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Introduction

The Nobel Prize in Physics 2013 was awarded jointly to
Francois Englert and Peter W. 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 particle, by the
ATLAS and CMS experiments at CERN'’s Large Hadron Collider."
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Higgs potential

SM Higgs sector: complex scalar doublet ¢

L =dyd oo — V(|9]?), V =pu?|o)2+ 4|4
Unbroken phase: u? >0

Broken phase: u? <0

After SSB and Higgs mechanism:

0 C
O = v+H
V2 Re(d)

L =19 H*H—-V(H), V=—2C 4 Av2H2 4 JvH3 + & H

2

av| - _ my,

@ & —0 ~ —ul=Ave=-4H

oH |y, ue 5
g

=my ~ v=214G."/?=246.220 GeV
Q mH is free parameter.
So far, bare fields and parameters.
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Properties of the Higgs boson

2 2 2 2
I YT S H\? _ HY m2 o H

Q=0
Quantum numbers PC A+t
J =0
VEV v=2"14G."? ~ 246.22 GeV

QVVH=25/4G,1:/2m%/ V=WZ2
GyvmH = 252G,

gmi = 22/4 G my

Couplings
gHHH = 6VA
JHHHH = BA
Mass My is free parameter
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Cross sections & branching ratios

ATLAS and CMS Preliminary ~~ATLAS
| LHCPRunt -« ATLAS+CMS
c(9g— i - :i ;Cé
H—ZZ)| ——— Th. uncert.
Oyar/ Ogqr __"_—I
GWH/GggF .
6,/c. | | ATLAS-CONF-2015-044
e . CMS-PAS-HIG-15-002
i 5 (15 September 2015)
c.. /G :
i+ CggF i i % £ 1@ VS = 7 Tov
e 20fb' @ /s=8TeV
WW /22 .
BR™/BR | ""'_ per experiment
VY npZZ i
BR /BR =
77 I
BR"/BR =
BRBR™| =
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Parameter value norm. to SM prediction
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Production and decay channel i — H — f
Narrow-width approximation: o(i —+ H — f) = 6; x BR' = 0 x {

ggF

l'l'VBF

Oj

Hi = G)sm
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K = (G/) except for kg

rf
Kf = (rf)SM except for x,
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ATLAS and CMS
LHC Run 1

ATLAS H - yy
CMS H-yy

ATLAS H-ZZ - 4l

CMS H-2Zzz -4l

ATLAS+CMS yy

ATLAS+CMS 4l

ATLAS+CMS yy+4l

—e— Total . |Stat. 1 Syst.
Total  Stat. Syst.

F—=—e=——H 126.02 £ 0.51 (+0.43 + 0.27) GeV

124.70 + 0.34 ( + 0.31+ 0.15) GeV
124.51+ 0.52 (£ 0.52 + 0.04) GeV

125.59 + 0.45 ( + 0.42 + 0.17) GeV

125.07 £ 0.29 (£ 0.25 = 0.14) GeV

125.15 + 0.40 ( £ 0.37 £ 0.15) GeV

125.09 £0.24 ( £ 0.21 £ 0.11) GeV

123 124 125

My = (125.09 +0.24) GeV
ATLAS & CMS, PRL114(2015)191803

126 127 128 129
m,, [GeV]
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EW precision tests, triviality & vacuum stability
6 March 2012 M imie = 152 GeV
L ' 800 1 [T T [T T[T T[T T]
o= -
Sy — 0.02750+0.00033 —
- 0.02749+0.00010 600 m, = 175 GeV Bl
4 - *« incl. low Q® data ';' B
. é a(Mz) = 0118 2
>< 3 400 —
<] o~ | _
= B _
5 B not allowed _|
200 [— allowed —
1- ep ' He -~ not allowed _
0 | excluded \ .. A excluded 0 ; L |6 L | |9 — |12' ' |15' ' |1g
40 1(50 200 10 10 10 10 10 10

A [GeV]
m, [GeV]

@ my=(125.09+0.24) GeV agrees w/ EW precision data.
@ Triviality bound satisfied.
@ How about vacuum stability bound?
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Renormalizaton: RG evolution

Cosmological applications require reliable predictions over very large
range of scales: v<u <Mp

Use MS renromalization scheme: running couplings

A(p), ye(1), 9s(1), - -
Two-step procedure: 1. RG evolution:

d%(u) 1

2 _ R, — 2 2 4
dy(u) 1 9

2 Ut Jg 2o 42

SR =By, = Te2Vt\ gVt —49s )+
dgs(u) 1 11 ny

2 S _ _ _T

W =gz~ Pes = 152 2%z ta )t

B/{S), B3 Ghetyrkin, Zoller, JHEP06(2012)033; 04(2013)091
Bednyakov et al., JHEP01(2013)017; PLB722(2013)336; NPB875(2013)552

ﬁ,(_?),ﬁ(c” Mihaila et al., PRL108(2012)151602; PRD86(2012)096008
ﬁg(,f) Tarasov et al., PLB93(1980)429
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2. Matching at u = O(v):
Ap)=2"12Gemz 1 + 8 (u)+-- ]

Gem? 2 m2 m2
5/(-/1)(H)=8;m"’[6ln“ +253n\@+ﬁ< Z |n H)]

mlz-l 2 2
Sirlin, Zucchini, NPB266(1986)389
1/2 1
yi() =224 G2 me1 + 60 () + - ]
Q¢o+ Cras(u) <—3|n u? )

5 5
my Mz

>
my

Grm? 2 11 m m2,  m?
L OFm S T on L (T, T
2 m2 2 m; m?  m2,
Hempfling, BK,PRD51(1995)1386
5:7%) 5{%%)  Bezrukov, Kalmykov, BK, Shaposhnikov, JHEP10(2012)140
4 4
5U7) §UY) Degrassi et al., JHEP08(2012)098; BK, Veretin, NPB885(2014)459
2 2
5:) 8% Buttazzo et al, JHEP12(2013)089
2
5% forall x  BK, Veretin, Pikelner, NPB896(2015)19

5 () = =
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MS renormalization scheme

Parameters of the symmetric phase: g,g',A, my, ys
Parameters of the broken phase: e, my, mz, my, my
Tree-level relationships:

1 B 1 1
2~ 2 g2
4mI2/V 2 ﬁ 2 12 m_2H _ 2_m‘f2
2 9 2 919 2v?2 A V2
1 A e
va o ——mg T Am2,(1—m2,/m2)

Treat as exact in the MS renormalization scheme.

Threshold corrections and vacuum stability
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On-shell renormalization scheme

® Pole masses:

p* =Mz
p* = M3
p=my

@ Fine-structure constant: oy absorbs radiative corrections to

. 0=p°—mgy—Nga(p®) (B=H. W)

”iZ,T(PZ)
P2 - ny}/,T(pZ)

. 0=p° - m%,o ~MNzz 7(P%) -

:0=p—mso—24(p)

Thomson scattering.
Induces large corrections « aIn(g?/m?) and hadronic
uncertainties! ~~ Use instead Sirlin, PRD22(1980)971

TOTH

Gr =
vaMy, (1 — Mg,/ M3)

Threshold corrections and vacuum stability
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® Masses:

Z() 7
mg:Mz—I'l(Mz):mz(u) (1 —I—T—I-?‘F'”)
2

2 2 2 2
- 9 S0, 9 95 () g9 ()
2Y ST 16;22““5+(167r2> ot

- 1ex2 ¢

@ Couplings:
1+ Ar(u)
va(u)

(1 + A?) = {\/ZZ,GZZ,VeZZ,uZZ,VHA(e‘I' Ve — U+ Vu)]

21/ZGF _

62

8ms,(1—ms,/m3)

hard

hard: Nullify external four-momenta and light-fermion masses before
loop integration. Awramik et al., PRD68(2003)053004
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Threshold corrections
@ Couplings:

g?(u) =25 2GEME,[1 + S (u))
g% (1) +g?(u) = 2°2GEME[1 + 57(p)]

&2 () =22 GeME,[1 + S (p)] [1

- My 1+ 6 (u)
M2 1+87(u)

A(u)=2""2GEMZ[1 + 8y(1)]
yi() =234 GE2 Mi[1 + 8;(u)]
g2 (1) = 4mag” (L)1 + Sas (1))
@ Masses:
m3 () = MA[1+AF(u)][1+8g(n)] B=W,Z.H
me(pn) = M1+ AF()]V2[1 +8(n)]  f=tb

Exact two-loop results. BK, Veretin, Pikelner, NPB896(2015)19
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Tools

Packages used:

@ Generation of diagrams: QGRAF, DIANA Nogueira, Tentyukov

@ Reduction: TARCER (Mathematica) Mertig
~~ Gauge invariance upon inclusion of all tadpoles /

@ Numerical evaluation of master integrals: TSIL (C++) Martin

Program library created: mr for matchng and running (C++)
BK, Pikelner, Veretin, 1601.08143 [hep-ph]

@ Matching @ 2-loop EW & 4-loop QCD level
@ RG evolution @ 3-loop EW & 4-loop QCD level

Available for download from URL.: http://apik.github.io/mr/
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Numerical results

EW vacuum stability
0000000000

@ Corrections to dy(M;) in 1074

Cosmological implications

0000

My [GeV] | O(a) | O(oos) O(0?) total
124 —114.8 | —107.5 | —26.6 (—29.1) | —248.7
125 —1145 | —105.2 | —26.4 (—29.2) | —246.1
126 —114.1 | —103.1 | —26.3 (—29.3) | —243.5

@ Corrections to &;(M;) in 10~4

My [GeV] | QCD | 0(a) | O(aos) | O(o?) total
124 —599.3 | 13.5 —4.4 2.7 (3.1 —587.4
125 —599.3 | 13.2 —4.3 2.7 (3.1 —587.7
126 —599.3 | 12.9 —4.2 2.7 (3.1 —587.9

Outlook
000

@ Corrections to 6p(Mp)

{1+ 5b(Mb)}QCD,O(a),O(aaS),O(a2) —
1-0.1728 —-0.0190-0.0112+40.0032(0.0033)

BK, Pikelner, Veretin, NPB896(2015)19
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Role of tadpoles

e Q¥st’

@ Tadpole is gauge dependent and o 1/Mz" for My — 0.

@ Adjust vev V0 = ¢_(mg)2/xo to eliminate term o H in bare .Z.
Hempfling, BK, PRD51(1995)1386

@ No tadpole counterterm.

@ Include tadpoles order by order to ensure finiteness and gauge
independence.

@ AT(u) and 8 (u) are gauge independent through &' (?).

@ At O(0?), Sx(p) o< MY, for x = W, Z, f; Sy(p) o< M2; AF(p) o< M*
for My — 0.

@ my(u) gauge independent, but receive large EW corrections. ~~
Use instead Jegerlehner, Kalmykov, BK, PLB722(2013)123

mY (1) =2"3*Gr P yp(u) = My[1 + 8¢(1)] = mp(u)[1 + AF(w)] /2.

Threshold corrections and vacuum stability Bernd Kniehl
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Tadpole cancellation
@ Consider m¢(u) and ys(u) at (o) Hempfling, BK, PRD51(1995)1386

me(u) = Me(1 + S M;s/ Mt )y
yr(u) = 284 G2 M(1 + SMy/Ms — 8v/ V)i

S My /My = Re[Sl,(MZ) + S5(M2)] - 2V/4GE2 T/ M,
§v/v=[Mw(0)/M3, +E]/2—2"/*G/* T/ M3

@ Exact tadpole cancellation also in & (aas). Jegerlehner, Kalmykov,
NPB676(2004)365; BK, Piclum, Steinhauser, NPB695(2004)199

@ Incomplete tadpole cancellation in ¢(a?) BK, Veretin,
NPB885(2014)459; BK, Pikelner, Veretin, NPB896(2015)19

@ Similar for A (). Sirlin, Zucchini, NPB266(1986)389; Bezrukov et al.,
JHEPO01(2012)140

Threshold corrections and vacuum stability Bernd Kniehl
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Running top and bottom masses
@ Corrections to m;(M;) — M; in GeV

My [GeV] | QCD | O(a) | O(aas) O(o?) total
124 —10.38 | 12.08 | —-0.39 | —0.99 (-047) | 0.32
125 | —10.38 | 11.88 | —0.39 | —0.96 (—0.45) | 0.14
126 —10.38 | 11.67 | —0.38 | —0.94 (-0.44) | —0.03

@ Corrections to m) (M) — My in GeV

My [GeV] | QCD | O(a) | O(aas) O(o?) total
124 —10.38 | 0.234 | —0.076 | 0.047 (0.054) | —10.17
125 —10.38 | 0.229 | —0.075 | 0.047 (0.054) | —10.18
126 —10.38 | 0.223 | —0.073 | 0.047 (0.054) | —10.18

@ Corrections to my(Mp) — My
{mp(Mp) — Mb}QCD,O(a),O(aaS),O(aZ) —
—0.85—-1.90-1.53+1.75 (1.80) GeV

@ Corrections to m) (Mp) — M,
{m} (M) - Mo} ocp.0(a).0(aas).0(a2) =
—0.847 —0.093 — 0.055+0.016(0.016) GeV

~ myJ is much more perturbatively stable than mg(My).

Threshold corrections and vacuum stability Bernd Kniehl
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Vaccum stabillity in a nutshell

Recall

dA 1
w29 T 022 eay2 3yt 4.

du?2 1672
dy (1) 1 9
2 Uyt - Vo2 a42
B My 2 B my B
’l(mH)_O'130X<125.7Gev) - yi(my)=0.995x —-— L. gs(mz)=1.220

A(v)— (3/87°)y{ (v)In(/v)
1—(9/1672)yg (v)In(u/v)
~ w2 vexp(4rncvimz, /3mi) = 8.0 x 103 GeV

For m; > my, A(u)

Vacuum stability bound: Lindner, ZPC31(1986)295
If my < mf}, then A(u) <0 for > uc.
~ Decay of universe

Threshold corrections and vacuum stability Bernd Kniehl
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Vaccum stability condition

sign(H)V | A | Strong coupling

I\/Ih:mmax
Mhp=Myin

Zero
. Scale u
- __ Mptanck — — —

I\/IFermi

Determine u and Mgt for given M; (or ME™ for given My) so that

A(u) = Ba(A(n)) =0

~ Vacuum is stable for My > Mt (or My < Ms™).

Caveat: u' Mgt Mt are gauge independent, but (slightly) scheme

dependent. ~~ theoretical uncertainty

Threshold corrections and vacuum stability
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~—— \/

Fermi Planck Fermi Planck

Determine i and Mg} for given M; (or MS™ for given My) so that

Verr (") = Verr(v) =~ 0, Vige(fi") = 0

~ Vacuum is stable for My > Ml (or My < M),

Caveat: fi®, Mcii, M are gauge dependent!
Degassi et al.,, JHEP08(2012)098; Buttazzo et al., JHEP12(2013)089
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Consistent approach to effective potential

@ Reorganize V. (H) in powers of h so that expansion coefficients
are gauge independent at its extrema Andreassen et al.,
PRL113(2014)241801

@ Solve V/.(H) =0 for H= i

2 12
1 — g°+g )

2 12\2 .
552 [(g +9%) (1 3In=—

12
+ 29" (1 —3|n%> — 48y} (1 —|n}:{ >]

@ Require that VNLO — VNLO(jier) > 0 for My > MEti (or My < ME™)

min

e.g. in the Landau gauge
@ Caveat: i > Mp!

Threshold corrections and vacuum stability Bernd Kniehl
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Critical parameters
(5)(M (5) cXp _ AJEXP
z)— (Mz) M—M "
X X0+AXa Aa§5) eXP(MZ) —|—AXM AMeXp I|:6Xpar+6X‘u :|:5)C[ru
X Xo AXoy | DXy | Xoar | 0XT | X7 | X
M:" 171.44 0.23 0.20 | 0.001 —0.36 0.17 —0.02
IogmuCrl 17.752 | —0.051 | 0.083 | 0.007 | 0.007 | —0.006 | —0.002
M,‘i}" 129.30 | —0.49 1.79 | 0.002 0.72 —0.33 0.04
Iogm,uCrl 18.512 | —0.158 | 0.381 | 0.008 | 0.173 | —0.082 | 0.008
l\/ICrl 171.64 0.23 0.20 | 0.001 —0.36 0.17 —0.02
Iogm,u;Erl 21.442 | —0.059 | 0.094 | 0.005 | —0.083 | 0.022 0.002
MCrl 128.90 | —0.49 1.79 | 0.003 0.73 —0.34 0.04
IogmuCrl 22.209 | —0.181 | 0.436 | 0.007 | 0.092 —0.062 | 0.013
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Importance of higher orders

@ (o) corrections to all &;(1) BK, Pikelner, Veretin, NPB896(2015)19

@ O(asa) and O(af) corrections to 8y, (1) Bednyakov,
PLB741(2015)262; Schréder, Steinhauser, JHEP01(2006)051; Chetyrkin, Kihn,

Sturm, NPB744(2006)121; BK et al., PRL97(2006)042001
@ O(ag) corrections to 84(ut) Marquard et al., PRL114(2015)142002

X Xo+3XE | wio 82 | wio 5Q*%%) | wjo 591%)
Mgt | 171447055 | 17185, 90, | 171437555 | 171.24 530
log1opf™ | 17.752% 0008 | 1778370008 | 17-754 0006 | 1775170007
Mg | 129307045 | 120.06757 | 129.32700% | 120.727 548
l0g1o iy’ | 18.51270 a5 | 18.49570250 | 18.518%0 o0, | 18.6027 0 ooy
M| 171.64 0% | 17174008 | 17163055 | 171.4370%
ogyo " | 21442, 365 | 21485 688 | 214450685 | 21,441,057
Mg | 128.90%07 | 128.6779% | 128.92700 | 129.327 548
log1g fif | 22.20970092 | 22.20110-17° | 222171999 | 2231270105
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|d Selected for a Viewpoint in Physics
PRL 115, 201802 (2015) PHYSICAL REVIEW LETTERS I3 NOVEMBER 2015
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Stability of the Electroweak Vacuum: Gauge Independence and Advanced Precision

A.V. Bednyakov,' B. A. Kniehl,” A. F Pikelner,” and O. L. Veretin®
'Joint Institute for Nuclear Research, 141980 Dubna, Russia
*IL Institut fiir Theoretische Physik, Universitiit Hamburg, Luruper Chaussee 149, 22761 Hamburg, Germany
(Received 30 July 2015; revised manuscript received 24 August 2015; published 9 November 2015)

® From A(u): Me = (171.44+0.307010) GeV
® From Vig(H): Mg = (171.64+0.30 79-17) GeV
@ Combination: M = (171.5440.30 125) GeV

@ Experiment: MM© = (172.38 £0.66) GeV ATLAS & CMS,
arXiv:1512.02244 [hep-ex]
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M; Measurements

ATLAS+CMS Preliminary my,, summary, \s=7-8 TeV TOPLHCWG
------- World Comb. Mar 2014, [7]
statT1JSFObJSF — StathJSFObJISF
total uncertainty = = = {otal uncertainty
. My, * tot. (statdJSFODISF + syst) (s Ref.
ATLAS, I+jets (¥) — o 172.31+ 1.55 (0.75 £ 1.35)  77Tev [1]
ATLAS, dilepton (*) — o — 173.09 + 1.63 (0.64 + 1.50) 77Tev [2]
CMS, I+jets - — 173.49 + 1.06 (0.43 + 0.97) 77ev [3]
CMS, dilepton — . =—i 172.50 + 1.52 (0.43 + 1.46) 77Tev [4]
CMS, all jets — o — 173.49 + 1.41 (0.69 + 1.23) 77Tev [5]
LHC comb. (Sep 2013)  F=tei— 173.29 + 0.95 (0.35 + 0.88) 7Tev [6]
World comb. (Mar 2014) e 173.34 £ 0.76 (0.36 + 0.67) 1.96-7 TV [7]
ATLAS, l+jets - o H 172.33+ 1.27 (0.75+ 1.02) 77ev [g]
ATLAS, dilepton —ie —i 173.79 + 1.41 (0.54 + 1.30) 7 Tev [g]
ATLAS, all jets I-: ° -1175.1+1.8(1.4+1.2) 7 TeV [9]
ATLAS, single top | o ——i 172.2+ 2.1 (0.7 £ 2.0) 8 TeV [10]
ATLAS comb. ({2 290)  H-eid 172.99 +0.91 (0.48 £ 0.78) 77Tev [g
CMS, l+jets o i 172.04 + 0.75 (0.18 + 0.74) 8 7Tev [11]
CMS, dilepton ———i 172.47 + 1.41 (0.17 + 1.40) s7ev [12]
CMS, all jets e 172.08 + 0.89 (0.37 + 0.80) 8 7Tev [11]
CMS comb. (Sep 2014) e 172.38 + 0.65 (0.14 + 0.64) 7+8 Tev [11]
: [1] ATLAS-CONF-2013-046 [7] arXiv:1403.4427
May 2015 e s o S
(*) Superseded by results [4] Eur.Phys.J.C72 (2012) 2202 [10] ATLAS-CONF-2014-055
. [5] Eur.Phys.J.C74 (2014) 2758 [11] CMS PAS TOP-14-015
shown beIOW the llne : [6] ATLAS-CONF-2013-102 [12] CMS PAS TOP-14-010
RN A U T N R AN HN T AN (N T R T Y N N N N

165 170 175 180 185
Mgy [GeV]
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SM stable all the way up to Mp?

combined

126 |

N
\8)
O +
125
E
N M, = 172.38 + 0.66
124 My = 125.09 & 0.24
o, = 0.1181 + 0.0013
170 : 1%1 1%2 1‘73 1%4

A/[h GeV

@ Intriguing conspiracy of SM particle masses ~~
"~ Mp=1.22x10"® GeV

@ 1% stable w.r.t. parametric and higher-order uncertainties due to
asymptotic safety

@ Relationship between Mp and SM parameters?

@ Electroweak scale determined by Planck scale physics?

@ Implicit reduction of fundamental couplings?

Threshold corrections and vacuum stability Bernd Kniehl



A) 2-point functions B) 4-point functions

0r
1
1
a b.1 b.2 c.1 c.2
A
Ap) (1)
L 0.04
010l [
[ _—
i 2x10'® In GeV
0.05
, P
10° 10° 10 10" GeV
—005[
e oGeV] M /
1.20x10% [ 1. 30%10% ] mwwow T e
N _ _2x1076 |-
~4x107 |-
—Bx 1076 ;
-3.0x107% L
Vert (¢) [GeV?] Vert (8) [GeV*]

Quantum gravity corrections stabilize V.g! Abe et al., 1602.03792 [hep-ph]



Cut-off scale A =10'° GeV, i.e. T,y ~ 108 GeV Tru dependence

Mp = 125.09 GeV

0.122
0.121
0.120-
> _ S
3 : 2 0119 3
. 3 : 2 o11as -
s E@w 0.118; s r
M etastability . 0117; - Metastability
Stability 1 0.116- Stability
i E 7||||I||||I||||I||||I||||I||||7
1618.22 123 124 125 126 127 128 0.11 68 170 172 174 176 178 180 16]8.2 123 12 125 126 127 128
Mp [GeV] M; [GeV] My [GeV]
YTmax Toa¥® 1/Try Toat T
1 1
'

Oscillating phase Radiation—dominated phase

Finite- T corrections increase tunneling probability and expand

instable phase!
Delle Rose et al., 1507.06912 [hep-ph]
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Higgs inflaton

@ Higgs field, nonminimally coupled to gravity with strength &, can
be responsible for inflation

@ Successful scenario possible even if EW vacuum is metastable
@ Effective renormalization of SM couplings at scale Mp /¢

@ Symmetry restoration after inflation due to high-T effects
temporarily eliminating vacuum at H ~ Mp

|4
055 8 T =8x10% Gev
- — =8x e\

— 0A=-0015 Dashed oy, = 0.025 Dashed dy, = 0.025 T =7x 108 Gev
Dotted 6y, = ~0.025 6l — TI6x108Gev
— T=5x10"GeV

Al —— T=0

2

10 — oi-=-o001  Dotted &Y, =-0025
— 60 = - 0.005 0.50
5 7
~ == T 10°U
Z 0 B — = 0.45

: i)

—10f m,=1255Gev T my= 1255 GeV
m = 1731 GeV e N m = 1731 Gev 1 vEW o M Y -4
6

10 10% 106 10 10*72 7777777 1 60 0'%%*8 10~ 1074 0.01 1 & 000 005 010 015 020 0.25
K 10%ky

Bezrukov et al., PRD92(2015)083512
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Outlook: pole mass M;

@ PDG value My (t — X)=(173.21 +0.87) GeV is not pole mass
M;, but just parameter in MC programs w/o RC to partonic cross
sections.

@ Rigorous determination of MS mass m;(u) from

Gioi(PP, PP — tt+ X)
@ m;(u)— M; receives large EW RC from tadpole contributions.

15.01 1-loop EW

10.0- i loop BV mixing " |
>
< ' total
s 0.0 - :
T o]
E_ >0 1-+2-loop QCD

100 =—eeeo oo Miloop D i

1-+2-+3-loop QCD
-15.01 | | | | |
120 122 124 126 128 130

My (GeV)
Jegerlehner, Kalmykov, BK, PLB722(2013)123
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combined

126 |

M, = 172.38 + 0.66
My =125.09 £ 0.24
as = 0.1181 =0.0013

1 2-LHC EEE 1,-LC EEE 25-ILC |

124

170 o 1 173 T 14
Mt,GeV

Anticipated errors o M; = 100 MeV, 6 My = 40 MeV Moortgat-Pick et al.,
EPJC75(2015)371
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BSM physics

@ Depending on future precision measurements of My, M;, o and
higher-loop RC calculations, SM may be stable all the way up to
Mp.

@ Reduction of M; ~ M} = 172.38 GeV by 0.84 GeV ~~
Mi' = My = 125.09 GeV

® Cf m;—m;=(—0.6+0.6) GeV, ;= (2.0+0.5) GeV

@ BSM physics still necessary to solve open problems, e.g.

@ smallness of neutrino masses
e sirong CP problem

e dark matter

@ baryon asymmetry of universe
@ unification with gravity

@ Higgs portals?

Threshold corrections and vacuum stability Bernd Kniehl
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