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Asymptotic safety of gravity and the Higgs boson mass
Mikhail Shaposhnikov

Institut de Théorie des Phénoménes Physiques, Ecole Polvtechmique Fédérale de Lausanne, CH-1015 Lausanne, Switzerland

Christof Wetterich
Institut fiir Theorefische Physik, Universitiat Heidelberg, Philosophenweg 10, D-69120 Heidelberg, Germany

12 January 2010

Abstract

There are indications that gravity is asymptotically safe. The Standard Model (SM) plus gravity could be valid up to arbitrarily
high energies. Supposing that this is indeed the case and assuming that there are no intermediate energy scales between the
Fermi and Planck scales we address the question of whether the mass of the Higgs boson mp can be predicted. For a positive
gravity induced anomalous dimension 4; > 0 the running of the quartic scalar self interaction A at scales beyond the Planck
mass is determined by a fixed point at zero. This results in myg = mpy;, = 126 GeV, with only a few GeV uncertainty. This
prediction is independent of the details of the short distance running and holds for a wide class of extensions of the SM as well.
For 4; < 0 one finds my in the interval mpy;, < mgy < mpax ~ 174 GeV, now sensitive to 4; and other properties of the short
distance running. The case 4; > 0 is favored by explicit computations existing in the literature.
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Future Circular Collider Study - SCOPE

CDR and cost review for the next ESU (2018)

Forming an international
collaboration to study:

e pp-collider ( FCC-hh)
defining
Infrastructure

~16 T 100 TeV pp in 100 km
~20T 100 TeV pp in 80 km

o e*e collider ( FCC-ee) as
potential intermediate
step

 p-e (FCC-he) option

e 80-100 km infrastructure
In Geneva area

Jre Circular Colliders
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Future Circular Collider Study Kickoff Meeting
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FCC Study Coordination Group

} M. Benedikt, F. Zimmermann
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— M. Benedikt

F. Gianaotti, A. Ball, M. Mangano

A. Blondel, J. Ellis, P. Janot

M. Klein, O. Bruning

B. Goddard

D. Schulte, M. Syphers, J.M. Jimenez

Y. Papaphilippou (tbc)

J. Wenninger, U. Wienands, J.M. Jimenez

M. Benedikt, F. Zimmermann

P. Lebrun, P. Collier

F. Sonnemann, P. Lebrun



Proposal for FCC Study Time Line
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FCC-hh parameters — starting point

Energy 100 TeV c.m.

Dipole field ~16 T (Nb;Sn), [20 T option HTS]
Circumference ~ 100 km

#IPs 2 main (tune shift) + 2

Luminosity/IP i 5x103%4 cm-2s-t

Stored beam energy 8.2 GJ/beam

Synchrotron radiation 26 W/m/aperture  (filling fact. ~78% in arc)
Long. emit dampingtime 0.5 h

Bunch spacing 25 ns [5 ns option] already available
Bunch population (25 ns) 1x10%1 p from SPS for 25 ns
Transverse emittance 2.2 micron normalized

#bunches 10500

Beam-beam tune shift 0.01 (total)

b* 1.1 m (HL-LHC: 0.15 m)

Ongoing discussion : should we go to $&tm-=2s-t ?

CERN Future Circular Collider Study
\ Michael Benedikt

S FCC Kick-Off 2014
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Alain Blondel First look at the physics case of TEP
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parameter LEP2 FCC-ee
Z Z (c.w.) W H t

Epean [GeV] 104 45 45 80 120 175
beam-beam par. x,/IP 0.06 0.03 0.175 0.06 0.093 0.092
current [mA] 3.0 1450 1431 152 30 6.6
Psriot [MW] 22 100 100 100 100 100
no. bunches 4 16700 29791 4490 1360 98
N, [10%] 4.2 1.8 1.0 0.7 0.46 1.4
e [nm] 22 29 0.14 3.3 0.94

€ [pm] 250 60 1 1 2 2
b*, [m] 1.2 0.5 0.5 0.5 0.5 1.0
b*, [mm] 50 1 1 1 1 1
s, [nm] 3500 250 32 84 44 45
S,sr [MM] 11.5 1.64 2.7 1.01 0.81 1.16
S, 1ot IMM] (W beamstr.) 11.5 2.56 5.9 1.49 1.17 1.49
hourglass factor F 0.99 0.64 0.94 0.79 0.80 0.73
L/IPO#® * ' #P 0.01 28 212 12 6 1.7
o eam [MIN] 434 298 39 73 29 21
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TERA-Z, Oku-W, Megatops

Precisiontests of the
closure of the Standard Model
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target precisions
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Also -- Dsinqy,, »10°
-- Das= 0.0001 from W and Z hadronic widths
-- orders of magnitude on FCNCs and rare decays etc. @t

Design study to establish possibility of correspondingrecision theoretical calculations.
Alain Blondel FCC Future Circular Colliders
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Adding masses to the Standard model neutrino 'simply' by ading a Dirac
mass term (Yukawa coupling)

Implies adding a right-handed neutrino (new particle)

No SM symmetry prevents adding then a term like

and this simply means that a neutrino turns into a antineutrino
(the charge conjugate of a right handed antineutrino is a left hand#neutrino!)

J 6.\ /B3 ,; * \ 27
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4 states of equal masses

Some have 1=1/2 (active)
Some have I=0 (sterile)

Dirac only, (like e- vs e+):
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2 states of equal masses

All have 1=1/2 (active)

Mg 0 2
mp2 0
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Iweak= Y2 0 Y2 0
4 states , 2 mass levels

ml have I=1/2 (~active)
m2 have I=0 (~sterile)
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Nnh = 2.984 +0.008
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2 +0.0046 on N

Improving on N , by more than a factor 2 would require a large effor t
to improve on the Bhabha cross-section calculation!
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RHASNU’s production in Z decays

Production:
multiply by 2 for anti neutrino and add contributions of 3 neutrino species (with different [U]  2)

Decay

Decay length:

cm
NB CC decay always leads to
B8 2 charged tracks
Backgrounds : four fermion: e+e- W*t W*  et+e-  Z*(w) + (Z/@*

04/11/2014 Alain Blondel Future Circular Collider E#




Order-of-magnitude extrapolation of existing limits

4 1% Z decays

BAU

maybe achievable with
1010 -10'3 Z decays?
04/11/2014 Alain Blondel Future Circular Collider See-saw 62



heavy neutrino mass ~ M

a large part of the interesting region will lead to de  tached vertices
very strong reduction of background!
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330 registered participants



Meanwhile N. Lockyer was speaking at the ICFA seminar in Beijing

Higgs discovery has dramatically changed the landsc ape...

Higgs discovery motivates a precision Higgs factory...not going
to make three....what is the right direction?

China wants to build a Higgs factory
Europe wants to build a Higgs factory

ILC higher energy (500 GeV), both beams polarized, mature
design & machine ready to go technically e.g., Euro-XFEL~500
cavities built...together 3 regions can build ILC

— (significant energy increase possible with further R&D on Nb3Sn)
Strategy for FCC and CECP is however attractive

Neither FCC or CECP as high energy as Linear Collider(s) but
have an attractive growth path just as LEP grew into LHC.

~ Note that this is not based on physics comparisons but
values FCC-ee as launching pad for FCC-hh
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First look at The Physics Case of TLEP
arXiv:1308.6176v2 [hep-ex] 22 Sep 2013
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