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Motivation

Fundamental parameters of nature (the SM)
Xs: gauge coupling unification

heavy quark masses: Higgs decay BRs

mb: Yukawa coupling unification

M vacuum stability



Qutline

Top Quark Mass

+ Tevatron/LHC combination

* very recent developments

* indirect (electroweak) constraints
Charm and Bottom Quark Masses
* recent results

- not covered: mp/mc

Strong Coupling Constant

* recent results

+ Z and tau decays

Conclusions



Top quark mass



Tevatron+LHC m,, combination - March 2014, L =3.5 fo'-8.7 b

ATLAS + CDF + CMS + DO Preliminary

CDF Runll, I+jets M- 172.85 + 1.12(0.52 + 0.49 = 0.86)

L. =87fb"

CDF Runll, di-lepton
L. =56fb"

CDF Runll, all jets
L =58fb" .

CDF Runll, ET"*+jets
L, =87fb"

DO Runll, l+jets
L. =36fb"

DO Runll, di-lepton
L. =53fb"

ATLAS 2011, |+jets
L, =47 b

ATLAS 2011, di-lepton N — 173.09 + 1.63 (0.64 + 1.50)
L, =47 fo . - . o

CMS 2011, I+jets 173.49 = 1.06 (0.27 + 0.33 + 0.97)

L,=49fb"

CMS 2011, di-lepton 172.50 + 1.52 (0.43 + 1.46)

L,=4.9fb"

CMS 2011, all jets 173.49 = 1.41(0.69 + 1.23)

L, =35fb"

—_— — 170.28 = 3.69 (1.95 + 3.13)
- ———f = 172.47 = 2.01(1.43 +0.95+ 1.04)

b —— 173.93 + 1.85 (1.26 = 1.05 = 0.86)

it @it 1 74.94 + 1.50 (0.83 = 0.47 = 1.16)

—— et | /4.00 = 2.79 (2.36 + 0.55 + 1.38)

e MO 172.31+ 1.55(0.23 +0.72 + 1.35)

World comb. 2014 *, /9 =4.8/10 173.34 =+ 0.76 (0.27 = 0.24 + 0.67)

%2 prob.=93%

> Tevatron March 2013 (Run I+II) 173.20 = 0.87 (0.51+ 0.36 = 0.61)

Previous

LHC September 2013 173.29 = 0.95 (0.23+ 0.26 = 0.88)
tote}l (stat. syst.)

165 180

ATLAS, CDF, CMS, DO 1403.4427




m. combination uncertainty
+ 0.27stat
+ 0.33)es

+ 0.25pes strongly correlated
+ 0.54¢heory & model  Strongly correlated: MC, Rad, CR, PDF

+ 0.20ther

=1 0.76exp

+ 0.50cp fully correlated: taken as O(ts%)-term in conversion
formula from mpole to MS-bar mass m(m) (renormalon
uncertainty)

and assuming mMS = mPoe = m(m) + 9.65 + 0.50 GeV

alternative: m"c = m"R(3*6_3 GeV) = m(m) + 9.6"%°_3 GeV
A.H. Hoang, I.W. Stewart 0808.0222



Tevatron+LHC m,_ indiv. comb. - March 2014, L =3.5fb"-8.7 fo”

ATLAS + CDF + CMS + DO Preliminary
l+jets — ] 173.29 + 0.80 (0.23+ 0.24+ 0.72)

di-lepton 172.74 = 1.15(0.43 £ 0.06 = 1.07)

all jets 173.17 = 1.20 (0.65 = 0.30 = 0.96)

ET"+jets 173.93 = 1.85(1.26 = 1.05 = 0.86)

173.19 £ 1.00 (0.52 + 0.44 + 0.73)

e e—— ey | /4 .85 + 1.48 (0.78 + 0.48 = 1.16)

] m— 172.65 = 1.44 (0.31+0.41+ 1.34)
173.58 + 1.03 (0.29 + 0.28 + 0.95)

173.58 + 0.94 (0.44 = 0.36 = 0.74)

173.28 = 0.94 (0.22 = 0.26 = 0.88)

Individual Combinations

' Tevatron March 2013 (Run I+1) 173.20 = 0.87 (0.51+ 0.36 = 0.61)

Previous
Comb

LHC September 2013 173.29 + 0.95(0.23 = 0.26 = 0.88)
| . total | (stat. syst.)

170 178 180
Mg [GeV]

ATLAS, CDF, CMS, DO 1403.4427




After m: combination

e DO [+jet:m¢= 174.98 £ 0.58¢a¢ + jsF * 0.495ysc GeV 1405.1756
most precise single measurement (matches world average)

o Tevatron average:m¢.= 174.34 £ 0.37 £ 0.52 GeV 1407.2682

o ATLAS all jetsim¢= 175.1 £ 1.4+ 1.2 GeV 1409.0832

o CMS I+jets (8 TeV):m¢= 172.04 £ 0.19¢ac + jsF £ 0.755ysc GeV
CMS average:m¢= 172.22 + 0.73 GeV cms-pAs-TOP-14-001
more precise than previous world average

o CMS all jets:m¢= 172.08 £ 0.365tac + jsF £ 0.835ysc GeV

CMS-PAS-TOP-14-002

e 2./ 0 (or more including correlations)
between DO and CMS |+jets results

e 2.2 O between Tevatron & CMS averages
(not even including all jets channel)



M¢ prospects

e m; from inclusive tt X-section
*xme= 172.9 £ 2.6 GeV ATLAS
* but 1.7 O tension between 7 and 8 TeV results

* can extract m¢(m¢) = 162.312.3 directly
S. Alekhin, J. Bliimlein, S. Moch 1310.3059

* improvement to x| GeV conceivable cms pas FTR-13-017

o differential distribution of tt+1-jet X-section
S. Alioli, P. Fernandez, J. Fuster, A. Irles, S. Moch 1303.6415

* potential to reach 1 GeV precision

o LHC projections cms pAs FTR-13-017
+13TeV, 30fb~":Am¢==%0.15%0.60 GeV = + 0.62 GeV
* 14TeV, 300 fb™": Am¢ =% 0.05 £ 0.44 GeV = = 0.44 GeV

* 14TeV,3000 fb~': Am¢ = £ 0.01 £ 0.20 GeV = + 0.20 GeV
* the conversion error may also improve with more data



FZ, o

had’ R, Rq (10)
Z pole asymmetries (10)
M,, (10)

..... — direct m, (10)

— ——— direct M,
precision data (90%)

175 185

JE, Freitas PDG 2014
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e global fit excluding m¢

I,,o_,R,R (10)

from hadron colliders: 2 e

M,, (10)

..... — direct m, (10)

mt — I77.0 i 2-' Gev — Sirree:i:[si'\c:lir:data(90°/o)

(1.5 O high reflecting
Mw measurement)

® ﬁts Were done before 150 155 160 165 170 75 >180 185
Tevatron/LHC average e

m;=173.34 £ 0.76 GeV

used our own average six months earlier (not identical data sets)

me= 173.24 £ 0.81 GeV

JE, Freitas PDG 2014
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Charm & Bottom Quark

Masses




mb [MeV] approach observables group arXiv
4196 + 23| lattice (nf=4) | [(Y,Y — e*e’)
4174 + 24| lattice (nf = 4) PS current
4201 £ 43| N3LO PQCD My

4169 + 9| I5th moment SR Y (1S-65)
4247 + 34 Borel SR f, fBs
4166 + 43| lattice + PQCD My, Mgs
4235 = 55| |0th moment SR|  Y(1S-4S),R
4171 £+ 9| optimized SR Y(1S-4S),R
4177 £ 11| exponential SR Y (1S-6S)
4180%°%-40| lattice + PQCD | static potential
4163 = 16| 2nd moment SR Y(1S-4S),R




mc [MeV] approach observables group ar Xiv
1275.8 £ 5.8 lattice (nf = 4) PS current
1348 + 46 | lattice (2+1+1) Mp, Mbs
1274 + 36 | lattice (nf = 2) fo, fos
1240*>%_30 | PDF + HT fit DIS
1260 + 65 NLO fit cc X-section
1262 + |7 | exponential SR| |/, P(2S-65)
1260 + 36 | lattice (2+1) fo, fos
1278 + 9 | optimized SR /W, ', R
1282 + 24 |Ist moment SR| |/, P’,R
1280%7%_¢ |lattice + PQCD)| static potential
1279 £ 13 |Ist moment SR| /P, P’,R




Strong Coupling Constant




os(M2) approach observables

0.11856(53) | lattice (nf = 4) PS current
0.1166(10) lattice (2+1) static potential
0.1165(39) NLO fit jet X-sections
0.1192(27) global fit electroweak
0.1196(11) | lattice (2+1+1) | ghost-gluon vertex
0.1132(1'1) | PDF+ HT fit DIS
0.1151(28) NNPDF fit tt X-section
0.1174(14) RGOPT fr
0.1184(20) BRGSPT T decays
0.1131(25) NNLO fit e*e” thrust
0.1140(15) SCET e*e” thrust
0.1191(22) FOPT T decays
0.1201(30) NNLO fit e*e” event shapes




s from global electroweak fit

determined by I z, Ghaq, R), but other measurements, SM
parameters, and new physics enter

experimental correlations: small, known, included

parametric uncertainties: non-Gaussian (sin’0w), treated
exactly in fits

theory errors (PQCD) 100% correlated: Axs = £ 9% 107>
(dominated by O(s*) axial-vector singlet piece)

Ohad deviates from SM (1.7 0) dragging down average

allowing special new physics corrections to Zbb-vertex:
Xs=0.1167 £ 0.0038
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s
®4-loop PQCD coefficient

Baikov, Chetyrkin, Kithn 2008

@ FOPT vs. CIPT controversy

Le Diberder, Pich 1992;
Beneke, Jamin 2008

® CIPT: expansion coefficients
identical to those in
Adler-function

efits to condensate terms
Davier et al. 2008; Boito et al. 2012

@[ ud"*° = GF2 m+’ |Vud|?/ 64713 S(m+, M2) (I + 3/5 m+?/Mw?)
(Il +a+5.202a%+26.372°+ 127.1 a* = 1.393 /1T + 0g)
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T lifetime average

T[Be] =h B.expt / retheo
B.Pt: 0,1783 + 0.0004 = T[B.o>P] = 291.15 + 0.65 fs

Byt 0.1741 £ 0.0004 = T[B,**F*] = 291.85 £ 0.6/ fs

Bey®® (Pep=0.13) = T[Beu®] = 291.49 + 0.50 fs

Tdirect™P* = 290.3 £ 0.5 fs (PDG incl. new Belle result)

TPt = T[Beu®P, Tairece™P] = 290.90 + 0.35 fs =

R=Tuw/le=3.479 £ 0.007 = 0ocp=0.1977 ¥ 0.0025 =

s [Tr] = 0.1195%0:0922_4 5050 (september 2014 using FOPT)

19



: new precise CMS ( ) & DO results in I+jets channel

good agreement with respective previous results

but > 2.7 O conflict between them

all (except for one) results consistent with

ms(mp) = 4175 £ 20 MeV (PDG: 4180 = 30 MeV)

all (except for one) results consistent with

mc(me) = 1276 £ 6 MeV (PDG: 1275 £ 25 MeV)
wide scatter of Xs(Mz) but most values consistent with

Xs(Mz) = 0.1174 £ 0.0006 (PDG:0.1185 + 0.0006)
(dragged down by PDF fits and thrust)
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charm mass

me(mc)

Update of heavy quark masses

A3

exp
)‘3

AVY

Ares

Ath

Aag(My)

final

old o?

new «o
new «

1.297
1.278
1.277

1.71
1.45
1.24

0.5
1.21(13)
1.24(13)

12
2
1

14
3
5

18
15
6

(
1
1
1

29
2
3

1.297(39)
1.278(16)
1.277(9)

@C) — 1.277(9@ me(me) = 1.279(13)GeV  [Kiihn et al 2009]

P rel i m i n a, ry JE, P. Masjuan, H. Spiesberger

bottom mass

mpy(mb)

A3

exp
)‘3

AT

Ares

Ath

Acond

final

old o?

new «
new «o

4.207
4.198
4.195

1.91
1.85
1.82

0.5
1.2(1)
1.2(1)

12
5
5

4
3
3

23
21
D

2
0
0

4.207(26)
4.198(22)
4.195(8)

mp (mb) = 4. 195(8)G6V mp(myp) = 4.163(16)GeV  [Kiihn et al 2009]
P rel i m i N ary JE, P. Masjuan, H. Spiesberger




