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Electroweak Fit — Experimental inputs

X

Latest experimental inputs:
Z-pole observables: from LEP / SLC

[ADLO+SLD, Phys. Rept. 427, 257 (2006)]

M, and ', from LEP/Tevatron

[arXiv:1204.0042, arXiv:1302.3415]

m,,, latest avg from Tevatron
[arXiv:1305.3929]

m., m, world averages (PDG)
[PDG, J. Phys. G33,1 (2006)]

Aay.4°)(M?) including a5 dependency
[Davier et al., EPJC 71, 1515 (2011)]

M., from LHC

[arXiv:1207.7214, arXiv:1207.7235]

[ (+2) free fit parameters:

* My, Mz, O‘s(l\/lzz), Aahad(S)(Mzz),

mt’ mc’ mb
2 theory nuisance parameters
- 0M, (4 MeV), 8sin?0 ' (4.7x10°)

My [GeV]° 125.7+04 I LHC
My [GeV] 80.385 + 0.015

Ty [GeV] 2.085 + 0.042 || Tevatron
My [GeV] 91.1875 + 0.0021

Tz [GeV] 2.4952 + 0.0023

o0 | [nb] 41.540 £ 0.037 | LEP

RY 20.767 4+ 0.025

A% 0.0171 + 0.0010

Ap ) 0.1499 +0.0018 || sLc
sin¥’e (Qrp) 0.2324 + 0.0012

A, 0.670 & 0.027

Ay 0.923+0.020 |StC
Aps 0.0707 + 0.0035

A% 0.0992 +0.0016 | LEP

RY 0.1721 £ 0.0030

R} 0.21629 =+ 0.00066 ‘

M. [GeV] 1.27 554

M [GeV] 4207507

mq [GeV] 173.20+0.87 | Tevatron

(2756 + 10)x 105

Max Baak (CERN)
RoySoc, Jan 2014

The ElectroWeak fit of Standard Model



Electroweak Fit — SM Fit Results @)

= with M,, measurement

= wio M, Tﬁaﬁf‘,"l‘?f‘[‘fl’?}”l” = Pull values of full fit (with M)
M, | = [¥tterl )| 0.0 * No individual value exceeds 30
. e « Small pulls for M, M, Aa,.(&(M,2),
. 0.0 m,, m, indicate that input accuracies
r, 0.0 exceed fit requirements
Ohad -1.6 « Largest deviation in b-sector:
I:{?ep : -1.1 AO’bFB Wlth 250
Al - |-0.8
A (LEP) | 0.2 . .
A (SLD) |20 = Most affected when including M,;:
Sin“Og “ZOZ g; - Shift in predicted M,y value of 13 MeV.
Al v |00 = Goodness of fit — p-value:
Al i ¢ H: i 1|06 :
Rl oo « From pseudo experiments: 18*2 %
R  B= |2 . X qin= 18.1 2> Prob(x qins 14) = 20%
mel |00 Large value of 2., not due to
m, | i ]o0.0 inclusion of M, measurement.
: : : = : : :
O o nz'; 4 - Without M,, measurement:
had z IIiIIIIiIIIIiIIII]Illlillllillllill - X2m|n=16-7epr0b(x2mln, 13)=21%
-3 -2 -1 0] 1 2 3
(Oﬁt - Omeas) / Omeas
Plot inspired by Eberhardt et al. [arXiv:1209.1101]
Max Baak (CERN) The ElectroWeak fit of Standard Model 9

RoySoc, Jan 2014



Electroweak Fit — SM Fit Results

Results drawn as pull values:
— deviations to the

indirect determinations,
divided by total error.

Total error:
error of direct measurement plus
error from indirect determination.

Black: direct measurement (data)
Orange: full fit result

Light-blue: fit excluding
input from the row

The prediction (light blue) is often
more precise than the
measurement!
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Max Baak (CERN)
RoySoc, Jan 2014

The ElectroWeak fit of Standard Model
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State of the SM: W versus top mass @)

= Scan of My, vs m,, with the direct measurements excluded from the fit.

= Results from Higgs measurement significantly reduces allowed indirect
parameter space — corners the SM!

; 80-5 I I I I I I I I I I I I I I I I I I I I I I ’,P I I I I I
Q - 68% and 95% CL fit contours . | m{" Tevatron average =1 —
S, B w/o M,, and m, measurements : g 7
= 80.45 —  68% and 95% CL fit contours 7
= - _
| w/o M, m and M, measurements _
- M,, world average =+ 1o
80.4 ——
80.35 — —
80.3 — ]
80.25 - & .
. N\ e’ X . o |
- R fitter|swz -
_/I | | | | | | | ’1’ | | | AI’II I | | | I | | | | I | | | |
140 150 160 170 180 190 200
m, [GeV]

= QObserved agreement demonstrates impressive consistency of the SM!

Max Baak (CERN) The ElectroWeak fit of Standard Model 16
RoySoc, Jan 2014



State of the SM: W mass versus sin20' @)

= Scan of My, vs sin?0'_, with direct measurements excluded from the fit.

* Again, significant reduction allowed indirect parameter space from
Higgs mass measurement.

;‘ 80-5 I I I I I I I I I I I [ I [ I I I I I I I I I ]
8 — Bl 68% and 95% CL fit contours j sin(0.,) LEP+SLC = 1o .
S, 80.48 w/o M, and sin?(6. ) measurements ]
= — : ]
= 80.46 — 68% and 95% CL fit contours , ]
— s 20| ; 7]

80.44 w/o M, sin“(_.) and MH measurem?nts s
80.42 —
80.4 [ -
80.36 :_ M,, world average = 1o _:
80.34 — —
80.32 —

O 3 _ 1 1 1 l 1 1 1 l 1 1 1 | I | 1 1 1 l 1 1 1 l 1 :

80.
0.2308 0.231 0.2312 0.2314 0.2316 0.2318 0.232
sin’(6.,)

= M,, and sin?B'sr have become the sensitive probes of new physics!

= Reason: both are ‘tree-level’ SM predictions.

Max Baak (CERN) The ElectroWeak fit of Standard Model
RoySoc, Jan 2014



Muon magnetic moment

L L L L L L LA
HMNT 07 (e*e -based)
—-285+ 51 —e—
. . JN 09 (e'e")
® Not included in above fits ~299:+65 —e—
Davier et al. 09/1 (t-based)
—-157+£52 F—aA—
Davier et al. 09/1 (e*e")
9 o -312+51 —e—
a. — 9u - 1 Davier et al. 09/2 (e*e” w/ BABAR)
/J/ 2 27T ¢ —255+49
HLMNT 10 (e*e” w/ BABAR)
—259+48 —e—
DHMZ 10 (T newest)
exp —-195+54 F—A—
a, = 0.00116592089(54)(33) DHMZ 10 (¢'¢” newest)
—287 149 —e— i
SM __ ) |
;™M = 0.00116591802(49) BNLE821 (world average) H
.I....I....I....I....I....I....I....i....
Aa?d — (691.6 + 6.9) x 1010 700 -600 -500 -400 -300 -200 -100 O
W
q — o x 107"
u u

at® —ax™ = (28.7+8.0) x 1071 (3.6 0)




QCD Coupling



o (Q)

03¢t

0.2

0.1}

Bethke, Dissertori, Salam, RPP 2013

QCD Coupling

| T -
tT-decays r:Lo—l
Lattice Q
DIS —O— |
ete” annihilation +—O
Z. pole fits l—:LO—|
A I I I T
0.11 0.12 0.13

o5 (Mz)

Sept. 2013

v T decays (N°LO)

Lattice QCD (NNLO)

a DIS jets (NLO)

0 Heavy Quarkonia (NLO)

o e'e jets & shapes (res. NNLO)
® 7 pole fit (N3LO)

v pp—> jets (NLO)

— QCD 04(M,) = 0.1185 + 0.0006

10 Q [GeV] 100 1000

N¢ =

=3

N¢

N¢ =0,2

FAG2013 ILattilce as(Mz) |

our estimate

PDG non-lattice average

ETM 13D
ETM 12C
ETM 11D

Bazavov 12
HPQCD 10
HPQCD 10
PACS-CS 09A
Maltman 08
HPQCD 08B
HPQCD 08A

H

SRIMPALT

>—[|]—1 HPQCD 05A

QCDSF/UKQCD 05

{1
- {1 - - Boucaud 01B
— SESAM 99
l Wingate 95
—{ Davies 94
[} — Aoki 94
{ l El-Khadra 92

1
L

0.100 0.105 0.110 0.115 0.120 0.125
FLAG WG: Aoki et al., 1310.8555

‘0s(Mz)=0.1185(5) [lattice]

s(Mz)=0.1183(12) [non-lattice]
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Lattice QCD Coupling

FLAG WG: Aoki et al., 1310.8555

Collaboration Ref. Ny S axs(Mz) Method Table
ETM 13D [544]  2+14+1 A B 0.1196(4)(8)(16)  gluon-ghost vertex 37
ETM 12C [545]  24+1+1 A ® 0.1200(14) gluon-ghost vertex 37
ETM 11D [546] 2+1+1 A m 0.1198(9)(5)(F%)  gluon-ghost vertex 37
Bazavov 12 [503] 241 A 0.1156(35 Q-Q potential 33
HPQCD 10 (73] 241 A 0.1183(7) current two points 36
HPQCD 10 (73]  2+1 A 0.1184(6) Wilson loops 35
PACS-CS 09A [486] 2+1 A 0.118(3)* Schrédinger functional 32
Maltman 08 [517]  2+1 A 0.1192(11) Wilson loops 35
HPQCD 08B [85] 241 A = = ® (.1174(12) current two points 36
HPQCD 08A [514]  2+1 A 0.1183(8) Wilson loops 35
HPQCD 05A [513]  2+1 A 0.1170(12) Wilson loops 35
QCDSF/UKQCD 05[518] 0,2 —3 A 0 0.112(1)(2) Wilson loops 35
Boucaud 01B [539] 2—3 A ® 0.113(3)(4) gluon-ghost vertex 37
SESAM 99 [519] 0,2—3 A m ® (0.1118(17) Wilson loops 35
Wingate 95 [520] 0,2—3 A m ® (0.107(5) Wilson loops 35
Davies 94 [521] 0,2—3 A = (0.115(2) Wilson loops 35
Aoki 94 [522] 2—3 A B ® (0.108(5)(4) Wilson loops 35
El-Khadra 92 [523] 0—3 A 0.106(4) Wilson loops 35

12



Quark Masses

13



Lattice light quark masses

S
s ¥ :
SE L FLAG WG: Aoki et al., 1310.8555
)%@) Q,SI Q’f? o »GO
s &S

c‘§ g 5 AS/ &@ Qéo

S
Collaboration Ref, § § & & & & My mq My, /M
PACS-CS 12* [76] A C I a 2.57(26)(7) 3.68(29)(10) 0.698(51)
Laiho 11 (77 C — 1.90(8)(21)(10)  4.73(9)(27)(24)  0.401(13)(45)
HPQCD 10* (73] A — 2.01(14) 4.77(15)
BMW 10A, 10Bt  [22,23] A b 2.15(03)(10) 4.79(07)(12) 0.448(06)(29)
Blum 10 32] A o — 2.24(10)(34) 4.65(15)(32) 0.4818(96)(860)
MILC 09A 37] C — 1.96(0)(6)(10)(12) 4.53(1)(8)(23)(12) 0.432(1)(9)(0)(39)
iﬁig 83 —— [15] A - 1L9O)MM)  4.6(0)(2)(2)(1)  0.42(0)(1)(0)(4)
MILC/UKQCD 04 (36, 82] A B — 1.7(0)(1)(2)(2) 3.9(0)(1)(4)(2) 0.43(0)(1)(0)(8)
RM123 13 [45] A ¢ 2.40(15)(17) 4.80 (15)(17) 0.50(2)(3)
RM123 119 [104] A ¢ 2.43(11)(23) 4.78(11)(23) 0.51(2)(4)
Diirr 11* 61] A — — 2.18(6)(11) 4.87(14)(16)
RBC 07 34 A m = — 3.02(27)(19) 5.49(20)(34) 0.550(31)

14



d mass (MeV)

Light quark masses

/

\ o

ol

2> 3
u mass (MeV)

4

15

Manohar, Sachrajda, RPP 2012

MS masses at 2 GeV:

"Mu=2.15+0.15 MeV )
mq=4.70 + 0.20 MeV

_ Ms=935+25MeV




Running quark mass

® Couplings and masses (parameters in Lagrangian) must
be renormalised, hence scale (and scheme) dependent

dovg
;LL2 d,u2 — 5(()58)@8 — —043(50 + fras + .. )
dm dm dog (o)
o Mg _ q _
K d,u2 — v(as)mq O‘S(’VO T V105 T .. ')mq > m, o, ﬁ(as)
>
&)
£
r 2
(1) = o) | ) fosto) = )] + .}
. y




Charm quark mass

7

% %//M?/ﬂ(

7

I

Z.

%/////}/'

Bodenstein et. al 10
finite energy sum rule, NNNLO

HPQCD 10
lattice + pQCD

HPQCD + Karlsruhe 08

lattice + pQCD

Kuehn, Steinhauser, Sturm 07
low-moment sum rules, NNNLO

Buchmueller, Flaecher 05
B decays a [30

Hoang, Manohar 05
B decays a 2B

Hoang Jamm 04

moments

deDivitiis et al. 03

lattice quenched

Rolf, Sint 02
lattide (ALPHA) quenched

Becirevic, Lubicz, Martinelli 02
lattice quenched

Kuehn, Steinhauser 01

low-moment sum rules, NNLO

QWG 2004
PDG 2010

08

09

o

12 13

m_(3 GeV) (GeV)

mc(3 GeV) = 0.986(6) GeV
- Mc(mc) = 1.268(9) GeV
= m¢(Mn) = 0.612(5) GeV

Kuhn, 2013



Bottom quark mass

wpocpbto | Kohn, 2013

Karlsruhe 09

low-moment sum rules, NNNLO, new Babar

Kuehn, Steinhauser, Sturm 07
low-moment sum rules, NNNLO

Pineda, Signer 06
Y sum rulesTNNLL (not complete)

Della Morte et al. 06

§
\§ R Bychmuclisr. acche 05
A
\

decays o2

= | Mc Neile, Mlchael Thompson 04
' lattice (UKQC

= , deDivitiis et al 03

lattice quenched

| = . Penin, Stemhauser 02
! ' Y(IS))N
- : Pineda 01
' Y(IS), NNLO

= . Kuehn, Steinhauser 01
' low- moment sum rules, NNLO

Hoan
Y su rules NNLO

::§ . , QWG 2004

i , PDG 2010

41 42 43 44 45 46 a7
m, (m,) (GeV)

m(10 GeV) = 3.617(25) GeV
—» mp(my) = 4.164(30) GeV
= mp(M) = 2.768(21) GeV

18



R (s)

mp, from QCD sum rules

08— Chetyrkin et al., PRD80(2009)074010
o | O CLEO (1985)/1.28 |
71 W BABAR (2009) ; 5 |
* o
%“ S OO @
...+ a2 (~700 diagrams)
““““““““ 111 112 113
Ly 1 (962Cn(as, 1)\ "
<4m§(u)) Cnlas, ) == molpe) = 3 ( AM, )

n| my(10GeV) | exp | ag | u | total | my(myp)

1 3597 14 |7 | 2 16 4151

ol 3610 |10 12 3] 16 | 4163 ‘mb(IO GeV) = 3.610(16) GeV‘
3 3619 8 |14 ] 6 18 4172

4 3631 6 | 1520 | 26 4183

19



Pole quark mass

(

D(Zj) _ 1 GG o 1
P —mq — X(P) G@ r J@m
R 3 . 2

ﬂpole — My -+ Z(p’) — My —+ 2(1)(mq) 4+ ... n=0
cp ~2"nl ~ (2n/e)"
16my
> (mg) = TN epa™t! _ Boas(mg) 1
ma) 300 nEZ:() YT T log(m2/A?)

Asymptotic expansion: sum to smallest term (n~L/2)
Ambiguity ~ smallest term (cha™ '~ e2~ A/m)

Mpole = Mq(mg) {1+ 0.4244 as(my) + 0.835 a2 (my) + 2.375 a2 (my)| + O(A)

/

Renormalon ambiguity
(There is no pole!)

20



Top quark mass

173.20 + 0.51 4 0.71* CDF,DO (I+11)<8.7
173.29 4 0.23 4+ 0.92* ATLAS, CMS <4.9

3]  publ. or prelim. res.

“ry; " . RPP 2013
Direct” (=pole mass?!) measurements:
my (GeV/c?) Source [ £dt Ref. Channel

174.94+1.144+0.96 DO RunlIl 3.6 [102] ¢+jets
172.85+0.7140.85 CDF Run Il 8.7  [101] (+jets
173.93+£1.64+0.87 CDF RunII 8.7 [116] Missing Ep+jets
1725+£14+ 1.5 CDF Run IT 5.8 [122] All jets
172.31 +£0.75+ 1.35 ATLAS 4.7 [99] {+jets
173.09+ 0.64 + 1.50 ATLAS 47 [108] ¢
1749+ 2.1 £ 3.8 ATLAS 2.04 [115] All jets
173.49 + 0.43+0.98 CMS 5.0 [100] (+jets
1725404415  CMS 50 [109] ¢4
173.49 +0.69 £ 1.21 CMS 354 [114] All jets

[

|

121] publ. or prelim. res.

m¢(pole) = 173.07+£0.52(stat)£0.72(sys) GeV
- m¢(me) = 163.41£0.9 GeV

m¢(m¢) = 160*24 GeV from cross section

21



Top quark mass

Mangano, Kyoto, 2012

"Hadronization effects “pollute” the)
determination of mtop from the

reconstruction of any kinematical
| property of top decay products.

Hadronization effects are in principle sensitive to the environment in which

the top is produced. E.g.

- gg vs qqbar initial state

- pt or rapidity

- additional ISR or FSR

Monitoring this dependence and verifying MC predictions will constrian the

modeling of non-perturbative effects -

22



Top pole mass M, in GeV

Vacuum metastability

Buttazzo et al., 1307.3536

180

178

176

174

T

172

170

168

120

Higgs pole mass M), in GeV

Nothing to worry about!

23

101000 ey . 2 L L
[ ViR
I :Z | VAR 1o bands in |
L] " ORA M;,=125.7+0.3 GeV
| | \ v
10800 - | : | AC (gray dashed)
. | B TR a3=0.1184+0.0007
i SN A TR (red dotted) B
’ T T i Lo
",11(())13 > 1060 |- ‘
R=
Q
£ -
T
o2 400 |
=5 10
102()Ok
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lllllllllla e ee—
128 130 132 171 172 173 174 175 176
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Implications for

Riggs Decays



LHC Higgs Cross Section Working Group

I8 T R
[= 5 T T 1 2 X
1Y Eammmary XGIE 0 R KD

IT Pubwrsary 318

ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE
CERN BUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

Hanidbook of LHC Higps cross sections:
1. Inclusive observables

Hoepoari ool ibee 1LHA Migps U rss Secibon Werbdng Giraup

ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE
EE RH ELROIPEAN ORGANIZATHON FOR MUCLEAR RESEARCH

Handbook of LHC Higes cress sections:
2, Differential Distributions

Brgeaert of the LINC Higes Croems Section Working Group

ORGANSATION EUROPEENMNE POUR LA RECHERCHE NUCLEAIRE
CERMN surorean ORGAMNIZATION FOR WUCLEAR RESEARCH

Handbook of LHC Higes cross sections:
A, Higes Propertics

Hepori of the LI Hliges o Section Work ing (Groap

5. Dittmaicr " E A
. Muricdni s !‘-. LTS Eclitiars: 8. Heinenever
i . Manisn !
. Pesanno O €7, MAarimin
K. Tanaks e i, Passaring
B Tamaks - Tl
ERINA
NI GENENA

=
xn:
e Wi

arXiv:1101.0593, 1201.3084, 1307.1347
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56.1%

6.2%

0.02%

2.8%

8.5%

0.23%

0.16%

23.1%

2.9%

Higgs decays

Channel Mg [GeV] TI'[MeV]
122 2.30 ;3:253 -3.2% —0.0% —0.0%
H = bb 126 236 3hk TRSR R0 oo
130 242 Saw oow Toom Toon
122 2511070 I90R OOn 0ok To%% tE
Hooheo 126 250007 T ook Took Tk o
130 267107 1007 “ooy oow Toaw
122 871107 00 Yoo Toow To1x siox
Howh 126 899107 pok TRk ook T o
130 927107 {05% 00w ‘oon ‘oox ‘zon
122 1161071 7o Tonn Teod ot Liow
e 126 1191071 SRR Toun Toie Toin Tiow
130 122107 7on Toh% ‘eow ‘oin zon
122 3251070 R TONS TO0G doan oow
s 126 3571070 R 0% 1004 toan oo
130 3911071 T 0% T00h voan oo
122 8371070 T00g T0r Toow Toon io%
S 126 9.59107° *00% Y05 0ok Toon i
130 110107 *0op *0oq 0on oow iow
122 4741070 Tolg Toun Toon Toan sox
o= 2y 126 6841077 *OUR TO0E ToNE Tovn Tion
130 955107° T00n Toon Toow ‘oon son
122 625107 Toon Toow Toow toox os%
H—WWwW 126 973107" Y008 Y005 100G oon Tonw
130 149 0% toew 00w Toom Toik
122 730107% o 004 Toow oom osn
oz 126 1220071 *OUR TO0E T00h Toon onw
130 195100 005 00w Toow ‘oon tosx

Teor(126)= 4.21 MeV

20

HXSWG v.3, 1307.1347

Theoretical uncertainty:
from scale variation and

missing higher orders
(not uncertainty in mp)

Parametric uncertainties

from QCD coupling and
quark masses



56.1%

6.2%

0.02%

2.8%

8.5%

0.23%

0.16%

23.1%

2.9%

Higgs decays

HXSWG v.3, 1307.1347

Uncertainties > 2%

(mostly QCD)

— Unknown EVWV HO

Channel My [GeV] T [MeV] Aas Amp Ame Am: THU
122 230 335 T35 Toon Toow aon
1= bb 126 236 |135% Tow| toon ook row
130 242 |50 Tohn| Toon Toom aow
122 2511070 U0 TO0k Toow Touw a0
Hoohe 126 2500070 gk Yook Took 0% o
130 267107" 1004 00w Tood oa Liow
122 871107 00 Yoo Toow To1x siox
Howhu™ 126 8991070 00RO 0o TOOE RO
130 927107 Loog T0ow ‘aoe Tooq i
122 1161071 (7ot Tons M6k | Tot Taon
e 126 1191071 [Tod) o Mo | Totn Laon
150 122407 Laggl “iin [Poon] Taie Zaog
122 3251070 [TET T00% TO0% Gosn |Tson
s 126 3570070 [VRH 0% T00% voan |Coon
130 3911071 [WR] 000 T00h voan | oo
122 83700°° Togg Tooe Toon Toox o
Hom 126 9.59107° *00% Y05 0ok Toon i
130 110107 *0op *0oq oon oow ‘iox
122 4741070 Tolg Toun 0w Toin [Tox
oo 126 6841077 YOUR TOoE ToNE oi% |Tson
130 955107° *00% 1005 T0od ‘oon |'son
122 6251070 *0O0R YO0% T00n Toow oan
H—WW 126 973107" *000 T000 To0d ook Tonw
130 149 00k ‘00% oo ‘oox ‘osx
122 730107% *OOR O0n o0k Toon 0w
e 126 1220071 *OUR TO0E T00h Toon onw
130 1951071 007 T00% 00k ‘oon osw

Teoe(126)= 4.21 MeV



56.1%

6.2%

0.02%

2.8%

8.5%

0.23%

0.16%

23.1%

2.9%

Higgs decays

Channel Mgy [GeV] T [MeV] Aas Am, Ame Amg THU HXSWG v.3, 1307.1347
122 230|350 Todn| Toow Toow aon
Hobb 126 236 [550 TISR) Toon foun i
130 242 |50 Tohn| Toon Toom aow
122 2511070 00 To0n toow o Laox
Hooheo 126 2591070 R O 00 Sk N
130 267107" 1004 00w Tood oa Liow
122 871107 00 Yoo Toow To1x siox
Howh 126 899107 pok TRk ook T o
130 927107 Loog T0ow ‘aoe Tooq i
122 1161071 (7ot Tons M6k | Tot Taon
H—oce 126 119907 700 Zo0 [ME| o T30 Uncertainties > 2%
130 12207 [7og| “ou [Teo| oun 20y
122 3.25.10 1 % —0.1% F0.0% —0.2% |+3.0% (mOStI)I QCD)
—4.1%| —0.1% —0.0% +0.2% |—3.0%
Hres 126 3571070 |G| Toh% Toon vos% |so%
130 391107" [ “0a% oow sos% | son
122 8371070 Toog T0or Toow Toon 1ox
S 126 959107 To%n 00w Toox Toon ion
130 110107 *0oq 0or oow oow 1w
122 4741077 Totg Toun Toow Toin [Tox
oo 126 684107°L “0on 00w Toiw oix [ Unknown EW HO
130 19551077 T00n Toon Toow ‘oon |'sox
1221625107 To00 007 Toow Toom Loan
H—WW 126 973107 *000 T000 Tooh Toon Tosw
130 140 | S0 Toow fome Soor Sz Strong mass dependence
122 730.10~2 t00% +0.0% +0.0% +0.0% +0.5%
—0.0% —0.0% —0.0% —0.0% —0.5% _ _ °
e 126 1122107 T00e Took Toow oo tosx 0Mu=400 MeV => ~5%
130 195107 T00n 00w Toow ‘oon ‘osx

Teoe(126)= 4.21 MeV
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Higgs - qq

3v/2 ’
F(H — QQ) = 3 GFMng(MH) |:1 —

T

. 1+ 1.803 ag(Mg) +2.953 a2 (Mp) + .. ]
MH

(known to 4th order)

® Running of masses is enormously important!
mb%(Mu)/mp?(pole) = (2.77/4.95)2 = 0.313
mcZ(Mu)/mc2(pole) = (0.612/1.27)% = 0.233

e [, affects all branching ratios!

'x SBR(X) 4Ty 5T
= — —~ = 0.56—2
Ltot BR(X) Ltot L'y

BR(X)
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Higgs—gg

j)}}}y SO T T
t’b 0.45: : |
———————— <ii:} |

0.35

T, (MeV)

0.30

0.25 | | | | | | | | | | | | | | | | | | | | | | | |

120 122 124 126 128 130
my (GeV)
2
a?GpM; m2(Mpy)
Lo = — EIN T a 1+6.14as +17.5a2 +15.1a5 + ...
g9 64\/§7T3 p q M12{ ( )

* b contributes ~ -6%, which almost cancels top mass effect
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y 16
TR N
E,B % ’:;
()]
&
Y R
Y
H W3
I I - I I
W— 120 122 124 126 128

Y a*Gp M3, 5 ’m?](MH) Mz,
r.. — 3 I I | =X
T 198273 2 cals MZ, W M7,

* W loop dominates

* b contributes less, so top mass effect is significant (~-2%)
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Higgs uncertainties: current

Almeida, Lee, Pokorski, Wells, 1311.6721v3

Parametric uncertainties % Scale ~THU 22

added linearly| in quadrature | dependence "
P~ (par.add.) | P~(par.quad.) | (PF, P~)(u)
total | 2.82 (1.79) 1.71 (1.07) (0.08,0.10)
gg | 2.52(1.83) | 1.74(1.49) | (0.05,0.03)
vy | 1.45 (0.42) 1.38 (0.35) | (1.31,0.60)
bb 2.62 (2.43) 1.84 (1.82) (0.29,0.01)
¢ | 7.34(7.15) | 5.55(5.54) | (0.45,0.35)
7= | 0.36 (0.12) 0.32 (0.08) | (0.01,0.01)
WW* | 4.41(1.17) | 4.97 (1.25) | (0.25,0.31)

ZZ* | 490 (1.25) | 4.42 (1.11) (0.,0.)

Z~v | 3.56 (0.92) | 3.52(0.88) | (0.56,0.23)
o | 0.34(0.11) | 0.32(0.08) | (0.03,0.03)

SMu/MeV = 400(100) [ILC => 30]
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Higgs uncertainties: prospects

Lepage, Mackenzie, Peskin, 1404.0319

Parametric uncertainties %| 06; = 0lj/21'i%

omy(10)  das(mz) dme(3) | b O 0g
current errors [10] | 0.70 0.63 0.61 |0.77 0.89 0.78
+ PT 0.69 0.40 0.34 | 0.74 0.57 0.49
+ LS 0.30 0.3 0.53 | 0.38 0.74 0.65
+ LS? 0.14 0.35 0.53 | 0.20 0.65 0.43
+ PT + LS 0.28 0.17 0.21 |0.30 0.27 0.21
+ PT + LS? 0.12 0.14 0.20 | 0.13 0.24 0.17
+ PT + LS* + ST | 0.09 0.08 0.20 |0.10 0.22 0.09
ILC goal 0.30 0.70 0.60

PT = O(a;l) [current = O(a?)]

LS = 0.030 fm |[current = 0.045 fm]

LS? = 0.023 fm [computing x 100]
ST = statistics x 100
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Conclusions
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Conclusions

SM is in very good shape (within its limitations)
Higgs partial widths currently predicted to 2%-5%

Higgs mass uncertainty important for VV* modes
(at LHC, not ILC)

Predictions to |%-2% look feasible, with big
investments in perturbative and lattice QCD

s this good enough??



Thanks for

istening!
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