somewhere else

¢ Decipher structure of new but known interactions

¢ Example: gluon discovery (massless carrier of confining theory), Higgs self-interaction
¢ Has guidance from existing experimental data; correct theory needs to be known

¢ Discovery of new strong interactions

¢ Example: quark substructure, composite Higgs
¢ Mostly for non-perturbative physics;
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Proposal for presentation of discovery (K. Fuiii, KEK]
scenarios

If Some New Physics Signal Seen at 13 TeV LHC

- - Other
Precision Precision : :
: Indirect Direct Searches
Higgs Top

Methods

SUSY

Composit

€Nness

DM
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Proposal for presentation of discovery e o

If Some New Physics Signal Seen at 13 TeV LHC

Other
Indirect
Methods

Precision Precision
Higgs Top

SUSY

Composit

eness

DM

L%
DEsy ) J.R.Reuter

scenarios

Classification of Parameter Space
(a) Both ILC and 13TeV LHC can access some new particle(s)
(b) Only 13TeV LHC can access some new particle(s)
(c) Ony ILC can access some new particle(s)
(d) Neither ILC nor 13TeV LHC can access any new patrticle

Direct Searches
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Proposal for presentation of discovery e o
scenarios

Classification of Parameter Space
(a) Both ILC and 13TeV LHC can access some new particle(s)
(b) Only 13TeV LHC can access some new particle(s)
If Some New Physics Signal Seen at 13 TeV LHC (c) Ony ILC can access some new particle(s)
Other (d) Neither ILC nor 13TeV LHC can access any new particle

Indirect Direct Searches
Methods

Precision Precision
Higgs Top

SUSY
Composit

eness (a)

5 9

(b)

() (d)

Mx
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Conclusions

Again: way too few theorist at LCWS
Focus a lot on top physics: NLO, Threshold, Matching, strong coupling

Still waiting for Dark Matter, but not much new

[ R IR

also: not much new from the Higgs boson
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Conclusions

Again: way too few theorist at LCWS
Focus a lot on top physics: NLO, Threshold, Matching, strong coupling

Still waiting for Dark Matter, but not much new

[ R IR

also: not much new from the Higgs boson
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Conclusions

Again: way too few theorist at LCWS
Focus a lot on top physics: NLO, Threshold, Matching, strong coupling

Still waiting for Dark Matter, but not much new

[ R IR

also: not much new from the Higgs boson

I FOUND THE HUGS BISON.

MINIMUMBLE.COM PZO1Z CHRIS HALLBECK

[S. Heinemeyer, UAM Madrid]
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Final words ...
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Final words ...

l‘\'

LLIERT
BERLIN'ANNLLLIERT
KIEW'AVNULLIERT

TUNIS'ANNULLIERT
HANNOVEHAKNULLlERT

HELSINKI'AANULLIERT
STUTTGART-ANNULLIERT

HOUSTOV'ANKULLIERT
KARLSTAD-JUNKOPING
NUERNBERG'ANNULLIERT
DALLAS-ANNUILIE?T
MIAMI'ANNULLIERT
ALGIER-ANNULLIERT
TCULOUSE'ARNULLIERT
SOF IA-ANNULL IERT
yapplRG-ANNULLIERT

... IS not a partner of this workshop
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