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1. Introduction

® In 2012, the Higgs boson, which had been the last missing
piece of the SM, was finally discovered at the LHC!

® It looks very much like the SM Higgs!
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® But,no NP particle has been found so far at the LHC!
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Indirect searches for NP

® Indirect searches are as relevant as ever after the
LHC 7-8 TeV run.

® Historically, indirect hints to unobserved heavy particles
were obtained from low-energy experiments:

e.g., the existence of charm quark from kaon decays,
the heavy top mass from B-Bbar oscillation,
the Higgs mass from the EW precision fit, ...

® We would like to investigate the interplay of direct and
indirect searches in the light of experimental data
available currently and in the forthcoming years:

LHC run2 (2015-), Belle-Il (2018-), other flavor factories
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“SusyFit” project sppored in oty

® We have been developing a computational framework
to calculate various observables in the SM or in its
extensions, and to constrain their parameter space.

“SusyFit”

A temporary name, waiting for a better one,
since we consider not only SUSY.

® Other developers:

Rome: Shehu S.AbdusSalam, Jorge de Blas, Debtosh Chowdhury, Otto Eberhardet,
Marco Fedele, Enrico Franco, Ayan Paul, Luca Silvestrini

Rome Tre: Marco Ciuchini

ICTP/SISSA: Giovanni Grilli di Cortona, lvan Girardi, Mauro Valli

Weizmann: Diptimoy Ghosh

Florida State U.: Laura Reina

Caltech: Maurizio Pierini (CMYS)
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“SusyFit” codes

® SusyFit is written in C++, supporting MPI parallelization.

® SusyFit will be made available to the public under GPL.

Working developer versions are always available through github
(requires NetBeans IDE).

® Dependencies: ROOT, GSL, Boost libraries, and
Bayesian Analysis Toolkit (BAT).

Beaujean, Caldwell, Greenwald, Kollar & Kroninger
BAT

—
BAYESIAN

® The first public release will be made available soon.
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What can be done with “SusyFit” ?

config file [0

your model]

Effective
Lagrangian

your observable]

ThObservabIe

(base class)

histograms

Predictions (&j |»
Br(B — X 'y)]

Bayesian Analysis Toolkit

® a stand-alone program to perform a Bayesian statistical analysis.

® alternatively, a library to compute observables in a given model.

® add your favorite models and observables as external modules.
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Models

® Each model class contains the definitions of parameters,
effective couplings (Wilson coefficients), RGEs, etc.

- Standard Model (tested)
- general MSSM (SLHA2 compatible, under testing)
including MFV, pMSSM, ...

(FeynHiggs is used to compute Higgs masses, etc.)
- Two-Higgs-doublet models (under construction)

- Some NP extensions for model-independent
studies of EWV and Higgs (tested)

dim-6 operators, oblique parameters, etc.
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Observables

® Observables are computed from the parameters, the

effective couplings and so on that are defined in each
model class.

- EWV precision observables (tested)

Mw, I'w, I'z, 0'29 sin” HL?t(Q%‘aBd)v PqE)Ola Afa Ag‘,éa R?
for f =4¢,c,b
- Higgs-boson signal strengths (tested)

H — ~~, ZZ, WW, +++—, bb for different categories
- LEP2 two-fermion processes (in progress/testing)

o and Apg foreTe™ —eTe™, utpu~, 77T, cé, bb
- Flavor observables [» next slide
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Flavor observables

® UT-analysis observables: (tested against |UTfj¢| )

UT angles, AF = 2 amplitudes, B — v, CKM elements

® Rare decays:
B — X,v, B — K*~ (in progress)
B — X T¢~, B— K¢T¢~ (inprogress), B — K*¢t¢~
Bsag — ppu
K — wvi (in progress)
K — puTu~ (in progress)
T — uvy, T — 3£ (+other LFV processes, in progress)

® Non-leptonic decays:
B — PP, PV (in progress)
e’ /e (in progress)

Our tool will be used to contribute to the joint theory-experiment ey s’

activity “B2TiP” (Belle ll-Theory Interface Platform) </
https://belle2.cc.kek.jp/~twiki/bin/view/B2TiP Belle I
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https://belle2.cc.kek.jp/~twiki/bin/view/B2TiP

In the rest of the talk, | will present a part of the fit
results obtained with SusyFit :

- EW precision fit (SM, model-independent NP)
EWV precision observables (EVWWPO)

- Constraints on the dimension-six effective Lagrangian

EWPO + Higgs signal strengths
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2. Electroweak precision fit

M. Ciuchini, E. Franco, S.M. & L. Silvestrini, JHEP 08, 106 (2013);
+ M. Pierini and L. Reina, in preparation
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EW precision physics

® Electroweak precision observables (EWPO) offer a
very powerful handle on the mechanism of EVVSB and
allow us to strongly constrain NP models relevant to
solve the naturalness (hierarchy) problem.

® Qualitative change: The Higgs mass has been measured.

E’ No free SM parameter in the fit

® The precise measurements of the W and top masses at
the Tevatron/LHC improve the power of the EWV fit.

® Theoretical calculations of higher-order corrections in
the SM have been improved in recent years.
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EW precision observables (EWPO)

My, I'w and 13 Z-pole observables
(LEP2/Tevatron) (LEP/SLD)

® Z-pole ob’s are given in terms of effective couplings:

(& _
L = Zu i (g{/'Yu, — g£7u75) i
ZSWCW

Aty = As = ;A% =244 (f =4,¢,b
FB — e Af — £, C, )
1+ |Re (o /9% )| . e 9 /9%
prol _ A sin? 9(13?1: = 1 1 — Re g—X
T 4|Q.| ga
2
3 f |2 Q{f f f
I}:I‘(Z—)ff)oc‘gA’ —| Ry + Ry
ga gf gf
, 12aT.T, ., Tn o Tep Vo JA
E*PZ’Uh: 5 5 By = 5 R, =
M2 T2 r,” *®7 T,
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Theoretical status

® Mw has been calculated with full EVW two-loop and
leading higher-order contributions. Awramik, Czakon, Freitas & Weiglein (04)

® sin? 07 have been calculated with full EW two-loop
(bosonic is missing for f=b) and leading higher-order

contri bUtlonS- Awramik, Czakon & Freitas (06); Awramik, Czakon, Freitas & Kniehl (09)

® Full fermionic EWV two-loop corrections to the Z-boson
partial widths have been calculated recently.
Freitas & Huang (12); Freitas (13); Freitas (14)
-

vZW W
Y.Z W
M/<ﬁi M@C
" w

® We use the formulae calculated in the on-shell scheme.

See also Sirlin; Marciano&Sirlin; Bardin et al; Djouadi&Verzegnassi; Djouadi; Kniehl; Halzen&Kniehl; Kniehl&Sirlin; Barbieri et al;
Fleischer et al; Djouadi&Gambino; Degrassi et al;Avdeev et al; Chetyrkin et al; Freitas et al;Awramik&Czakon; Onishchenko&Veretin;
Van der Bij et al; Faisst et al; Awramik et al, and many other works
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Theoretical status

A. Freitas, 1406.6980

Mw FZ Gl(l)ad Rb SiIl2 fof
Exp. error 15MeV 23MeV 37pb 6.6x10* 1.6x10°*
Theory error 4MeV 05MeV  6pb 1.5x107% 05x10~*

Theory errors from missing higher-order corrections
are safely below current experimental errors.
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EW precision fit

< Erler et al- (for PDG) http://www.fisica.unam.mx/erler/GAPPP.html

GAPP (Global Analysis of Particle Properties)
MSbar scheme & frequentist

® Gfitter group

Gfitter (Generic fitting package)  hup:/gfitter.desy.de

on-shell scheme & frequentist

® Many other groups with ZFITTER  hupizfinercom
on-shell scheme

.. O ur grOU P M. Ciuchini, E. Franco, S.M., L. Silvestrini and others ...

on-shell scheme & Bayesian
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http://gfitter.desy.de
http://www.fisica.unam.mx/erler/GAPPP.html
http://zfitter.com

SM fit

Data Fit Indirect Pull
as(M32) 0.1185 £ 0.0005 0.1185 + 0.0005 0.1185 + 0.0028  +0.0
Acl® (M2) 0.02750 + 0.00033  0.02741 £ 0.00026 0.02727 £ 0.00042 —0.4
Mz [GeV] 91.1875 £+ 0.0021  91.1879 + 0.0020 91.198 £ 0.011  +0.9
m; [GeV] 173.34 £ 0.76 173.6 £ 0.7 176.6 £+ 2.5 +1.2
mpg [GeV] 125.5 + 0.3 125.5 + 0.3 99.9 + 26.6 —0.8
Mw [GeV] 80.385 + 0.015 80.367 + 0.006 80.363 £+ 0.007  —1.3
I'w [GeV] 2.085 £ 0.042 2.0892 + 0.0005 2.0892 + 0.0005  +0.1
I'z [GeV] 2.4952 + 0.0023 2.4945 + 0.0004 2.4944 +0.0004 —0.3
o) [nb] 41.540 + 0.037 41.488 + 0.003 41.488 £ 0.003  —1.4
sin? 9.°P* (Qhad 0.2324 +0.0012  0.23145 4+ 0.00009 0.23144 4+ 0.00009 —0.8
ppel 0.1465 4 0.0033 0.1476 + 0.0007 0.1477 £+ 0.0007  40.3
A, (SLD) 0.1513 + 0.0021 0.1476 + 0.0007 0.1471 £ 0.0007 —1.9
A 0.670 &+ 0.027 0.6682 + 0.0003 0.6682 + 0.0003  —0.1
Ay 0.923 + 0.020 0.93466 + 0.00006 0.93466 + 0.00006 +0.6
AYL 0.0171 4 0.0010 0.0163 + 0.0002 0.0163 4+ 0.0002  —0.8
ADS 0.0707 £ 0.0035 0.0740 + 0.0004 0.0740 + 0.0004  40.9
Apd 0.0992 + 0.0016 0.1035 + 0.0005 0.1039 £ 0.0005  +2.8
R 20.767 + 0.025 20.752 + 0.003 20.752 + 0.003  —0.6
R? 0.1721 + 0.0030  0.17224 + 0.00001 0.17224 4 0.00001 +0.0
R} 0.21629 £ 0.00066 0.21578 + 0.00003 0.21578 + 0.00003 —0.8

Indirect: determined w/o using the corresponding
experimental information
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Gfitter, 1407.3792

mm Global EW fit

-- Measurement
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Oblique parameters

® Suppose that dominant NP effects appear in the
vacuum polarizations of the gauge bosons:

S = —167II,,(0) = 167 [HNP’(O) HNP’(O)}
47

T = 1" (0) — I3 (0
s cw M7 [ - o Kennedy & Lynn (89)
ennedy & Lynn ;
U =167 [Hll\Ilp,(O) HNP,(O)} Peskin & Takeuchi (90,92)

® EWPO depend on the three combinations:

2 2
— U
5Mw, 5FW x —S —|— 2C%,VT —|— (CW SW)

2%,
6Tz o< —10(3 — 8s%,) S + (63 — 12653, — 40s5;,) T

others o< S — 403‘,8%‘, T
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Constraints on the oblique parameters

68% & 95%

05| B A
M
B0 sinoct, P, A, A%

-

-0.5
05 o0 05
S
Fit result Correlations
S | 0.084+0.09 | 1.00
T | 0.10 &= 0.07 | 0.87 1.00

|_
05
0 |
-0.5+
L | l
-0.5 0 0.5
S
Fit result Correlations
S | 0.08 +0.10 1.00
T | 0.10 £+ 0.12 0.85 1.00
U | 0.00+0.09 | —0.49 —-0.79 1.00

Gfitter, 1407.3792

®» No evidence for NP!

21/40

0-3 | T I T T I I ]
- 68% and 95% CL fit contours for U=0 -
L (SM_: M,=125 GeV, m =173 GeV) ]
0.2 B Present uncertainties ]
C Prospects for LHC 7]
- Prospects for ILC/GigaZ -
0.1 — —
0 —
0.1 SM Prediction .
L M, = 125.14 = 0.24 GeV ]
L m, =173.34 = 0.91 GeV -
'0.2 __ __
_0.3 C I 1 1 1 I 1 1 I 1 1 1 1 I 1 1 1 ]
-0.3 0.2 -0.1 0 0.1 0.2 0.3
S
Fit result Correlations
S | 0.06 £ 0.09 | 1.00
T | 0.10 == 0.07 | 0.91 1.00
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Epsilon parameters

€1 = Ap’
2

S
€3 = cOAp + — 0 5 Arw — 230Af<c

C0_30

es = coAp’ + (cg — s3) Ak’

and ¢

Altarelli et al. (91,92,93)

$2 o2 — 71'0‘(]\45)
W V2 G M2(1 — Ary)

Ap’
vReps =1+

2

sin® 0% = (1 + Ax') 82
ro(M3)

S0 Co —

V2G, M2

® ¢€; involve the oblique corrections beyond S, T and U.

My (q°) ~ yy:(0) + ¢° I}, (0) + ——

-1

3 parameters

VV' = {WW, ZZ, Z~,vv}

- ie.,V,W, XY
) Iy, (0) + -

2!
(—l 3 are absorbed in 959" v

/ parameters I1.,.,(0) = Iz, (0) = 0

® Unlike STU, €; involve non-oblique vertex corrections.

® Moreover, €; also involve SM(top/Higgs) contributions.

[’ éeize,,;—e?Ml
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Modified epsilon parameters

0€; = €; — €;
4 x10° . <107
W W
%) - %) -
2 2
Or Or
_2_— _2_— 5€2=6€b=0
I | . Ix10° | | . | Lo ix10°
-2 0 4 2 0 2 4
881 881
Fit result Correlations
€eq 0.0007 + 0.0010 1.00 Fit result Correlations
deo | —0.0001 £ 0.0009 0.80 1.00 de; | 0.0008 = 0.0006 | 1.00
€3 0.0006 + 0.0009 0.86 0.51 1.00 dez | 0.0007 &= 0.0008 | 0.87 1.00
o€ 0.0003 +0.0013 | —0.33 —0.32 —0.22 1.00
23/40 Satoshi Mishima (KIAS)




Zbb couplings

® Four solutions from Z-pole data, while two of
them are disfavored by off Z-pole data for AFBb.

Choudhury et al. (02)
® The solution closer to the SM:

5 = b __ b b
oYy < g9; = (9;)sm + 9g,
oL
0.02 I L
of 0021 Fit result Correlations
[ ; dg% | 0.018 +0.007 1.00
00z : dg® | 0.0029 +0.0014 | 0.90 1.00
soul 004 8gz, 0.021 &+ 0.008 1.00
el IR PITE VE  R T R b — —
-0.04 -0.02 0 0.02 0.04 0.06 0 0.02 0.04 6gA 0.015 :|: 0.006 0.98 1.00
5gh e}y

See also Batell et al. (13)
® Deviation from the SM due to A%
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EW chiral Lagrangian

® No new state below cutoff + custodial symmetry:

v? h
L= ZTr(DMETD“E) 14 26y — + -
(¥

) N Y. : Goldstone bosons
Ky = 1 in the SM

B The HVV coupling contributes to S and T at one-loop.

Barberi, Bellazzini, Rychkov & Varagnolo (07)

In(A?/M32) — k2 In(A2 /m?)
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EW chiral Lagrangian

S
I
K

14l B EW+Higgs
o EEW
—_-Higgs P “ts

—_
(6]

Probability density

(6]

Ky

ry = 1.025 = 0.021

® EWPO constraint on Kv is stronger than Higgs one,
but no constraint on Kf.

® v >1 E» WLWL scattering is dominated by isospin 2 channel

v? [°° ds
: — (207124 (8) + 30712, (5) — 5o, (s))

v o 0 S .
Falkowski, Rychkov & Urbano (12)

P A 18 TeV Q95% for rky < 1 Bellazzini, Martucci & Torre (14)
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Composite Higgs models

® Composite Higgs models typically generate <y < 1.

e.g. Minimal Composite Higgs Models (MCHM) based on SO(5)/SO(4)

Agashe, Contino & Pomarol (05)

2
(¥
Ky =1 —§ § = (}) f: scale of compositeness

® Extra contributions to S and T are required to fix the
EW fit under kv < 1.

IR contribution

4F

T x10°

UV cont’ from heavy vector resonances

4F
s Fermionic resonances

S x 103

Grojean et al. (13) 27/40 Satoshi Mishima (KIAS)




3. Constraints on the dim-6 Lagrangian

J. de Blas, M. Ciuchini, E. Franco, D. Ghosh, S.M.,
M. Pierini, L. Reina & L. Silvestrini, in preparation
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Effective field theory approach

® We have found only a Higgs and no other new particle
so far at the LHC.

® Experimental data suggest that the NP scale is well
above the EWV scale.

® We consider an effective theory built exclusively from
the SM fields with the SM gauge symmetries.

SU(3)C X SU(Z)L X U(].)Y

® Contributions from higher-dimensional operators are
suppressed by powers of the NP scale.

1 1 1
—_ r4) } :C('é) (5) } :C(G) (6)
( J
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Effective field theory approach

Pros:
® Model-independent

® Correlations among observables are induced by gauge-
Invariant operators.

E* Useful guide to look for NP effects

® Constraints on the Wilson coefficients will give us
clues for constructing the UV theory.

Cons:

® Too many operators in general.

® EFT analyses cannot capture the stronger correlations
among operators that may arise in specific NP models.
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Dim-6 operators

1 1 1
_ ) § :C’(5) (5) § :C(G) (6)
i J

® The dim-5 operator (LH)(LH) violates lepton number.

® Dim-6 operators contribute to EVV/Higgs physics.
Buchmuller & Wyler, NPB268, 62 1(1986)

A list of the dim-6 operators was presented.
80 op’s (for one generation) that respect B/L.

<

Grzadkowski, Iskrzynski, Misiak & Rosiek, J[HEP10, 085 (2010)
S-matrix elements have no contribution from particular
combinations of operators, which vanish by the EOMs.

. , Politzer (80
59 independent op’s oher 9
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Complete list of the dim-6 operators

x3 H® and H*D? P2 H3

O¢ fABCGAYGPPGSH || On (HTH)3 Ocrr (H"H)(LeH)

Og | fAPCGA*GPrPGSH || Opn | (HTH)O(H'H) Oun (H'H)(QuH)
Ow | EWIrw/ewKn | Oyp | (H'DFH)" (HID,H) || Oun (H'H)(QdH)
O | KWW IewKe

X2H? Y2XH Y2H?D
Ouc | I GAGH 6. | (Lorer HWL™ | [0F) (HTLBM H)(Ly*L)
Ops | (HTH)GA G § O.p (Lo e)HB,, 0%, | (H'D! H)(Lt'y*L)
— it

Ouw | (HTH)W, W § O,¢ (Qo**TAu)H G, OHe (H'iD,, H)(&v"e)

Opw | HH)WLWH [ Ouw | (QowuyrtHWL, ¥ 08h | (HYiD, H)(Q"Q)

Ouws | (H'H)BLB* [} Oup (Qo+*u)H B,, o), | (H'iD! H)(Qr'r*Q)

- f,

Ougi (H'H) B,,, B*¥ Oac (Qo*T4d)H G, OHu (HTig” H) (ay*u)
Ouws | (H'TTH)W/! B* |} Oaw (Qord)T"HW ], OHa (H'iD,, H)(dvy*d)
Onwp | (H'T'H) WJVBW \QgB (Qo**d)H B, OHud i(H'D, H)(ay"d)

EDMs, g-2 etc.
(LL)(LL) (RR)(RR) (LL)(RR)
Orr (LyuL)(Ly"L) Oece (Evue)(evte) Ore (LyuL)(&v*e)
05 (@7.Q)(Q7"Q) o (@) (@yPu) || Opu | (LyuL)(@yhu)
054 | (@WT'Q)(@Qy"r1Q) | Ouaa (dvud) (dy*d) Ora |  (LyuL)(dv"d)
oL (L7 L) (@ Q) Ocu @Evue) @y u) | Oge | (@VuQ)(Ev*e)
of) | T L) (@r1Q) | Oe @yue)(dyrd) | 0L | (QvuQ) (@ u)
oL (@ypu)(dyd) || OF) | (QruTAQ)(ay*T4u)
Of) | (@, TAuw)(dy*TAd) | ©05) |  (Q1.Q)(dv"d)
0% | (QruTAQ)(dv*T4d)
(LR)(RL) and (LR)(LR) B-violating

OLeao (Lie)(dQ?) Ouuo e*PVejy, [(d*)TCuP] [(QV)TCLF]

Oboaa |  (Quw)ejn(Qtd) Oqqu e [(Q%9)TCQ] [(u)TCe]

Obnqa | (QITAu)ejn(QFTAd) | Obhg e*Pejpemn [(Q%)TCQ] [(@™)TCLM]

Oau | (LFe)ein(Q u) Obaq | €PN (T7€) k(77 ) mn [(Q¥F)TC*] [(QT™)TCLM]

000 | (Liowe)en(Q o u) | Ouuu 2B [(d*)TCuP] [(u7)TCe]

32/40

Grzadkowski, Iskrzynski, Misiak & Rosiek (10)

® Consider |8 CP-even op’s
for EW and Higgs physics.

® To avoid dangerous FCNC,
we assume flavor universality.

(Alternatively, MFV may be assumed.)

® Other choices of the basis
are possible.

direct connections to observables
operator mixing in the RG running

See, e.g., Giudice et al. (07); Contino et al. (13)

Satoshi Mishima (KIAS)



Dim-6 contributions to EWPO

Ouwp = (H'T'H)W, B*"
Onp = (H'D*H)*(H'D,.H)
Orr = (L, L)(Ly*L)
0¥ = (H'i'DLH) (T r'+*L)
o), = (H'iD ,H)(IA*L)
oS, = (H' DLH)(Q'v*Q)
O\h = (H'i'D ,H)(Q"Q)
One = (H'i'D .H)(er"er)
Otre = (H'i'D  H) (ury ur)
Ona = (H' D ,H)(dry"dr)

— S parameter (W3-B mixing)

— T parameter (Mz)

— Fermi constant

 Left-handed Z f f

— Right-handed Z f f

® There are two flat directions in the fit. See eg Han & Skiba (05)

® switch on one operator at a time to avoid the flat
directions and accidental cancellations.
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Dim-6 contributions to Higgs physics

1/2

Lavv = (V2Gr)  Cuc GG h

1/2 1 -~ ~ 1
+ 2(\/§GF> M‘%V <1 — ZCHD + Cyo — 55GF>WZW“‘"L
1/2
---------------- +2(V2Gr)  CuwW*W},h
1/2 1 - s 1
-+ \/EGF M§<]—+ZCHD+CHD_§5GF>ZMZ“}L

(C%;VéHW Sis S%,VéHB P SWCWaHWB>ZuVZ“Uh
[2SWCW (éHW — éHB) — (C%,V — S%;V)éHWB} Z“,/F“Vh

(S%;VCAJ'HW Sis C%/VéHB — SWCWéHWB>FuuFth

1/2 1 -~ ~ 1 1 - _
ﬁhff = [— (\/iGF> mz; Opq (1 — ZCHD + Cyo — 55(;17) + 750;}3] ffflgh + h.c.

2My [ - 2My [ - . _
= (Chig = Ciry) Zu(@ y*us)h — =22 (Clzy + Cizy) Zu(dr v di)h

2M 5 2M
Z CHUZ”(ﬂR‘)/“"U,R)h — '1)2Z

Lhvaeg = —
6’HdZ“(ER7“dR)h

2Mzcw ~
% CHudW; (ury*dr)h + h.c.]

v2
4 [2\/§Mzcw

~(3 S
— CHLW (@ry*dr)h +
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Effective hgg coupling

Ouc = (H'H)G;, G4
Opp = (H'D*H)*(H'D, H)
Opyo = (HTH)O(HTH)
0% = (H'iDLH) (T +'y"L)
Oun = (H'H)(QurH)
Orr = (Lvu,L)(Ly*L)

(¥

V2my

SM 1 ~ 1 ~ 1 A Apv
Lhggeft = |pggem| 1 — ZCHD + Cyo — §5GF — Cimg | + ;CHG G, G"h

® hZ~ and h~vy~ are similar.
35/40 Satoshi Mishima (KIAS)



Higgs data

® We use the ATLAS/CMS (and
CDF/D0) data for the Higgs
signal strengths relative to the
SM expectations, which are
divided into different categories
to improve sensitivity to each
production mechanism

> .. €|lo X Br);

SM 1SM
; €5 o X Brj;

for one specific measurement

IJ,Z

Combined
u=1.00+0.14

H— vy (untagged)
H— vy (VBF tag)
H— vy (VH tag)
H— vy (ttH tag)
H— ZZ (0/1 jet)
H— ZZ (2 jets)
H— WW (0/1 jet)
H— WW (VBF tag)
H— WW (VH tag)
H— WW (itH tag)
H — <t (0/1 jet)

H — <t (VBF tag)
H — ©t (VH tag)

H — vt (ttH tag)
H— bb (VH tag)

19.7 b (8 TeV) + 5.1 fb' (7 TeV)

CMS

Poy = 0.84

1

=

m, =125 GeV

1 B

-

IR B

H— bb (ttH tag) | . .

4

-2

® We assume that the efficiencies of event selection

are similar to those in the SM. (This assumption is valid for
small deviations from the SM couplings, which do not modify kinematic

distributions significantly. )
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“The fits will be updated in our upcoming paper”

Fit results at 95% in units of 1/A% Tev—?

Only EW Only Higgs EW 4 Higgs
Ci/Az [TeV_Z] Cz/A2 [TeV_z] Cz/Az [TeV_z] _ T A Apv
Coefficient at 95% at 95% at 95% Onc = (H H)G”VG
Cuc - [—0.0077, 0.0066] | [—0.0077, 0.0066] Ouw = (HTH)W, W'
Cuw — [—0.039, 0.012] [—0.039, 0.012] R s
Cus — [—0.011, 0.003] | [—0.011, 0.003] Oup = (H'H)B,.B
Cuws | [—0.0082, 0.0030] | [—0.006, 0.020] | [—0.0063, 0.0039] Ouws = (HITTH)W! B*
Cup [—0.025, 0.004] [—4.0, 1.4] [—0.025, 0.004] ; I
Cun [—1.2, 2.0] [—1.2, 2.0] Oup = (H'D"H)"(H'D,H)
cih) [—0.005, 0.012] — [—0.005, 0.012] Oup = (H'H)O(H'H)
c® [—0.010, 0.005] [—1.2, 0.3] [—0.010, 0.005] oWn _ (HWB HY(TA L)
CHe [—0.015, 0.006] - [—0.015, 0.006] IéL IR
Chg [—0.026, 0.041] [—28, 15] (—0.026, 0.041] 0% = (H' DLH)(I+'y*L)
cs) [—0.011, 0.013] [—0.6, 2.2] [—0.011, 0.013] oN _ (1T ) (O~
Chiu [—0.067, 0.077] [—5, 11] [—0.067, 0.077] 1 = ( <_>"’ )(87 Q)
CHa [—0.14, 0.06] [—33, 15] [—0.14, 0.06] (’)Sg — (H'i DL H)@Qr'+*Q)
CHud — — — A= _
C.n — [—0.071, 0.024] || [—0.071, 0.024] One = (H'i D ,H)(erv"er)
Cun — [—0.50, 0.59] [—0.50, 0.59] — (H'D ) (et
Can — [—0.073, 0.078] | [—0.072, 0.078] Orru = ( ’(_)“ ) (1“”” ur)
CrL [—0.007, 0.019] [—0.7, 2.5] [—0.007, 0.019] Ong = (HYi D ,H)(dry"dRr)
gg — h (one-loop in the SM) Onua = i(H'D,H)(Gry"dR)
v Ocy = (H'H)(L erH)
Lnp = | —=Cug + -+ | G2 G**h O
AZ g Ourr = (H'H)(QurH)
h — ~~ (one-loop in the SM) Oun = (H'H)(Q dp H)
v > Orr = (Lvy,L)(Ly*L
Lnp = E(S%)VCHW + ¢, Cup — swewCraws) Fu, F* h £z = (L7 L) )

2

h — ff (suppressed by mf for light fermions in the SM) £, = % ¢, 7. fah + hec.

V2A2
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“The fits will be updated in our upcoming paper”

Lower bounds on the NP scale in TeV

Only EW Only Higgs EW 4 Higgs
A [TeV] A [TeV] A [TeV]
Coefficient Cz = —1 Cz =1 C,L = —1 C,L =1 Cz = —1 C,L =1

Cuc — — 11.4 12.3 11.4 12.3
Caw — — 5.1 9.1 5.1 9.1
Cup — — 9.6 17.2 9.6 17.2
Caws 11.1 18.4 12.5 7.1 12.6 15.9
Cup 6.3 15.4 0.5 0.8 6.3 15.5
Crr — — 0.9 0.7 0.9 0.7
cih) 14.8 9.2 — — 14.8 9.2
c® 9.8 14.8 0.9 1.7 9.8 14.9
CHe 8.2 12.8 — — 8.2 12.8
Cih 6.2 5.0 0.2 0.3 6.2 5.0
ce) 9.6 8.7 1.3 0.7 9.7 8.7
Cru 3.9 3.6 0.4 0.3 3.9 3.6
Crad 2.7 4.1 0.2 0.3 2.7 4.1
Crud — — — — — —
C.or — — 3.8 6.4 3.8 6.4
Cun — — 1.4 1.3 1.4 1.3
Can — — 3.7 3.6 3.7 3.6
CLL 12.0 7.3 1.2 0.6 12.0 7.3

EWPO and Higgs are complementary
to each other.

38/40

= (H'H)G
= (HTH)W, W'

= (H'H)B,,,B""

= (H'r"H)W; ,B"”

= (H'D*H)*(H'D,H)

= (H'H)O(H"H)

— (H''D ,H)(T~"L)

— (H'i' DL H)(T r'+*L)
= (H'i'D ,H)(@Q7"Q)

= (H'i DLH)(Q7*Q)

A Apv
qu

= _

= (H'i D ,H)(erv"er)
= _

= (H"i D ,H)(ury"ur)

i g —
Opa = (H'i D ,H)(dry"dR)
Onua = i(H' D, H)(ury"dRr)

OcH
Oun
Oan
OLL

= (H'H)(LerH)
= (H'H)(QurH)
= (H'H)(Q drH)
= (LyuL)(L~¥*L)
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Fits of multiple operators

® Adding more observables, one may perform a simultaneous
fit of the multiple operators that are relevant to the
processes under consideration, removing blind directions.

EWPO
Higgs-boson signal strengths

WW productions at LEP2
Di-boson production at the LHC

Kinematic distributions in V+H production at Tevatron/LHC

See, e.g,

J. Ellis,V. Sanz and T.You, JHEP 1407 (2014) 036 [arXiv:1404.3667];
JHEP 1503 (2015) 157 [arXiv:1410.7703]

A. Falkowski and F. Riva, JHEP 1502 (2015) 039 [arXiv:1411.0669]
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4. Summary

® We have been developing the SusyFit framework for
computing observables in given models and exploring
their parameter space.

® We have studied the model-independent constraints on
NP with the EWV precision and Higgs data.

® The constraints from the EVV precision and Higgs data
are complementary to each other.

® We will perform more physics analyses (incl. flavor,
MSSM, etc.) with SusyFit !
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Statistical approaches

® Frequentist:
model parameter: constant true value

data: random variables
68% confidence interval of a parameter:

The interval covers the true value with a probability of 68%.

® Bayesian: S L
L(Data|0) w(0)

[dé’ L(Data | 6) 7(6")

*

P(6|Data) =

model parameter: random variable |

68% credible interval: prior p.d.f. for parameters 6

The parameter is in the interval with a probability of 687%.
Satoshi Mishima (KIAS)



Configuration file

® A configuration file specifies the model, the constraints
on model parameters and observables used in the fit.

StandardModel
ModelParameter mtop 173.2 0.9 0.
ModelParameter mHlI 125.6 0.3 0.
Observable Mw Mw M {W} 80.3290 80.4064 MCMC weight 80.385 0.015 0.
Observable GammaW GammaW #Gamma_{W} 2.08569 2.09249 MCMC weight 2.085 0.042 0.
A A
output ranges data

Satoshi Mishima (KIAS)




Hadronic corrections to the EM coupling

® We adopt a conservative value:

Aa'®) (MZ) = 0.02750 + 0.00033

measured with inclusive processes.

Burkhardt & Pietrzyk (11)
(see also Davier et al(1 |); Hagiwara et al(1 1) ; Jegerlehner(1 1))

Note: Smaller uncertainty has been obtained if using exclusive
processes with pQCD:

5(Aa® (M2)) ~ £0.00010

but discrepancy has been observed between inclusive and exclusive
in low-energy data.

Satoshi Mishima (KIAS)



Measurements of the top pole mass

Tevatron + LHC combination Tevatron combination
1407.2682
1403.4427 Mass of the Top Quark
Tevatron+LHC m,,, combination - March 2014, L =35 fb'-8.7 fb July 2014 (* preliminary)
. ATLAS + CDF + CMS + DO Preliminary °
CLl?fgfji(lll, l+jets s @bt 172.85 + 1.12(0.52 = 0.49 + 0.86) CDF-I dilepton 167.40+11.41 (+10.30+ 4.90)
CLDZF;:QF'”’ dirlepton . P . ‘ 170.28 + 3.69 (1.95 +3.13) DG-1 dilect °
: _ -| dilepton
CDF Runil, all jets PP ——— 172.47 + 2.01(1.43 = 0.95 = 1.04) P 168.40£12.82 (+12.30 3.60)
COF Runll, EM*+jet N
Lﬁ&?:::' T e F— et 4 173.93 = 1.85(1.26 + 1.05 + 0.86) CDF-Il dilepton * 170.80+3.26 (£1.83+ 2.69)
DO Runll, ljets ——0—t— 174.94 + 1.50(0.83 = 0.47 = 1.16) :
DO Runil, lepton - o et 174.00 + 2.79 (236 = 055 = 1.39) D@-1l dilepton 174.00+2.80 (:236+ 1.49)
ALTM'-iif_O”' I+jets NP — 172.31+ 1.55(0.23 = 0.72 = 1.35) CDF-I lepton+jets ® 61047 36 (£5.10% 5.0
ATLAS 2011, di-lepton ————— 173.09 = 1.63(064  =1.50) A0S0 ERI0ER
=4 . , ———
CL'\:'i_gfi,”' I+jets NP 173.49 + 1.06 (0.27 = 0.33 = 0.97) DQJ-| lepton+jets 180.10+5.31 (+3.90+ 3.60)
CMS 2011, di-lepton PG 172.50 + 1.52 (0.43 + 1.46) COF-Il lentonsists e
0= . . +
CLM:ssf?bﬁ, all jets 173.49 = 1.41 0.69 - 1.2 P J 172.85+1.12 (+0.52+0.98)
| World comb. 2014 % 05 - 173.34 + 0.76 02720245 067) DO-II lepton+jets " 174.98 +0.76 (+0.41+ 0.63)
£ S Tevatron March 2013 (Run I+11) - ——i = 173.20 + 0.87 (0.51+0.36 = 0.61)
g8 CDF-I alljets Y
© O LHC September 2013 —— 173.29 + 0.95 (0.23 = 0.26 = 0.88) 186.00 £11.51 (£10.00+ 5.70)
o | | | totall (stat. syst.) . °
165 170 175 180 G \1/?5 CDF-Il alljets * 175.07+1.95 (+1.19+ 1.55)
mtop e @
CDF-Il track 166.90+9.43 (+9.00 + 2.82)
I g
C M S |ept0n +l etS CMS-PAS-TOP-14-001 CDF-Il MET+Jets 173.93+1.85 (+1.26+ 1.36)
o o
my = 172.04 == 0.19 = 0.75 GeV Tevatron combination 174342064 (20372052
y2/dof = 10.8/11 (46%)

CMS combination cms-ras-Top-14-015
150 160 170 180 190 200

m; = 172.38 2 0.10 £ 0.65 GeV M, (GeV/c?)
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Ambiguity in the top pole mass

® The measurements of the pole mass of the top quark at
Tevatron and LHC suffer from ambiguities:

M. Mangano at TOP201 3:

“All in all I believe that it is justified to assume that MC mass parameter is

interpreted as mpole within the ambiguity intrinsic in the definition of mpo,
thus at the level of ~250-500 MeV.”

$.0. Moch et al.,, 1405.4781 (report on the 2014 MITP scientific brogram):

“The uncertainty on the translation from the MC mass definition to a theoretically
well defined short-distance mass definition at a low scale is currently estimated
to be of the order of | GeV.” (There is an additional uncertainty originating from
the conversion of the short-distance mass to pole mass.)

5.0. Moch, 1408.6080:  Am, = 1982 GeV
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Ambiguity in the top pole mass
$.0. Moch, 1408.6080

Nonetheless, the MC mass definition can be translated to a theoretically well-defined short-distance mass
definition at a low scale with an uncertainty currently estimated to be of the order of 1 GeV, see [1,40]. This
translation uses the fact that multi-observable analyses like in [39] effectively assign a high statistical weight
to the invariant mass distribution of the reconstructed boosted top-quarks, because of the large sensitivity
of the system on the mass parameter, especially around the peak region.

The top-quark invariant mass distribution can be computed to higher orders in perturbative QCD, cf.,
Fig. 3, and its peak position can also be described in an effective theory approach based on a factorization [41,
42] into a hard, a soft non-perturbative and a universal jet function. Each of those functions depends in a
fully coherent and transparent way on the mass at a particular scale. The reconstructed top object largely
corresponds to the jet function which is governed byla shortedistance mass i 25 at the scale of the top
quark width T'y, see, e.g., [1,40]. This line of arguments allows one to systematically implement proper short-
distance mass schemes for the description of the MC mass in Eq. (5), which can then indeed be converted

to the pole mass.

Amg, =132 GeV (mMC — mMSR(3GeV)) + 0.50 GeV (my(my) — mP')

Satoshi Mishima (KIAS)



Individual constraints on the Higgs mass

indirect determination from the EVV fit:

my,, = 99.9 -

- I1|03
log, ,(my, [GeV])

- 26.6 GeV

J direct measurement at LHC (ATLAS & CMS):
v

® Mw gives the most
stringent constraint.

o ® Tension between
Al(SLD) and AFBb.
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Future prospect

— — - 66
> < 0.003 |
G 002 ey .
—_ - 50
= 0.0025 |
= -
© . !
- 30
Tevatron 0.01 0.0015 ¢
+LHC reach —» -
0.007 ot 20
ILC — 0.005 -
00005 .............................. 1 G
ILC —>»
0
80.34 80.36 80.38 80.4 80.42 0.145 0.15 0.155
Mw [GeV] A
S S
o L
< ©
© 0.002 0.0008
0.001 0.0004
0.0005 0.0002
ILC —»
0
0.096 0.098 0.1 0.102 0.104 0.215 0.216 0.217 0.218
0,b 0
ArB Rb
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EW chiral Lagrangian

80.45

Mw [GeV]
A[TeV]

80.4

80.35

® smaller Mw B smaller Kv

® Kv is tightly constrained for the scale compatible
with direct searches.

Satoshi Mishima (KIAS)



Indirect and direct contributions

Opp = (H'D*H)*(H'D,H)

92,04

16c3,

v

=2 (1424 )@y oum) +

4 v2

4h  6h%  4h3®  h?
Z“Z“(1+ + +—+—>

v v2 v3 v4

® Indirect contribution via input parameters:

2=z (14 % ¢
z — Mz sm +ﬁ HD

B contributes to EW/Higgs observables.

® Direct contribution:

M7

(¥

,UZ
Eeﬂ' — (1 —I— MCHD> Z“Zuh
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NP contributions

Ouc = (H'H)G,, G4

v

Operator

Kinetic terms

SM param’s

Direct contribution to interactions

— T I Ipv
Ouw = (H H)W], W*

WI

B

wW*B

Mz

v

Yy

WWYV

WS

zZff

hVV

hff

hVqq

46 Oup = (HTH)BMVBIW

Onc
Onw
Ouns
Ouws
Owup

v

v

L

NN AN

OHWB = (HTTIH)W:VB“’V
Oup = (H'D*H)*(H'D,H)
Ouno = (H'H)O(H'H)

L

LAl

L

LKL L

04, = (H'i'D ,H)(I+"L)
o) = (H'i DLH) (T +'+"L)
Ofip = (H'iD ,H)(@Qv"Q)
0%, = (H'iDLH)(@Qr'*Q)
One = (H'i'D ,H)(€ry"er)
Onw = (H''D  H) (@ry"ur)

= -
Opg = (H'i D ,H)(dgy"dRr)

Oud = i(I/:I/TDMH)(ﬁR’y“dR)
Oy = (H'H)(LerH)

=) derive NP contributions to observables. ~ ©w = (#'M(@uri)

Our = (H'H)(Q drH)
Orr = (Lvu.L)(L¥*L)
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Higgs production cross sections

g
102 rrrr[rrr o rrr [ r oot T[T T T T g Gluon fUSion ED 77777 H
. g

]
os

op — H (NNLO+NN

o(pp — H+X) [pb]
e}

\\

pp— ol (NNLO QCD + NLO EW)

q
EW)

—_
III|

op — WH (NNLO QCD + NLO

|

W/Z associated production
d/u q

pp — ZH (NNLO QCD + NLO EW)

I

10 =
e T T e T e T e sl
\s [TeV] u/d
Top associated production
. . g Toos00——— 1§ q t
® NP contributions to the cross .
sections have been calculated at [
tree level with MadGraph. gl —— 1 :

® QCD corrections have then been taken into account by
multiplying the corresponding K factors in the SM.
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Higgs branching ratios

7\ T T T T T ‘ ‘ T T T ‘ T T \72
1 =h
- =

gs BR + Total Uncert
3
B
a I -
N
|

- Hig(
o Q
T I I \\HH‘ I I
! ‘ 8
\

'4 | | | ‘ | | | ‘ | | | j | | l‘ llllll
1080 100 120 140 160 180 200
M,, [GeV]

® We use the formulae of NP contributions to
the branching ratios derived by Contino et al.
in a different operator basis (SILH basis), = Contino et al.(14)
applying basis transformation.

® NLO (NNNLO for H to gg) QCD corrections
have been included.
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