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Motivation
November 2012,

according to CMS,

My = 125.8 £ 0.4(stat) £ 0.5(syst)GeV |

according to ATLAS
My = 126.0(stat) 4 0.5(syst)GeV

My = 125.2(stat) £ 0.5(syst)GeV |

[s there a new scale (physics) between the Fermi and Plank scales?
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Self-consistency of the SM

The condition of stability of the SM vacuum (Bezrukov et al., May 13, 2012)

Mg >129£6 GeV, Bezrukov et al.,
O(aag) matching (Bezrukov et al.)) 3-loop RGE (Chetyrkin-Zoller)

The leading contribution O(Mf),O(MEM%I) and O(Mj%]),
(Degrassi et al., May 29, 2012) with the result
Mg >129.4+1.8 GeV, Degrassiet al.,

Carefull analysis of uncertainties (Alekhin,Djouadi, Moch, July 17, 2012)

Mg >129.4+5.6 GeV, Alekhin et al.,
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How to improve the stability analysis?

e The vacuum stability bound sensitively depends on the input parameters
- the value of top-quark mass M.

e \WWhat mass ot top-quark is implemented in MC?

e [0 extract the value of top-quark from top-pair production, the QCD and
EW parts should be joint together in one scheme, MS or on-shell.

Kiihn, Scharf, Uwer (2007) Langenfeld, Moch, Uwer, (2009)

e Pole mass parametrization leads to artificially large perturbative
corrections.

e MS mass is preferable for precision fits.

e W physics in MS parametrization?
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QCD

Linatter = Z q (iD - mQ) q
flavors ¢

Pole mass is defined as pole of renormalization propagator (pole scheme).
The position of the pole is gauge-invariant and infrared-finite quantity

Tarrach (1981); Kronfled (1998).
Pole mass suffers from renormalon contribution with uncertainty of order of

Agcp ~ 200 MeV Bigi, Shifman, Uraltsev, Vainstein, Beneke, Braun (1994)
The MS mass (running mass) is the renormalized quark mass in the MS-like
scheme. Within dimensional regularization, the running mass is related with
UV-counter-terms.

Appelquist-Carazzone decoupling theorem is valid.

In MS -scheme the decoupling is performed "by hand".
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Electroweak Part of Standard Model: SU(2) x U(1)
Before Spontaneously Symmetry Breaking (SSB)
Lnukawa = YtALPIR + c-C.

where ¢ 1s a scalar field.

After SSB: ¢ = %v + H and

Ytv _ _
Lfermion mass — EQLQR +ytHqrqr + c.c.

Mass of quark is: y X v .
Position of the pole is a gauge invariant and infrared finite quantity
Gambino & Grassi 00

Appelquist-Carazzone decoupling theorem is not valid:
ratio of two different masses is the ratio of coupling constants.
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Renormalization Group Equation for MS masses in SM
The RGE for the MS masses in the broken phase of SM follows from the RG

equations for massive parameter and massless coupling constants in unbroken

phase of SM.

2 d 9,9y _ 4 2 miy (1) 420 m, (%) — miy (1)
P () =ApT s | s Hs 20,2
dp? dp= | g=(p7) | dp= | 9" (1) |
2 2] I 2
3,2 d | mp(p) 2,2 d f(#)
dps | AMp) du | y3(u?)

g, g are the U(1)y and SU(2); gauge couplings. m? and A are the
parameters of the scalar potential

2
_m7 o Ay
v_2¢+24¢

(24 April 2013, Marseille DIS 2013, Mikhail Kalmykov )




RGE for top-quark mass in SM
The full RGE for the MS mass of top-quark can be written as

d CD
MQd— In mt(ﬂz) - %Q
112

d d 1 /1 d
2 2 2 2
L ] N /e
Ut < d;L2y> < du o ) 2 ()\ du,2 ) 7

yt 1s the Yukawa coupling of quark,

m? and \ are the parameters of the scalar potential

2
omT g Ay
V_2¢+24¢
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Behavior of RGE at high energies
For large values of p?:

B (9
lim yt<u2> < 00, lim  m?(p?), lnm?(u?) < oo,
u—Mpgnr | Yt(1?) =M piani

the values of running parameters m?(u?) and y(1?) are bounded.

lim  By(u?) — 0, lim  A(p?) — 0.
=M pjank =M pjank
The behavior of 4 is defined by the Higgs selt-coupling and the sign of its

beta-function 3y:

d
lim ,u2—2 In mg (1) ~ O By <0, A>0

p—Mpiank d:u A
[f vacuum is stable (SM is valid up to Plank scale), then

2
mt(ﬂ )‘
U—00
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Behavior of RGE at low energies

d CD
MQd— In mt(ﬂ ) = %Q
112

d | d 1 /(1 o5 d
2 2 2 2

_ L — In R
( du a2’ ) 2( d m) 2()\ du

The crucial question:

2 d m2
d 1n = constant or not?
s p<Mz 2Myy, M g, My A My

e [f it 1s constant. 1/2
my(p?) = 274G, yi?) |

fermion masses and Yukawa couplings have equivalent RG evolution.

e [t Is non-constant.

mi(ii?) = 274G P )y (i)
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Decoupling at low scale in SM: is 1t exist?

In the weak sector of the SM, there is no decoupling because masses and
couplings are interrelated by the Higgs mechanism.

S0 “decoupling by hand” as usually applied in QQCD does not make sense in
the weak sector.

The low-energy effective theory (obtained after elimination of the heavy
state) is a non-renormalizable one exhibiting a completely wrong high-energy
behavior.

The well-known non-decoupling effects:

Ncg 2
0) = Grne/Gee(0) =1 + &
peft(0) = Gne/Gec(0) oA
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Input

Decoupling does not apply in the EW sector of SM, in particular not to the
top quark mass effects.

For numerical evaluation we adopt the following values for the input
parameters:

My = 91.1876(21) GeV, My = 80.385(15) GéV,
My = 173.5(1.0) GeV, Gp = 1.16637 x 107° GeV 2,
ol =137.035999, o H(M%)=127.944,

oV (M2) = 0.1184(7) — olP(M2) = 0.1079(6)

Light quark masses My (f # t) give negligible effects and do not play any
role in our consideration.
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m¢ — Mt: QCD part

The QQCD relation between the running and pole masses is

1ol o)\
{mt(ME)—Mt}QCD = M| — = 925 [ =~
_ 3
6) 272y \ ]
_ 80405 [ @M
-

Gray et al.; (1990), Melnikov & Ritbergen; Chetyrkin & Steinhauser (2000).

my(M?) — M, — —7.95 GeV — 1.87 GeV — 0.57 GeV = —10.38 GeV .
! QCD

A numerical estimation of the O(a?) term is

A. Kataev & V. Kim (2010) ~ —0.02 GeV.
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m¢y — My; EW contribution

o O()
Fleischer,Jegerlehner (1981); Bohm et al.,(1986);
Hempfling & Kniehl (1995);

e O(aag) Jegerlehner, Kalmykov (2003)
Numerical agreement with semi-numerical result of
Eiras, Steinhauser (2000)

e O(a?) The result is not available.
In the approximation of vanishing electroweak gauge coupling

Faisst et al., 2004; Martin, (2005).
Different p-dependence. In both papers, the result is of order O(1) GeV.

e O(0?),0(a’as), O(ae?) — Results are not available.
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m¢ — My: O(a?) contribution: our estimation
At one-loop level, the largest contribution is coming from tadpole:

{mt(MQ)}O(a)N {mt(/ﬂ)}O(@) Ba(u?) My
M

2 2
My tadpole o MWMH
At 2-loop order O(a?):
{mt(uz)}N {mt(uz)} ) mi ) |l [5 2_15% ]
2 o W,a e’
M M tadpole \ MW : 4
tadpole

where
miy (10°)

= 1+0p o +0py7 42+ * - Jegerlehner, Kalmykov, Veretin(2001-2002)

M, ’ !

Our estimation is O(a?) ~ O(1) GeV
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My [GeV]|O(a) [GeV] | O(aas) [GeV] [mi(M{)— Myl gar [GeV]
124 12.11 —0.39 1.34
125 11.91 —0.39 1.14
126 11.71 —0.38 0.94
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Conclusion
We have analysed the low/high scale behavior of MS mass of (top)-quark
my¢(p?) defined via its propagator in the broken phase of SM.
For the large value of 12,

By (1)
~ (MQ) )‘(Mz) — ().

For the low value of ,u2 ~ M. there is no decoupling or "decoupling by
hand".

mt(ﬂ2> ‘

J1—00

Result: the almost perfect cancellation between the QQCD and EW effects for
the Higgs boson mass Mz ~ 125 — 126 GeV.

M —my(myg) ~ 1 GeV £+ O(1) GeV
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