
Daniel F Litim

from exact asymptotic safety 
to physics beyond the Standard Model 

Heidelberg, 9 Mar 2017

DF Litim 1102.4624
DF Litim, F Sannino, 1406.2337
AD Bond, DF Litim, 1608.00519
AD Bond, G Hiller, K Kowalska, DF Litim, 1702.01727



standard model

local QFT for fundamental interactions
strong nuclear force
weak force
electromagnetic force

open challenges

what comes beyond the SM?
how does gravity fit in? 



asymptotic safety

some or all couplings achieve 
interacting UV fixed point Wilson ’71

Weinberg ’79

if so, new directions for
BSM physics &, possibly, quantum gravity

4D gauge-Yukawa theory with 
exact asymptotic safety

Litim, Sannino, 1406.2337

idea:

proof of existence:

Bond, Litim @ERG2016
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no go theorem
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more gauge: useless
scalar quartics: useless
Yukawas: unique viable option
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gauge theory

can other couplings help?
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asymptotic safety
beyond the SM

L = L
SM

+ L
BSM, kin. + L

BSM, pot. + L
BSM,Yukawa

BSM Lagrangean

 i(R3, R2, Y )

Sij

flavors of BSM fermions
BSM singlet scalars

NF

LBSM,Yukawa = �yTr( L S  R +  R S†  L)

U(NF )⇥ U(NF )global flavor symmetry

Bond, Hiller, Kowalska, Litim, 1702.01727
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BSM fixed points
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BSM fixed points
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summary of SM matching: 
when it works

FP3

FP2
    genuinely, except in special circumstances 

(competition with other nearby FPs)

    genuinely, except in special circumstances 
(competition with other nearby FPs)



summary of SM matching: 
when it works
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phenomenology

assume low scale matching
              some BSM masses within TeV energy range

assume R3 6= 1 for LHC
R3 = 1(              can be tested at future          colliders)  e+e�

flavor symmetry: stable BSM fermions 
broken flavor symmetry: lightest BSM fermion stable

constraints from 
running couplings
the weak sector
long-lived QCD bound states
di-boson searches
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di-boson spectra and 
resonances

assume resonant production of BSM scalars

loop-mediated decay into

Sii
ψi ψi

G

G

g

g

GG = gg, ��, ZZ, Z�, or WW

interference effects

M . MS < 2M “high Ms”MS . M “low Ms”

MS <
p
s MS < 2M 



dijet cross section
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conclusions

weakly interacting UV completions of the SM

UV FPs can be partially or fully interacting
matching to SM explained, works in many cases

window of opportunities for BSM

new physics, can be probed at LHC
constraints from colliders

theorems for fixed points and asymptotic safety
systematics 
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phase diagrams

phase diagrams of simple gauge theories

parameters B,C

C 0

matter content 
Yukawa structure
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extensions I

but: do interacting UV FPs with exact asymptotic 
safety exist for semi-simple gauge theories?

Yes!

space of UV FP solutions is non-empty

interacting UV FPs with exact asymptotic safety 
exist for simple gauge theories Litim, Sannino, 1406.2337

Bond @ ERG 2016 and @ this meeting



extensions II

what is the impact of couplings with non-vanishing
canonical mass dimension?

fixed point persists  
effective potential remains stable

results:



Lagrangean

gauge

Yukawa

Higgs

Nc colours

Nf flavours

Nf times Nf

extensions II
further scalar invariants

Litim, Sannino, 1406.2337
2

(    )

Buyukbese, Litim @ Lattice2016 (in prep.)



extensions II
results: exact eigenvalue spectrum

n

✓n = Dn +O(✏)



more weak sector

d(R3)S(R2)NF

✓
TeV

M 

◆2

. 104

contributions to muon anomalous magnetic moment 
together with                                     leads to constraint�aexpµ ⇠ (2� 3) · 10�9

obeyed by all benchmark models.

contributions to the rho parameter arise if fermion 
multiplets encounter mass splitting                     due to 
SU(2) breaking

�M ⌧ M 

NF d(R3)S(R2) �M
2 . (40GeV)2

sub-percent splitting for TeV or higher BSM masses



R-hadron searches
assume pair-production of BSM fermions 2M <

p
s

at least the lightest has a long life (               ) and
forms colorless QCD bound states with SM matter

> ⌧
hadron

�  ̄ ⇠ NF C3 with C3 = [C2(R3)]
2 d(R3) d(R2)

via t-channel gluon fusionpp !   ̄

from ATLAS 
and CMS 

gluino 
searches

Mmin
 

lower limits  

model B, C, D, E: 2.3, >2.4, 2.2, 2.0 TeV



di-boson spectra and 
resonances

assume resonant production of BSM scalars

loop-mediated decay into
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