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State of the Standard Model
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(see also talk by Tongguang Cheng)
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Top mass [GeV]

N
o
o

-t
0
o

-
o
o

170

160

150

140

Prediction of Top Quark Mass

» m. predictions

4 from loop effects
N ’ since 1990
®? </ + /\—/ 1 » official
L 6 © & ¢ O
|/ + ¢ ¢ ¢ - LEPEWWG fit
{1  since 1993
Measurements Results of the EW fit | the fits have
$ Tevatron LEPEWWG 1 always been able
¢ Tevatron + LHC [ Gfitter,inc. M, —  to predict m
(searches or meas.) 7 corre Ctl)’!
| ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ]
1995 2000 2005 2010 2015
Year

What precision is needed to see significant deviations
between measurements and predictions!?
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Higgs mass [GeV]

Prediction of Higgs Mass

400 — | | | | | | | | | | | | | | | | | | | ] } MH Predictions
— Measurements Results of the EW fit ] f | ff
350 [  LHC 90% CL, PDG - rom loop efrects
- 68% CL, LEPEWWG = since the
— —— 68% CL, Gfitter _
250 [ (incl. direct searches) = top qual’k 1995
- 1 » weaker
200 — ] .
- - constraints than
150 - —|  for m¢ because
= ® 06 o . .
100 - 3 of logarithmic
: — 1 dependence
50 = ]
- 1 » still, the fits have
| | | | | | | | | | | | | | | | | | | | | always Predicted
1995 2000 2005 2010 2015 M | |
Year H correctly!

Again: what precision should we strive for!? What are the major challenges!?
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Experimental Input

Fit is overconstrained

» all free parameters measured

(*s(Mz)

* most input from e*e™ colliders

- Mz :

unconstrained in fit)

2-107

* but crucial input from
hadron colliders:

- Me¢ .
- Mu
- Mw:

* remar

» require

41073
2-1073
2-1074

cable precision (<1%)

brecision calculations

—> (Mg [GeV]

125.14 £0.24

—>» My [GeV]

80.385 = 0.015

Ty [GeV] 2.085 4 0.042
My [GeV] 91.1875 4+ 0.0021
Iz [GeV] 2.4952 + 0.0023
ol . [nb] 41.540 £ 0.037
RY 20.767 + 0.025
A% 0.0171 4 0.0010
Ay ) 0.1499 + 0.0018
sin?604 (Qrp) 0.2324 4 0.0012
A, 0.670 + 0.027
Ay 0.923 + 0.020
AV 0.0707 + 0.0035
A%L 0.0992 + 0.0016
RO 0.1721 £ 0.0030
RY 0.21629 =+ 0.00066
Ao (M2) 2757 + 10
M, [GeV] 1.271097
mp [GeV] 420557
173.34 4 0.76

| LHC
Tev.

LEP

| SLD

| sLD

LEP

|| Tev.+LHC
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Calculations

Yy
All observables calculated at 2-loop level
7 W
» Mw : full EW one- and two-loop calculation | ko
of fermionic and bosonic contributions wtarmionic” ™ © “bosonic” °
[M Awramik et al., PRD 69, 053006 (2004), PRL 89, 241801 (2002)] ermionic osonic

+ 4-loop QCD correction [Chetyrkin et al., PRL 97, 102003 (2006)]

» sin?0lesr : same order as Mw, calculations for leptons and all quark flavours
[M Awramik et al, PRL 93,201805 (2004), JHEP | 1,048 (2006), Nucl. Phys. B813, 174 (2009)]

» partial widths I's: fermionic corrections in two-loop for
all flavours (includes predictions for 6%ad) [A. Freitas, JHEP04,070 (2014)] NEW

» Radiator functions: QCD corrections at N3LO
[Baikov et al., PRL 108,222003 (2012)]

» I'w : only one-loop EWV corrections available, negligible impact on fit
[Cho et al, JHEP | 111,068 (201 1)]

» all calculations: one- and two-loop QCD corrections and leading terms of
higher order corrections
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Theoretical Uncertainties

» estimated using a geometric series (an = a "), example: O(a’a;) = o) O(aas)
@
e similar results from scale variations
» reasonable estimates for all observables important
) exception: m: ! A Observable  Exp. error \Theo. error
, q\; My 15 MeV 4 MeV
Mé;f( 2 Pv:) sin*6. 1.6-10* | 0.5-107*
1=1,..., n
T q I, 23MeV | 0.5 MeV
v o 37 pb 6 pb
[A. Hoang arXiv:1412.3649, M. Mangano] had >Ip p
e MC definition, relation to mP°'® unknown R} 6.6-107* | 1.5-107*
e uncertainties from colour structure, m; 0.76 GeV  |[ 0.5 GeV
hadronisation and mP°® = m¢(m;) smaller ]«

» 10 additional free parameters, Gaussian likelihood new in fit

» important missing higher order terms:

* O(X%0s), O(Cxts?%), O(0%bos) (in some cases), O(x3), O(xs°) (rad. functions)
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Theoretical uncertainty on m

; 80-46 _I ] ] ] | ] ] ] ] | ] ] ] ] | | | | | | | | | | | I- 2| I| ] | ] ] ] ] | ] ] ] I_

8 . 95% CL contour for fit w/o sin“(0,,) LEP+SLC = 1o _

— 80.44 | m,, sin®(6] ) and Z widths measurements ]

< - 8., M =1.5GeV -

- 8 4peo My = 1.0 GeV i

80.42 — 5., M, = 0.5 GeV «—— default ]

- 5, . m, =0.0GeV _

80.4 L —

80.38 —

: m,, world comb. + 1o :

80.36 — —

80.34 —

— fitter|sul; -

80.32 B | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | ]
0.2311 0.2312 0.2313 0.2314 0.2315 0.2316 0.2317 0.2318 0.2319

sin®(6.,)

impact of variation in d¢heo m¢between 0 and 1.5 GeV

» better assessment of uncertainty on m; important for the fit
» uncertainty of 0.5 GeV small impact on result

Roman Kogler 8 News from the global electroweak fit



Future Improvements

LHC = LHC with 300 fb~!

Parameter Present || LHC | | ILC/GigaZ ILC/GigaZ = future e”e”
collider, option to run on

Miyr [GeV] 0.2 = <0.1 < 0.1 Z-pole (w polarized beams)

My [MeV] 15 — 8 5  WW threshold

My [MeV] 2.1 2.1 2.1

myg [GeV] 0.8 = 0.6 0.1 tt threshold scan

sin6g [1077] 16 16 1.3 0A%g: 1073 =107

Aay (MZ) [1077] 10 = 4 4  low energy data, better s

RY [107] 25 25 4 high statistics on Z-pole

Ky (A = 3TeV) 0.05 — 0.03 0.01 direct measurement of BRs

» theoretical uncertainties reduced by a factor of 4 (esp. Mw and sin?0'es)
* implies three-loop calculations!
* exception: Otheo Mt (LHC) = 0.25 GeV (factor 2)

» central values of input measurements adjusted to My = 125 GeV
[Baak et al, arXiv:1310.6708]
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[Gfitter, arXiv:1407.3792]

SM Fit Results |

black: direct measurement (data) * Measurement

orange: full fit Mo e

light-blue: fit excluding input from row r _I._

» goodness of fit, p-value:
X%min= 17.8 Prob(X?min, 14) = 21% | e
Pseudo experiments: 2| + 2 (theo)% ol

o (T i — A(LEP) —l-—
X2min(li in 1-loop) = 18.0 aso)| e W

* X%min(no theory uncertainties) = 18.2 sifo @) | et
» no individual value exceeds 30 A e

» largest deviations in b-sector: R -

« A% with 2.50 L
— largest contribution to X? n —

» small pulls for My, Mz O |

IIiIIIliIIIliIIIIiIIIIiIIIIiIIIIiII
3 -2 -1 0 1 2 3
O -0)/ o,

* input accuracies exceed fit requirements

indirect
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Present Results: Higgs

&, 5 s A SRR
= a5 3 | | | | #]fi]tterl "
M M £ [ SM fit with M, measurement =
Determination of My Py vt meem— EPS
. 5 £_HEH ATLAS measurement [arXiv:1406.3827) =
» grey band: fit without My measurement ™’ £ - cus mssuemenimxsarrosss E
* Mu = 93%%, GeV 25 £ E
2 =
e consistent with measurement at 1.30 ,,t E
» blue line: full SM fit o‘? Eb
k.Y =
OEL 1111111 ) IR S Y0 T WO VO T Lo ST SN WY T N TNT N S W NUUNEY (SN R E
60 70 80 90 100 110 120 130 140
M, [GeV]
Impact of most sensitive observables aep) (@ier: 4 43725
» determination of My, A(SLD)| — W | 38 45
removing all sensitive observables el 3 I PN r628
FB ; -
except the given one W T
» known tension (30) :
Obo, b e
between A|(SLD), A®®rg, LHC average t 125.1 + 0.2
and Mw clearly visible 6 10 20 1022102 10°
M, [GeV]
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Future: nggs Mass

N BT T T T T T TR T T T T T T T T T T '
< . [ |Presentsmfit | ‘| [Elfltterl I
[\ Present uncertailﬁia q
20 N Prospects for LHG
: Prospects for ILC/GigaZ (5, = Gauss)
. ~'zrProspectsforchmgaZ(om-myrr

I25 Ge

TTI]II

1111111111\L111111111

M, [GeV]

» Logarithmic dependency on My — cannot compete with direct My meas.

* no theory uncertainty:
* future theory uncertainty (Rfit):

* present day theory uncertainty:

» If EWPO central values unchanged (94 GeV), ~50 discrepancy with

measured Higgs mass
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125 _+,2§’ GeV

T L BB BRI I LI BRI NRLCARN
: PrQsent SM fit : M_]:
- || Praspects for LHC [ \Mumes =125 GeV, ]

N Pro%pects for ILC/GigaZ (5, L Gau i
- : 1 o
- -Pros'rectsfor lLC/GigaZ(b"é le), R _-4(,
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E :
- I ! -
- . —
1/ -
: :20
,'/ I" ‘ T R :10
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M, [GeV]
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Future: nggs Mass

_present theory uncertalnty

.
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LRI | I |
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-Gmu) _..

e b
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beve

.....
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1 11801 1
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» Logarithmic dependency on My — cannot compete with direct My meas.
* no theory uncertainty:

* future theory uncertainty (Rfit):

* present day theory uncertainty:

MH
MH
M

» If EWPO central values unchanged (94 GeV), ~50 discrepancy with
measured Higgs mass compromised by present theory uncertainty!

125 + 7 GeV

|25 +'° GeV

125 _+,2§’ GeV
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20
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200
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Indirect determination of W mass

NX 10 :' LI l 1 LI
< -
. - 9 :
» also shown: SM fit with ST —
mlnlmal |nput: E SM fit w M"k'and M,, measurement
5) 7 “amn SM fit wi nit'\imal input
Mz, Gr, AGhad®(Mz), Bs(Mz), E o, wona Yuer
MH, and fermion masses 5E-
* good consistency 4 F-
3E
» My measurement allows for E
precise constraint on Mw 1E- |
o:llllllllllllllll

* agreement at |.40

» fit result for indirect determination of Mw (full fit w/o Mw):

-
-
-
— - -
-

LI L L L B L B
[c] fitter|s.|: 3
""" — 30
— 20
@ — 1o
RN B U N A N R AN A B R A A

80.32 80.33 80.34 80.35 80.36 80.37 80.38 80.39 804 8041

M,, [GeV]

My = 80.3584 £(0.0046,,, |

0.00305,, . m,

+0.0026,7,, -

-0.00180, .,

+0.00204, +

= 80.358 & 0.0081;01; GeV

0.0001,,,

0.00405,.  n1.,

GeV

more precise than direct measurement (15 MeV)
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Indirect determination of W mass

&, 10 e T T T T T T T T T T T T T e T T T T T T T T T
T b i Nk i [Elfitter]s S
} aISO Shown: SM ﬁt With i §_|:|SIVH|t ol\l‘;'- measurement .: g
m|n|ma| |nput: 8 g_ SM_:T__:itw M‘:'Q‘and M,, measurement _g
(5) 7 —— SMﬁ___twi minimal input e
MZ, GF, AO(had (MZ), O(S(MZ), 6 F-"® My world qverage [arXiv:1204.0042] Rt /3
: = o\ | -
MH, and fermion masses sE fe— E
* good consistency L R /T O 3
= =
» MH measurement allows for £ E
precise constraint on Mw s N - E
* agreement at |.40 $h37 8035 8034 80.35 B0.36 80.37 '80.33 80.39 504 8041
» fit result for indirect determination of Mw (full fit w/o Mw): Vo 15V
My = 80.3584 £(0.0046,,, |==/0.0030s,, . _m, £ 0.0026,, £ 0.0018a4,,,
+ 0.0020, £+ 0.0001 s, £{0.00405,, . s, | GEV

= 80.358 + 0.008;,; GeV (om¢ (|l GeV):£9 MeV, Rfit: £13 MeV )

more precise than direct measurement (15 MeV)

30

20

1o
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Future: Mw

LHC_3OO Scenar’io N}< 25 4| LI S L B B B r"l| T 1 L B .[ 1 I B N P T 7 L— 50
) < s [] Present SM fit ] m fitter|swv); -
) mOderate Impl"ovement Prospects for LHC " : |
. . 20 ]
(~30%) of indirect | -
constraint - _----‘.\‘. .................... ............ ... Jao
 theoretical uncertainties -
already important 10 ‘ ‘ , , -
—————————— S R K-

ILC Scenario .

» improvement of factor 3 B e s At 120
possible, similar to direct E— R R < 1o
measurement ’80.33 80.34 8035 8036 8037 80.38 80.39  80.4

M,, [GeV]

Fit Results:
6MW—17MZ€B01mtEB12 2] @ 0.6Aq,.4 ©0.34, MeV

eff

5MW — ]--3theo D 1-9exp MeV = 2-3tot MeV

Measurement uncertainty for ILC: 5 MeV
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Indirect determination of m¢

™~ 10 — 1 T T 1 T —r 1 | T r T T ] L S  r r T T
. . < = [] SM fit Wi m, measurement Efltter =
g = W e e 13
» determination of m¢ from = 54wk, and M, messurements 30
Z-pole data (fully obtained 8 F#- minworld§verage [arxiv:1403.4427] =
from rad 7 f_"D" mP** from "vatron o, [arXiv:1207.0980] _f
o ) = P mP* from CNS, o, (CMS) [arXiv:1307.1907] =
corrections ~me ) 6 = O mP°* from ATRAS, o, [arXiv:1406.5375] E
. . n pole - —
» alternative to direct SEg ™ omA RS ———— E
measurements E =%
. 3 —]
» Mn allows for significantly = -
. . . 2 — 1 -
more precise determination v -
1 — 1o
Of mt E 1 L A 1 l | L L A l | T — . A 1 l L L 1 | E
165 170 175 180 185 190
m, [GeV]

my = 177.0 + 2°3MW, SinQQéfff T 0-6048 T O°5Aahad T O.4MZ GeV
= 177.0 £ 2.4exp & 0.5¢neo GeV

» similar precision as determination from 6, good agreement
» dominated by experimental precision
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Future: Top Quark Mass

o (9] 10 : I I I l I I I l I I : I I I I I I I I I I I I I -
LHC-300 Scenario S EW [l fitter [l
O\ e — 30
. = s Prospect for LHC | -
> Improvement due to 8 ;_ ‘\‘ || Prospect forILC/Gig‘_Z —
|mproved PreC|S|0n on MW 7 f_ ‘\""’" mii" world average [a ?(iv:1403.4427] j
: 6 &
ILC Scenario - -
5 —]
» Comparable precision dueto ,& % \ v+ 1/ J 1,
— / ] ©
Mw and sin?0'et measurements ,E E
(Mw: om¢=1 GeV 2 E =
sinZ0'er: Ome = 0.9 GeV) S N ey m— F10
: | I | | | I | | | I | | | | | I | | | I | | | -
Fit Results. 0 166 168 170 172 174 176 178 180
) m, [GeV]

Smi = 0.6a5, @ 0507, ©0.3_. 5,5 ®0.4a0,,, ©0.24, GeV

eff

5mt — O°2theo &, O-7exp GeV = O-Stot GeV

» similar precision as present world average of m" from hadron colliders
» still dominated by experimental precision
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Present: Effective Weak Mlxmg Angle

N10IIIIIIIIIIIIIIIII
» all measurements directly z L
SenS|t|Ve to S|n26|eff 8 _|:| SM fit with M,, measuremen
| SM fit w/oM measurement
removed from ﬁt — = SM fit with minimal input :
(asymmetr|es’ Partial WldthS) 6 _l-Q-l LEP/SLD average [hep-ex/05090 8]
* good agreement with A
. : T 1) | S L
minimal input -
» My measurement allows for 2:—
precise constraint IR S =
III|IIII|IIII|IIII|IIII|II

0 LN
0.2309 0.231 0.2311 0.2312 0.2313 0.2314 0.2315 0.2316 0.2317 0.2318

. q. . . . sin?(0.,)
» fit result for indirect determination of sin%0'c: et

sin0’ = 0.231488 4{0.000024,,, |+ 0.0000165,, . &= 0.000015,7, 4 0.000035A4, .,
+0.000010,,¢ = 0.000001,7,, £/0.000047, .,

5theo Sln eﬂ'

0.23149 £ 0.00007¢0t

more precise than determination from LEP/SLD (1.6 10%)
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Future: Effective Weak Mixing Angle

LHC-300 Scenario =

» large improvement of indirect
constraint

* compromised by today’s
theoretical uncertainties
ILC Scenario

» Indirect constraint and direct
measurement comparable
precision

Fit Results:

o3 A L B S | N AL I NLANLENLI I ILFD LN W o A
L[] Bresent SMfit . | : fitter [sw|z 4
B P;‘pspects for LH g ]
20 ] Pr6§pects for ILC/ ‘l‘gaZ "
— HOH Dire‘c‘t measureme t'\‘(present/LHC/ILC) : ; -
U VY A/ S— f & ] 4

] ’
Y ' I ’
. L [ .
‘ 1 4
A "‘ [J 4 3 (]
A 1 ’
Y ] P 2
Y ) ’

Y A [ 4
\ A [} .
\‘ \ P ’
.
------------------------ - N .0
N Y L/ ’
- \ ) 4
\ \ /) ’

0
0.2312

0.2313 0.2314

1o

0.2315 0.2316 0.2317

0.2318

sin’(6.,)

5sin? 07, = (1.7a5, ® 1.201, ® 0.1, ® 1580, @ 0.14,) - 107°

§sin? 07, = (1.0¢neo @ 2.0exp) - 107° = (2.3 0¢) - 1072

Measurement uncertainty for ILC: 1.3-107>

Roman Kogler
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Coupling Constraints from EWPO

KV PN KV

/ \

» consider specific model in kK parametrisation:

. . ZIW ZI\W
* scaling of Higgs-vector boson (Kv) and ZIW

Higgs-fermion couplings (Kf), with no invisible/undetectable widths

» main effect on EWPD due to modified Higgs coupling to gauge bosons (Kv)
[Espinosa et al. arXiv:1202.3697, Falkowski et al. arXiv:1303.1812], etc

1 A2 ;80.5_IIIIIIIIIIIIIIIIIIIIIIIIIIIIJIIIIIIIIII
S —_ (1 _@) ln— = " 95% CL contours ky private LHC average = 1o
127 2 — w/o M, and k, measurement A= |1% 2]
80.45 A =10 TeV Y
A= 5TeV
T = 1 ln
167 COS2(9€ h=1TeV
80.4

A =

M,y world comb. + 1o

» correlation between kv and Mw 03

-
<

68% and 95% CL contours for

direct M, and k, measurements fitter

SM|F

IIII|IIII|IIII|IIII|I

* slightly smaller values of Mw

llll|llll|ll|||llll|llll

80-25 Illlllllllllllllllll|IIII|IlllIllllIlllll

preferred 0.8 085 09 095 1 105 11 115 1.2

Ky

Roman Kogler 19 News from the global electroweak fit



Higgs Coupling Results

LT-< 1-8 | | | | I | | | | I | | | | I | | | | I | | | | I | | | |
. . 7 B ]
nggs Coupllng 16 B . Higgs Measurements . EW-fit + Higgs Measurements
. 0 [ % % i 68% and 95% CL fit t ]
measurements: : 68% and 95% CL fit contours "y =3al'?'eV] It contours -
» Ky = O 99 + O 08 1.4 |- @ Standard Model prediction = Fit minimum ]
>KF=IOIiOI7 1_2:— _:
: 1 -
» Combined result: B -
» kv = 1.03 + 0.02 08 - E
(A = 3TeV) 0.6 -
» implies NP-scale of 0.4 - _
_ €] fitter|su|T
A Z I 3 Tev O 2 B | | | | I | | | | I | | | | I | | | | I | | | | I | | | | ]
0.7 0.8 0.9 1 1.1 1.2 1.3
1 Kv

» some dependency for Ky in central value [1.02-1.04] and error [0.02-0.03]
on cut-off scale A [I1-10TeV]
* EW fit sofar more precise result for Ky than current LHC experiments
* EW fit has positive deviation of Ky from 1.0
- many BSM models: Ky < |
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Prospects of EWV Fit

; 80-5 | | | L | T 1T 1 | | L | T 1T 1 T 1 1 T 1T 1 | | L | T 1T 1 | |
= | 68% and 95% CL contours Kv prixate LHC average =10 |
- Vv
B w/o M,, and k, measurement A= -2 7
80.45 — Present SM fit ]
— Prospect for LHC —
B Prospect for ILC/GigaZ |
80.4 — Present measurement R
|- ILC-precision -
— M,, world comb. + 1o ]
80.35 — —
80.3 — _
80 25 _I | | I I | | 1 1 1 1 | | I I | | | I I | | I I | | 1 1 1 1 | | I I | | 1 1 1 1 | I—

0.8 0.85 0.9 0.95 1 1.05 1.1 1.15 1.2
Ky

» competitive results between EVV fit and Higgs coupling measurements!

* precision of about |%
» ILC/GigaZ offers fantastic possibilities to test the SM and constrain NP
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Summary of Indirect Predictions

Experimental input [+1oesy] :  Indirect determination [+1oexp, +10theo]
Parameter Present LHC  ILC/GigaZ : Present LHC ILC/GigaZ
My [GeV) 0.2 <01 SO U S P N 1o S
My [MeV] 15 8 5 : 5.2, 1.8 1.9, 1.3
My [MeV] 2.1 2.1 2.1 L1, 4 7.0, 1.4 2.5, 1.0
my [GeV] 0.8 0.6 0.1 L 24,06 1.5, 0.2 0.7, 0.2
sin20% [10~°] 16 16 1.3 : 2.8, 1.1 2.0, 1.0
Acy, (M%) 1077 10 4.7 4.7 42, 13 36, 6 5.6, 3.0
R} [1072] 25 25 4 : —~ —~ -
ag(MZ) [1074 - - - 40, 10 39, 7 6.4, 6.9
S|y—o - = = © 0.094, 0.027 0.086, 0.006  0.017, 0.006
T|v—o - - - 1 0.083, 0.023 0.064, 0.005  0.022, 0.005
Ky (A = 3TeV) 0.05  0.03 0.01 L 0.02 0.02 0.01

Roman Kogler 22 Fits of EWPO in the SM



Summary of Indirect Predictions

Experimental input [+1oexp]

Indirect determination [+10exp, £10theo]

Parameter Present LHC  ILC/GigaZ Present LHC ILC/GigaZ
My [GeV] 0.2 <0.1 <01 & AL+ 20 39 M BNE Y
Vi e 5oos 5]
My [MeV] 2.1 2.1 2.1 L1, 4 7.0, 1.4 2.5, 1.0
my [GeV] 0.8 0.6 0.1 L 24,06
sin20%g [107] 16 16 1.3 :
Acy, (M%) 1077 10 4.7 4.7 42,13 36, 6 5.6, 3.0
R} [1072] 25 25 4 : —~ —~ -
ag(MZ) [1074 - - - 40, 10 39, 7 6.4, 6.9
Sl—o = - - © 0.094, 0.027 0.086, 0.006 ~0.017, 0.00
T)v—o - = = 1 0.083, 0.023  0.064, 0.005 \0.022, 0.00
Ky (A = 3TeV) 0.05  0.03 0.01 L 0.02 0.01

» Theory uncertainty needs to be reduced if we want to achieve the
ultimate precision with the LHC!

» Future e*e™ collider: fantastic possibilities for consistency tests of the SM
on loop level and NP constraints

Roman Kogler
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Summary

Uncertainties on Mw

Today LHC-300

Smeas — |5 MeV Smeas = 8 MeV

6ﬁt = 8 MeV 6ﬁt = 6 MeV

dfcheo = 5 MeV dpcthee = 2 MeV
‘ SMZ ‘ Smtop

ILC/GigaZ
Omeas — S MeV
Sﬁt = 2 MeV

o= | MeV

‘ SAO(had ‘ 60(5

Improved theoretical precision needed already for the LHC-300!
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Additional Material
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Two Higgs Doublet Models

(see talk by M. Beckingham)

» extend the scalar sector by another doublet "
ype I and Type 11
» studies of Z; Type-| and Type-2 2HDMs Higgs o
* difference in the coupling to down-type quarks h sin(8 — a)
* Type-2 related to MSSM, but less constrained H cos(8 — a)
Two-Higgs Doublet Model | A 0

» constraints derived
from EWPD using
S, T,U formalism

M., [GeV]

» lightest scalar
Mn = 125.1 GeV

» weak constraints
on masses, since
tanf3 and cos(p-a)
are unconstrained
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2HDM and H Coupling Measurements

» coupling measurements place important constraints on 2HDMs
» predictions of BRs using 2HDMC [D. Eriksson et al.,, CPC 181, 189 (2010)]

» 7 additional, unconstraint parameters (4 masses, 2 angles, soft breaking scale):
importance sampling with MultiNest [F Feroz et al., arXiv:1306.2144]

tan 3

Two-Hﬁs Doublet Model Type | Two-wgs Doublet Model Type II
35—1"_l"_"l""l""l""l""l""l""l""l— m. 35—1" I BAREE BEAEEE BEEAA LEEAS BEAAl BEEAE BEREAAEF -
ol 'L _ B 68% and 95% CL fitcontours - - Py B 68% and 95% CL fitcontours -]
30 | oazs . Mu+ = 250 GeV S S af Mu+ = 250 GeV S
[ . 5 e - . B -
25 - =~ 25_ —
: Type-1 : Type-2 =
20 = Preliminary —: 20 - Preliminary _:
- [ fitter [5:)° = 15 [ fitter [2.)7
10 |5 — 10 —f
5 |5 — 5 B
e . A S e wis s T T T . o s = - - P P P P P T
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
cos(B—a cos(B-x)

» additional constraints from flavour data
e B2 Xsv:tanf} > | * Bs—uu : constraints depending on My and Muz
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Global Fit to 2ZHDM of Type-2

Two-Higgs Doublet Model Type Il

; .—' | | l 1 | | I LI I LI L I.' T I | A B | I T 1 Jr I LI L L I L l-

5 900 [-58% and 95% CL fit contours (allged) -

- u 0 .

< - tanf} =[1,35] -
= oo N

= - S | 5

[ — ——T —

700 |— g & ° -

- § P @ R -

600 - -o = =

- | - : -

F : g :

— ° —

400 S ; =

- '3 S o -

300 — N .

— g o - o - —

1 l L1 11 l 1.1 13 L1 11 l L1 11 l 1 11 I L1 11 l L1 l:

200 300 400 500 600 700 800 900

» for given Muz: tight constraints from H coupling measurements and EWPD
» expect improvement from direct searches at the LHC
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