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Open issues for Higgs @ TLEP

 Access to light quark couplings via rare decays, e.g. h→ J/Ψ+γ or h → Φ+γ?

 Access to electron coupling?

 s-channel production: γγ→h→bb

 Complementarity with EW precision data and Anomalous gauge couplings?

 Probing CP-odd couplings?

 Probing invisible Higgs decay, e.g. for Dark Matter Higgs portals?

 Estimating the sensitivity on flavor-violating Higgs decay, e.g. h → τ+μ?

See Y. Soreq’s talk
See D. d’Enterria’s talk

See A. Falkowski’s and T. You’s talks

See P. Rebello Teles’ talk
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Higgs couplings to light quarks
See Y. Soreq’s talk

Yotam Soreq - “An Exclusive Window onto Higgs Yukawa Couplings” FCC ee/TLEP8

bounds on light quark  Yukawa

Indirect bounds on light-quark Yukawas from current Higgs data 
(naive !2) 

@ 95% CLonly the corresponding 
Yukawa  is varied

all Higgs couplings 
are allowed to vary

yu/y
SM
b < 1.0(1.3) yd/y

SM
b < 0.9(1.4)

ys/y
SM
b < 0.7(1.4) yc/y

SM
b < 0.7(1.4)

yqq0/y
SM
b < 0.6(1)

diagonal:

off-diagonal: q, q0 2 u, d, s, c, b q 6= q0

FCNC not robust bound ybs/y
SM
b < 8⇥ 10�2 Harnik, Kopp, Zupan 1209.1397!

Blankenburg, Ellis, Isidori 1202.5704

Can even be larger than the SM bottom Yukawa!!
Leads to interesting Higgs phenomenology 

Delaunay, Golling, Perez, YS 1310.7029

5

from inclusive Higgs 
decays

Important measurements 
1. to understand flavor origins 
2. to know if the Higgs vev is the only mass generator
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Higgs couplings to light quarks
See Y. Soreq’s talk

Yotam Soreq - “An Exclusive Window onto Higgs Yukawa Couplings” FCC ee/TLEP8

exclusive decays
h ! MV

vector meson � W Z
work in progress

ys

yd , yu

h ! J/ � yc

h !
��
⇢�
!�

Bodwin, Petriello, 
Stoynev, Velasco!

1306.5770

Small branching ratio, BUT reduced QCD background!

off-diagonal: h ! B̄⇤
s� , B̄⇤

d� , D⇤� K⇤�

7

from exclusive Higgs 
decays

Yotam Soreq - “An Exclusive Window onto Higgs Yukawa Couplings” FCC ee/TLEP8

diagonal coupling

h

γ

s

s̄

h

s

s̄

γ

direct indirect

light-cone distribution 
amplitude (LCDA)

main sensitivity to Yukawa 
due to interference! 

�(� ! e+e�)
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photon/vector- meson 
mixing
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Yotam Soreq - “An Exclusive Window onto Higgs Yukawa Couplings” FCC ee/TLEP8
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Yotam Soreq - “An Exclusive Window onto Higgs Yukawa Couplings” FCC ee/TLEP8

future experimental prospects

e+e- colliders:!

• Very clean machine. !

• σ~200 fb for √s= 240 GeV. 1308.6176!

• For integrated luminosity of 10 pb-1: 2×106 Higgses are 
expected. 1310.8361!

• About 40 events in the h→"ɣ channel - can be used to 
put direct upper bound on the first generation Yukawa 
couplings at the order of the SM bottom Yukawa. 

11

Huu and Hdd couplings:
upper limit of O(2) SM value! 
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Higgs coupling to electrons
See D. d’Enterria’s talk

3/18FCC-ee Phys. Workshop, Paris, Oct'14                                                      David d'Enterria (CERN)

Resonant s-channel eResonant s-channel e++ee--    H production H production

■ Resonant Higgs production considered so far only for muon collider: 

    s(µµ H) ~ 70 pb.   Tiny g
Hee

 Yukawa coupling fi Tiny s(ee H)

■ Huge luminosities available at FCC-ee:

BR(He+e-)~5.3·10-9 (decay unobservable)

= 1.64 fb (m
H
=125 GeV, G

H
=4.2 MeV)

In theory,FCC-ee (L
int

~10 ab-1/yr) running at 

H-pole mass would produce O(16.000) H's

IFF we can handle: (i) beam-energy spread,

(ii) ISR, and (iii) huge backgrounds...

→ Electron Yukawa coupling measurable?

→ Higgs width measurable (threshold scan)?

→ Separation of possible nearly-degen. H's? 

c
o
u
p
lin

g
 l

mass(GeV)

10-5

10-3 1

10-3 what makes 
this measurement challenging

Are we ready to run @ 125GeV for x years to put a bound on the Hee coupling?

18/18FCC-ee Phys. Workshop, Paris, Oct'14                                                      David d'Enterria (CERN)

ConclusionsConclusions

■ Resonant s-channel Higgs production at FCC-ee (÷s = 125 GeV):

■ Signal + backgrounds study for 7 decay channels:

     WW*(2j,ln) (s = 28 ab), WW*(2l2n) (s = 6.7 ab),

     WW*(4j) (s = 29.5 ab), ZZ*(2j2n) ( s = 2.3 ab), ZZ*(2l2j) ( s = 1.14 ab), 

     bb (2j) (s = 156 ab), gg (2j) (s = 24 ab)

■ Preliminary analysis:

   L
int 

= 10 ab-1, S=0.65: BR(Hee) < 4.63×BR
SM

 (3σ), g
hee 

< 2.15 × g
Hee,SM

 (3σ)

    Evidence (observation?) will require further improvements in large-BR

    (huge background) jet channels: HÆ bb, H Æ WW Æ 4j

■ Challenging accelerator conditions: mono-chromaticity, huge lumi

■ Fundamental & unique physics accessible if measurement feasible:

   → Electron Yukawa coupling 

   → Higgs width measurable (“natural” threshold scan)

s(e+e- H )
B-W

 ~ 1.64 fb

s(e+e- H )
visible

~ 280 ab (ISR + E
beam-spread

~ G
H 

= 4.2 MeV)

18/18FCC-ee Phys. Workshop, Paris, Oct'14                                                      David d'Enterria (CERN)
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6/18FCC-ee Phys. Workshop, Paris, Oct'14                                                      David d'Enterria (CERN)

  σσ (e(e++ee--H) reduction: Beam energy spread + ISRH) reduction: Beam energy spread + ISR

■ Extra ~40% reduction also due to initial state radiation:

s
beam-spread+ISR

(e+e- H)=0.17  ¥ s(e+e- H)  

s(e+e- H) = 290 ab

√s
spread 

~ G
H 

= 4.2 MeV

■ Combined reduction factors:

Reduc. factor: ~45%
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s-channel Higgs production γγ→h→bb
See P. Rebello Teles’ talk

EWK & Higgs physics with γγ @FCC-ee 

!  Interesting processes, never observed before, become accessible: 

     γγ " γγ, γγ " H, ...  

!  Stringent constraints on anomalous QGC possible: γγW+W- and γγZZ  
3!

Photon-photon effective luminosities using Effective Photon Approximation 
(EPA) fluxes: �eff(FCC,γγ) ~20 × �eff(pp-LHC,γγ) w/o huge LHC p-p pileup. 

Higgs, WW, ZZ, …  
production rates proportional to 

γγ luminosity 

γγ!2>!ZZ!

γγ effective luminosities: 
γγ " H " bb~ @ FCC-ee 

5!

!  γγ coll ision offers the 
u n i q u e p o s s i b i l i t y t o 
produce Higgs boson as s-
channel resonance 

 
!  Signal: 
  √s = 161GeV:    0.053fb     
  N(H " bb~)=53 counts/ab-1 

 
  √s = 240GeV: 0.208fb 
  N(H " bb~)=208 counts/ab-1 
 
!  Backgrounds: 
    Dominant e+e-"Z*,γ*"bb~ 
   (~2 pb without cuts) should 
   be killed with e± tagging. 
 

   Continuum γγ"bb~(cc~,qq~) 
   Effic(b-jet reco) = (70%)2 

   Prob(b-mistag.)=(5%)2 (c) 
   Prob(b-mistag.)=(1.5%)2 (q) 
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Kinematical distributions for √s =240 GeV (before cuts) 

Results & Perspectives 

!  Rich physics opportunities in the EWK and Higgs sector of the SM. 
  

! γγ " H " bb~  channel :  
%  e+e- "bb~ removed by e± tagging (loss of 75% of signal);  
%  Continuum γγ backgrounds removed with cuts in suitable kinematical 

variables (θe± , pTJets and Mbb) 
%  Evidence/Observation γγ "H "bb~ with 1 ab-1 at FCC-ee(160, 240 GeV). 

  

!    γγ " W+W- " 4 jets : 
%  √s = 240 GeV => N(γγ  "  W+W-)SM = 2600 counts/ab-1; 
%  aQGC studies: via high-dimension effective operators; WHIZARD authors 

are working on the Dim6 and Dim8 effective operators implementation. 
 

11!

Thank you 
by-product:

 also studying γγ→WW→4l to put bound on aQGC 

Patrick’s question:
There must also be some (γ*→ ρ) γ → h and ρρ → h if I 

remember my vector-dominance model from LEP. 
Can we exploit those to also constrain κu and κd ?
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Complementarity Higgs-EW-TGC data
See A. Falkowski’s and T. You talks

4-fermion 
operators

2-fermion 
dipole 

operators

2-fermion 
vertex 

corrections

 Self-
interactions of 
gauge bosons 

2-fermion 
Yukawa 

interactions

Higgs 
interactions 
with gauge 

bosons

e.g.

e.g. e.g.

e.g.

e.g.

e.g.

Dimension-6 Lagrangian

Higgs 
interactions 
with itself

e.g.

(all hell breaks loose)

To take away
There are strong constraints on certain combinations 
of dimension-6 operators from the pole observables 
measured at LEP-1 and other colliders
WW production process is extremely important, 
because it lifts flat directions of the pole observables 
Current model independent LEP-2 constrain are weak, 
due to an accidental flat directions
Better probes of dimension-6 operators in WW 
production should be designed for future e+e- 
colliders
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Complementarity Higgs-EW-TGC data
See A. Falkowski’s and T. You talks

FCC-ee (TLEP)

Rough one-by-one 

constraint projection 

(Preliminary)

Using TLEP design study 

[arXiv:1308.6176]

Tevong You

See also recent preprint arXiv:1411.1054 by J.Fan, M. Reece and L-T. Wang



Christophe Grojean FCC-ee phenomenology FCC-ee Vidyo, Nov. 24, 2o149

Physics with Large statistics

 1012 Z  (line-shape, mass & width, probe rare (FCNC) decays)
 108 W (mass)
 3x1010 tau/muon pairs
 2x1011 b/c quarks ⇒ >20’000 Bs→τ+τ-

 TLEP@340/500: 106 top pairs (pole mass, probe FCNC decays, top Yukawa)

What can we do with increased precision?
 indirect search for RH neutrinos for EW precision tests
 direct search for RH neutrinos for Z decays

See O. Fischer’s talk

See N. Serra’s talk

The precision challenges
Summary

• very high statistics at the Z peak poses some challenges for a
model-independent extraction of the derived parameters

• a data/theory comparison at the level of measured cross sections
could be more safe, even if

• it requires more involved complete theoretical calculations for the
processes e+e� ! ff̄ within and in models beyond SM

• it renders more involved the average over different experiments
• high precision predictions for Bhabha scattering will be required
• hadronic contributions to vacuum polarization will require input

from high intensity low energy machines

F. Piccinini (INFN) TLEP8 28 October 2014 15 / 15

Higher order calculations

• within or Beyond the SM, the high precision of FCCee will require
higher order perturbative calculations

• during the last decay great technological advances for the
calculation of higher order (beyond one-loop) radiative corrections

• however, a bottleneck will be represented by the hadronic
contributions to the vacuum polarization

• Will be enough the precision of Belle II on the hadronic cross
section for the FCCee requirements?

F. Piccinini (INFN) TLEP8 28 October 2014 12 / 15

See F. Piccinini’s talk
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Indirect search for νR
See O. Fischer’s talk

Non-Unitarity of the Leptonic Mixing Matrix

Presence of massive right-handed neutrinos (⌫
R

):

L
Theory

= L
SM

+ L⌫
R

Leads to mixing of the neutral states (⌫
L

, ⌫
R

):

U =

0

BBB@

0

@ N

1

A . . .

...
. . .

1

CCCA
with U†U = 1

I N ⇠ Pontecorvo-Maki-Nakagawa-Sakata (PMNS) matrix

I PMNS as submatrix in general not unitary

Minimal Unitarity Violation (MUV) Scheme

I For the formalism, see Backup I.

I Modification of the weak currents with neutrinos:

�
Jµ ,±�

↵i
= `↵�

µ⌫
i

N↵i ,
�
Jµ, 0

�
ij

= ⌫
i

�µ⌫
j

⇣
N†N

⌘

ij

I Corresponding observables are / NN† ⇠ N†N

I Parametrisation: (NN†)↵� = 1↵� + "↵�

Sensitivity to Non-Unitarity from Lepton Universality Tests

∆present

∆planned
LE

FCC"ee

0 10 20 30 40 50 60 70
0

10

20

30

40

50

!ΕΜΜ"Εee!%10
4

!Ε
ΤΤ
"
Ε Μ
Μ
!%
1
0
4

I Assumption: SM is true (" ⌘ 0 & Oexp = OSM).
I Blue line: experimental constrains (present).
I Orange line: experimental sensitivity (planned).

MOLLER, TRIUMF, PSI, NA62, Tau/Charm factories
I Green line: W decays at the FCC-ee.

Sensitivity to Non-Unitarity from EWPOs

ILC

∆theory

∆present

FCC"ee

10"6 10"5 10"4 10"3 10"2
10"4

10"3

10"2

!Εee$ΕΜΜ!

!Ε
ΤΤ
!

I Non-unitarity of the EWPO only.
I Blue lines: theoretical and experimental constrains (present).
I Red/Green line: ILC/FCC-ee sensitivity, see Backup VI.
I "↵� = �y⇤↵y�v

2
EW

/(2m2
⌫
R

) ) Test m⌫
R

up to ⇠ 60 TeV.

Global Fit to Precision Data

I MUV theory prediction for 34 precision observables,
see Backup II, III, IV, V.

I MCMC fit of six parameters "↵� , including correlations.

I Highest posterior density intervals at 90% Bayesian C.L.:

�0.0021  "
ee

 �0.0002
�0.0004  "µµ  0
�0.0053  "⌧⌧  0

|"
eµ| < 1.0⇥ 10�5

|"
e⌧ | < 2.1⇥ 10�3

|"µ⌧ | < 8.0⇥ 10�4

current bounds

future prospects

FCC-ee sensitive to mνR~60TeV but not νR of traditional seesaw Actually, 
for traditional seesaw: ε~ 10-5 x(10keV/mνR) ➾ no visible effects
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Direct search for (light) νR
See N. Serra’s talk

Sterile neutrino masses

Neutrino masses below EW scale is appealing to explain simultaneously Dark Matter, 
neutrino oscillations, baryon-antibaryon asymmetry without a new mass scale —> 
nuMSM (Asaka and Shaposhnikov arXiv:hep-ph/0505013)!

Seesaw formula mD ⇠ YI↵ < � > and m⌫ =

m2
D

M

• Assuming m⌫ = 0.1eV

• if Y ⇠ 1 implies M ⇠ 1014GeV

• if MN ⇠ 1GeV implies Y⌫ ⇠ 10�7

remember Y
top

⇠ 1. and Y
e

⇠ 10�6

4

Traditional seesaw
mνL = Y2 v2/mνR 

mνR [GeV]
Sensitivity assuming zero background

Assuming zero background in the region 10cm and 5m with 1013 Z0

HNL mass (GeV)
1 10

2 τ
 +

 U
2 µ

 +
 U

2 e
U
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-1110

-1010
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-710
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-410

BAU

Seesaw

BBN

nuTeVPS191

CHARM Delphi

inverted hierarchy

SHiP

TLEP

HNL mass (GeV)
1 10

2 τ
 +

 U
2 µ

 +
 U

2 e
U

-1210
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-410

BAU

Seesaw

BBN

nuTeV

PS191

CHARM
Delphi

normal hierarchy

SHiP

TLEP

- The lower line depends on the decay volume and the number of Z0!
!
- The higher line depends on the minimum distance from PV and the number of Z0

14

νR are produced in the 1012 TLEP Z decays and can be searched for
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W mass and New Physics

In the SM, W mass is “predicted” 
in terms of Z mass, GF, αem...

Precision observables in the SM and the MSSM

MW , sin2 θeff, Mh, (g − 2)µ, b physics, . . .

A) Theoretical prediction for MW in terms

of MZ,α, Gµ,∆r:

M2
W

(

1−
M2

W

M2
Z

)

=
π α√
2Gµ

(1 +∆r)

#
loop corrections

Evaluate ∆r from µ decay ⇒ MW

One-loop result for MW in the SM:
[A. Sirlin ’80] , [W. Marciano, A. Sirlin ’80]

∆r1−loop = ∆α − c2W
s2W

∆ρ + ∆rrem(MH)

∼ log MZ
mf

∼ m2
t log(MH/MW)

∼ 6% ∼ 3.3% ∼ 1%

Sven Heinemeyer FCC-ee workshop, CERN, 18.06.2014 4

Any deviation (if the TH uncertainty can be kept under control) tests NP

1000 2000 3000 4000 5000
0

200

400

600

800

1000

mté1 HGeVL

dm HGeVL

Fig. 14: Sensitivity of the W mass measurement to the mass mt̃1 of the lighter supersymmetric partner of the
top quark (horizontal axis) as a function of the difference �m between the masses of the two stop squarks (vertical
axis), from the analysis of Ref. [59]. The colours indicate that measurements of the W mass with a precision
smaller than 5 MeV (blue), 1 MeV (red) and 500 keV (green) would be sensitive to a stop mass of 850 GeV,
1.9 TeV and 2.6 TeV, respectively, independently of the stop decay modes.

4.2.2 The Z invisible width and the number of neutrinos
The measurement of the Z decay width into invisible states is of great interest as it constitutes a direct test
of the unitarity of the PMNS matrix – or of the existence of sterile neutrinos, as pointed out in Ref. [60].
It can be performed at the Z pole from the peak hadronic cross section or at larger centre-of-mass energies
with radiative return to the Z [61]. As explained below, at TLEP the latter is likely to be more accurate
than the former.

The measurement of the peak hadronic cross-section at the Z pole is indeed already dominated
by theoretical systematics today, related to the understanding of the low-angle Bhabha-scattering cross
section (used for the integrated luminosity determination). The present measurement, expressed in terms
of a number of active neutrinos,

N⌫ = 2.984± 0.008, (3)

is two standard deviations below the SM value of 3.00. The experimental conditions at TLEP will be
adequate to improve the experimental uncertainty considerably, but, to make this measurement worth-
while, a commensurate effort would have to be invested in the theoretical calculations of the small-angle
Bhabha-scattering cross section used for normalization. A desirable goal would be to reduce the uncer-
tainty on N⌫ down to 0.001, but it is not clear that it can be achieved from Z peak measurements.

Above the Z peak, the e+e� ! Z� process provides a very clean photon-tagged sample of on-
shell Z bosons, with which the Z properties can be measured. From the WW threshold scan alone, the
cross section of about 5 pb [62–65] ensures that 10 million Z� events will be produced in each TLEP
experiment with a Z ! ⌫⌫̄ decay and a high-energy photon in the detector acceptance. The three million
Z� events with leptonic Z decays will in turn provide a direct measurement of the ratio �inv

Z /�lept
Z , in

which uncertainties associated with absolute luminosity and photon detection efficiency cancel. The
40 million Z� events with either hadronic or leptonic Z decays will also provide a cross check of the

29

Probing MSSM stops

�mW < 5MeV ) mt̃1 > 850GeV

�mW < 1MeV ) mt̃1 > 1.9TeV

�mW < 0.5MeV ) mt̃1 > 2.6TeV

TLEP (physics case) ’13

See S. Heinemeyer’s talk

http://inspirehep.net/record/1251418
http://inspirehep.net/record/1251418
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∆mH = 200 MeV shifts prediction for BR(H → VV) by 2%

Uncertainties on input parameters

The measurements of today give the input parameters of tomorrow
e.g. a precise Higgs mass measurement needed for the Higgs couplings measurements

 (GeV)Hm
60 70 80 90 100 110 120 130 140

2 χ
Δ

0

1

2

3

4

5

6

7

8

9

10

TLEP, matching theory errors

TLEP, current theory errors

LEP, SLC,  and Tevatron

Fig. 17: The ��

2 of the Standard-Model Higgs boson mass fit to the projected TLEP precision measurements
(red curve) (with the exception of the direct Higgs boson mass measurement), compared to the ��

2 of the current
fit to the LEP, SLC and Tevatron measurements (blue curve). A precision of 1.4 GeV can be obtained on mH,
should the relevant theory uncertainties be reduced to match the TLEP experimental uncertainties. The dashed
curve shows the result of the fit with the current theory uncertainties, as implemented in Ref. [65].

where in each case the first error is the parametric uncertainty and the second is the estimated uncertainty
due to higher-order Electroweak corrections.

In both cases [67], the dominant parametric uncertainty is due to the experimental error in the
top mass, �mtop ⇠ 1 GeV, responsible for �mW ⇠ 6 MeV and � sin2 ✓e↵W ⇠ 3 ⇥ 10�5. A measure-
ment of mtop with a statistical precision of 10 to 20 MeV, as discussed above, could in principle reduce
these parametric uncertainties to �mW ⇠ 0.1 MeV and � sin2 ✓e↵W < 10�6, respectively. However,
there is currently a theoretical uncertainty in mtop associated with non-perturbative QCD, of the order
of ⇠ 100 MeV or more, which would need to be understood better. Other important parametric uncer-
tainties are those due to �mZ, responsible for �mW ⇠ 2.5 MeV and � sin2 ✓e↵W ⇠ 1.4 ⇥ 10�5. The
projected measurement of mZ with an error �MZ ⇠ 0.1 MeV would reduce these two parametric uncer-
tainties to �mW ⇠ 0.1 MeV and � sin2 ✓e↵W ⇠ 10�6 as well. Other important parametric uncertainties are
those associated with ↵em(mZ), which are currently �mW ⇠ 1 MeV and � sin2 ✓e↵W ⇠ 1.8⇥ 10�5. The
exploitation of the full power of TLEP would require reducing �↵em(mZ) by almost an order of magni-
tude, which will require significant improvements not only in lower-energy measurements of e+e� !
hadrons, but also in the theoretical understanding of radiative corrections [68–71].

These prospective reductions in the parametric errors of Eq. 9 will need to be accompanied by
order-of-magnitude reductions in the uncertainties associated with Electroweak corrections. This will
require a new generation of Electroweak calculations to higher order in Electroweak perturbation theory,
that are perhaps beyond the current state of the art, but within reach on the time scale required by TLEP.

4.6 QCD studies
As another example of the importance of precision measurements, the LEP determination of ↵s(mZ) was
already able, in association with sin2 ✓e↵W , to distinguish between supersymmetric and non-supersymmetric
models of grand unification [72–75]. The prospective TLEP accuracies on these quantities would take
this confrontation between theory and experiments to a completely new level.
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See S. Heinemeyer’s talk

http://inspirehep.net/record/1251418
http://inspirehep.net/record/1251418
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Where is New Physics after LHC run 1?LHC run 1 

BSM physics

heavy stealthy
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See A. Weiler’s talk

Precise measurements at TLEP can close the stealthy loopholes

signal v. background

Sometimes we can learn about new physics by 
precisely studying the background
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 WW xs example
 stop contribution to tt xs: for mstop=mtop, σstop/σtop~17% @7TeV ➾ tt xs NNLO needed
 rare processes: t→cZ in composite Higgs models: 

Natural t→ cZ in composite models

• t→cZ is a null test of SM 

• Natural composite Higgs models: t→cZ should be 
large 

• Tops will be RH polarized

 Agashe Perez, Soni; Agashe et al, Azatov et al (1408.4525) 
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The top physics program @ TLEP

Patrizia Azzi - 29/10/2014

• There are few clear high priority topics:  either because we know they are 
important, either to assess their real potential with appropriate studies. !

• (scarce) Available literature comes from ILC and (old) Tesla studies.!
• Shopping list (see also https://tlep.web.cern.ch/content/wg4-exp) : !

• top mass measurement at threshold @350GeV: « the measurement »!
• need to compare with current ILC expectation. some work being done (see later) !

• need to have specific FCC-ee complete analysis (i.e. with detector simulation)!

• as a byproduct of these analyses would come the precise determination of other 
precision variables: width, Yt, etc!

• top rare decays and anomalous couplings (240 or 350): the real fast 
way to find BSM physics. !

• need to explicitly evaluate the potential. some work being done here (see later) !

• in particular use of single top final states profiting of  higher luminosity run at 240 GeV !

• the case for 500 GeV run:  
• direct extraction of Ytt from ttH signal !

• any other BSM signal to look for?  

Deliverables

4

See P. Azzi’s talk

Patrizia Azzi - 29/10/2014

Prospects on rare decays 

7

Benjamin Fuks - 24.09.2014 - 

FCC@CERN                                    Top pair production                                    Single top and FCNC                                    Parton densities                                    Summary

Top physics opportunities at Future Circular Colliders

Rate top decays: also a TLEP case

30

✦ FCNC production of a top and a light quark!!
✤ At a center-of-mass energy of 240 GeV 
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Graph

-1ATLAS, 14TeV, 300 fb

-1FCC-ee, 240 GeV, 10 ab

[ K
hanpour et al. ]

✦ Inclusive approach via tt production cross section!!
✤ At a center-of-mass energy of 350 GeV !
✤ Five-year scan of the top-antitop threshold

[ Stew
art (AIP C

onf. Proc. ’02) ]

_

✤ Indirect constraints from the top width!
★ Constraining the magnitude of the rare decay modes

✤ Gain of 1.5 order of magnitude w.r.t. LHC 

[ TLEP Design Working Group (JHEP’14) ]

B. Fuks  
@Top2014

very preliminary results (IPM 
group) cross checks in progress: 
also hadronic channel being 
studied (Rome)

• Plan from the pheno-side to use a complete approach with dim-6 operators and 4 fermion interactions !
• Plan from the exp-side: use a Delphes simulation to include the charm-tagging option to evaluate the 

potential for the Ztc case and to be used for the detector design

NNLL

Patrizia Azzi - 29/10/2014

Perspectives on precision mass measurement 

6

F. Simon 
@Top2014

Patrizia Azzi - 29/10/2014

Perspectives on precision mass measurement 

6

F. Simon 
@Top2014


