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Introduction

Particle physics after the LHC run 1:

We have found the Higgs

No (conclusive) evidence of new resonances

In general, no significant deviations in the data with respect to the 
SM predictions.

Indirect searches after the LHC run 1:

No hint of the nature of physics BSM⇒ Model Independent

Experimental data suggest that the new physics scale must be well 
above the EW scale ⇒ Effective Lagrangians
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Effective Lagrangian description of NP

The SM as an Effective Theory

General parametrization compatible with assumptions 

Provides an ordering principle (Power counting)

Provides (Lorentz & Gauge invariance) correlations between different 
types of observables

Low Energy observables:

Parity Violation: QW (133
55

Cs, 205

81

Tl), QW (e)(Møller)

⌫ scatt. : gV,A(⌫µe), g2

L,R(⌫µN)

CKM unitarity :
P

i |Vui|2

LEP 2 data:

�(e+e� ! `+`�, had), A`+`�
FB , d�e+e�!e+e�

d cos ✓

Higgs signal strengths:

H ! ��, ZZ, W+W�, bb̄, ⌧+⌧�

LHC Drell-Yan
�(pp ! `+`�)

3 E↵ective Lagrangian description of New Physics:
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Effective Lagrangian description of NP
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General parametrization compatible with assumptions

Low Energy observables:

Parity Violation: QW (133
55

Cs, 205

81

Tl), QW (e)(Møller)

⌫ scatt. : gV,A(⌫µe), g2

L,R(⌫µN)

CKM unitarity :
P

i |Vui|2

LEP 2 data:

�(e+e� ! `+`�, had), A`+`�
FB , d�e+e�!e+e�

d cos ✓

Higgs signal strengths:

H ! ��, ZZ, W+W�, bb̄, ⌧+⌧�

LHC Drell-Yan
�(pp ! `+`�)

3 E↵ective Lagrangian description of New Physics:

Equations

L
E↵

=
P1

d=4

1

⇤

d�4Ld = L
SM

+ 1

⇤

L
5

+ 1

⇤

2L6

+ · · · (2)

Ld =
P

i ↵
d
iOd

i (3)

⇥
Od

i

⇤
= d (4)

E ⌧ ⇤ (5)

4 New Particles

3

Low Energy observables:

Parity Violation: QW (133
55

Cs, 205

81

Tl), QW (e)(Møller)

⌫ scatt. : gV,A(⌫µe), g2

L,R(⌫µN)

CKM unitarity :
P

i |Vui|2

LEP 2 data:

�(e+e� ! `+`�, had), A`+`�
FB , d�e+e�!e+e�

d cos ✓

Higgs signal strengths:

H ! ��, ZZ, W+W�, bb̄, ⌧+⌧�

LHC Drell-Yan
�(pp ! `+`�)

3 E↵ective Lagrangian description of New Physics:

Equations

L
E↵

=
P1

d=4

1

⇤

d�4Ld = L
SM

+ 1

⇤

L
5

+ 1

⇤

2L6

+ · · · (2)

Ld =
P

i ↵
d
iOd

i (3)

⇥
Od

i

⇤
= d (4)

E ⌧ ⇤ (5)

4 New Particles

3

Model 1

Model 2...

Effective theory

Experimental Data

Limits on model 
parameters
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Effective Lagrangian description of NP
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Effective Lagrangian description of NP

The SM as an Effective Theory

Dimension 5: 1 operator

Dimension 6: 59 operators
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(Dimension 7: 20 operators                                            )
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Eff. Lag. description of NP in Higgs couplings

Effective Lagrangian for single Higgs prod. & decay (hVV interactions)
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Effective Lagrangian for single Higgs prod. & decay (hff interactions)

To dimension six these receive direct contributions from:

SUSY 2015
Lake Tahoe, Aug 27, 2015 
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Effective Lagrangian for single Higgs prod. & decay (hVff interactions)

To dimension six these receive direct contributions from
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Higgs observables also sensitive to other operators via indirect effects: 
NP corrections modifying the values of the SM input parameters

Example:         extracted from     decay. Modified by 

 Some “hVV” operators also enter in indirect corrections (via       ,       )    (                                                 )

SUSY 2015
Lake Tahoe, Aug 27, 2015 
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Indirect effects propagate to all EW observables
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Figure 1: Summary of the signal-strength measurements, as published, from individual analyses that are inputs
to the combinations. The Higgs boson mass column indicates the mH value at which the result is quoted. The
overall signal strength of each analysis (black) is the combined result of the measurements for di↵erent production
processes (blue) assuming SM values for their cross-section ratios. The error bars represent ±1� total uncertainties,
combining statistical and systematic contributions. The green shaded bands indicate the uncertainty on the overall
signal strength obtained by each analysis. The combined signal strength of the H ! �� analysis also includes the
ttH contribution which is listed separately under ttH production.

for VH production, targeting one-lepton, dilepton, Emiss
T , and hadronic signatures of W and Z boson

decays. Events from VBF production are identified by requiring two well-separated and high-pT jets and
little hadronic activity between them. A boosted decision tree (BDT) [50, 51] algorithm is employed to
maximise the VBF signal and background separation. Events are sorted into two categories with di↵erent
VBF purities according to the output value of the BDT. Finally, the remaining events are separated into
four categories based on the pseudorapidities of the photons and the pTt of the diphoton system [12], the
diphoton momentum transverse to its thrust axis in the transverse plane.
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Higgs signal strengths:

Calculations of cross-sections and decay widths
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Depend on the production mode. 
Encode effects from PDFs, ...

Computed using FR+Madgraph
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EWPD included in the analysis
Data Fit Indirect Pull

↵s(M2

Z) 0.1185±0.0005 0.1185±0.0005 0.1184±0.0028 �0.0

�↵(5)

had

(M2

Z) 0.02750±0.00033 0.02741±0.00026 0.02725±0.00042 �0.5
MZ[GeV] 91.1875±0.0021 91.1879±0.0020 91.199±0.011 +1.0
mt[GeV] 173.34±0.76 173.6±0.7 176.9±2.5 +1.3
mh[GeV] 125.09±0.24 125.09±0.24 97.40±25.59 �0.9

MW [GeV] 80.385±0.015 80.365±0.006 80.361±0.007 �1.4
�W [GeV] 2.085±0.042 2.0890±0.0005 2.0890±0.0005 +0.1
�Z[GeV] 2.4952±0.0023 2.4945±0.0004 2.4945±0.0004 �0.3
�0

h[nb] 41.540±0.037 41.488±0.003 41.488±0.003 �1.4
sin2 ✓lept

e↵

(Qhad

FB

) 0.2324±0.0012 0.23144±0.00009 0.23144±0.00009 �0.8
P pol

⌧ 0.1465±0.0033 0.1477±0.0007 0.1477±0.0007 +0.4
A`(SLD) 0.1513±0.0021 0.1477±0.0007 0.1472±0.0008 �1.9
Ac 0.670±0.027 0.6682±0.0003 0.6682±0.0003 �0.1
Ab 0.923±0.020 0.93466±0.00006 0.93466±0.00006 +0.6
A0,`

FB

0.0171±0.0010 0.0164±0.0002 0.0163±0.0002 �0.8
A0,c

FB

0.0707±0.0035 0.0740±0.0004 0.0740±0.0004 +0.9
A0,b

FB

0.0992±0.0016 0.1035±0.0005 0.1039±0.0005 +2.8
R0

` 20.767±0.025 20.752±0.003 20.752±0.003 �0.6
R0

c 0.1721±0.0030 0.17224±0.00001 0.17224±0.00001 +0.0
R0

b 0.21629±0.00066 0.21578±0.00003 0.21578±0.00003 �0.8

Table 1: SM fit.

Prediction ↵s(M2

Z) �↵(5)

had

(M2

Z) MZ mt

MW [GeV] 80.361±0.008 ±0.000 ±0.006 ±0.003 ±0.005
�W [GeV] 2.0887±0.0007 ±0.0002 ±0.0005 ±0.0002 ±0.0004
�Z [GeV] 2.4943±0.0005 ±0.0002 ±0.0003 ±0.0002 ±0.0002
�0

h[nb] 41.488±0.003 ±0.002 ±0.000 ±0.002 ±0.001
sin2 ✓lept

e↵

(Qhad

FB

) 0.23149±0.00012 ±0.00000 ±0.00012 ±0.00001 ±0.00002
P pol

⌧ 0.1473±0.0009 ±0.0000 ±0.0009 ±0.0001 ±0.0002
A`(SLD) 0.1473±0.0009 ±0.0000 ±0.0009 ±0.0001 ±0.0002
Ac 0.6680±0.0004 ±0.0000 ±0.0004 ±0.0001 ±0.0001
Ab 0.93464±0.00008 ±0.00000 ±0.00007 ±0.00001 ±0.00001
A0,`

FB

0.0163±0.0002 ±0.0000 ±0.0002 ±0.0000 ±0.0000
A0,c

FB

0.0738±0.0005 ±0.0000 ±0.0005 ±0.0001 ±0.0001
A0,b

FB

0.1033±0.0007 ±0.0000 ±0.0006 ±0.0001 ±0.0001
R0

` 20.752±0.004 ±0.003 ±0.002 ±0.000 ±0.000
R0

c 0.17223±0.00001 ±0.00001 ±0.00001 ±0.00000 ±0.00001
R0

b 0.21579±0.00003 ±0.00001 ±0.00000 ±0.00000 ±0.00003

Table 2: SM predictions computed using the theoretical expressions for EWPO without
the experimental constraints on the observables, and individual uncertainties associated
with each input parameter: ↵s(M2

Z) = 0.1185±0.0005, �↵
(5)
had(M

2
Z) = 0.02750±0.00033,

MZ = 91.1875±0.0021 GeV and mt = 173.34±0.76 GeV, where the uncertainty associated
to mh = 125.09±0.24 GeV is always negligible.
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The HEPfit code

Jorge de Blas
INFN- Sezione di Roma

SUSY 2015
Lake Tahoe, Aug 24, 2015 

Dim 6 Effective Lagrangian implemented as a model class within the 
HEPfit code (formerly know as SUSYfit):

General High Energy Physics fitting tool to combine indirect and 
direct searches of new physics (available under GPL on github)

Bayesian statistical analysis

Stand-alone and library modes to compute observables in a given 
model

Add your own models and observables as external modules

For technical description of the code see A. Paul’s talk on tuesday
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9.2 W , Z and f

68% 95% Correlations

W 0.98± 0.05 [0.88, 1.07] 1.00
Z 0.98± 0.12 [0.74, 1.22] 0.08 1.00
f 0.94± 0.10 [0.74, 1.14] 0.31 0.48 1.00

Table 12: SM-like solution in the fit of W , Z , and f to the Higgs-boson signal strengths.

Wκ
0.4 0.6 0.8 1 1.2

f
κ

1−

0

1

Zκ
0.6 0.8 1 1.2 1.4

f
κ

1−

0

1

Wκ
0.4 0.6 0.8 1 1.2

Z
κ

0.6

0.8

1

1.2

1.4

Figure 9: Two-dimensional probability distributions for W and f (left), for Z and f (center),
and for W and Z (right) at 68%, 95%, and 99% (darker to lighter), obtained from the fit to
the Higgs-boson signal strengths.
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Preliminary Results (Fit to Higgs signal strengths)



95% prob. Bounds on dim. 6 interactions
95% prob. bound on Ci

⇤2 [TeV�2]
Operator Only EW Only Higgs EW + Higgs

OHG

�
H†H

�
GA

µ⌫G
A µ⌫ — [�0.0051, 0.0092] [�0.0051, 0.0092]

OHW

�
H†H

�
W a

µ⌫W
a µ⌫ — [�0.034, 0.014] [�0.034, 0.014]

OHB

�
H†H

�
Bµ⌫B

µ⌫ — [�0.0087, 0.0040] [�0.0087, 0.0040]
OHWB

�
H†�aH

�
W a

µ⌫B
µ⌫ [�0.010, 0.004] [�0.008, 0.017] [�0.0073, 0.0053]

OHD

��H†DµH
��2 [�0.032, 0.005] [�1.1, 1.6] [�0.032, 0.005]

OH⇤
�
H†H

�
⇤
�
H†H

�
— [�1.4, 1.3] [�1.4, 1.3]

O(1)
Hl (H†i

$
DµH)

�
lL�

µlL
�

[�0.005, 0.012] — [�0.005, 0.012]

O(3)
Hl (H†i

$
Da

µH)
�
lL�

µ�alL
�

[�0.012, 0.006] [�0.47, 0.66] [�0.012, 0.006]
OHe (H†iDµH) (eR�

µeR) [�0.017, 0.005] — [�0.017, 0.005]

O(1)
Hq (H†i

$
DµH) (qL�

µqL) [�0.027, 0.041] [�2, 11] [�0.027, 0.041]

O(3)
Hq (H†i

$
Da

µH) (qL�
µ�aqL) [�0.011, 0.013] [�0.42, 0.05] [�0.012, 0.013]

OHu (H†i
$
DµH) (uR�

µuR) [�0.071, 0.077] [�4.6, 0.8] [�0.072, 0.076]

OHd (H†i
$
DµH)

�
dR�

µdR

�
[�0.14, 0.06] [�2, 14] [�0.14, 0.06]

OeH

�
H†H

� �
lLHeR

�
— [�0.027, 0.049] [�0.027, 0.049]

OuH

�
H†H

� ⇣
qLH̃uR

⌘
— [�0.62, 0.33] [�0.62, 0.33]

OdH

�
H†H

�
(qLHdR) — [�0.062, 0.059] [�0.062, 0.059]

Oll (l�µl)(l�µl) [�0.010, 0.022] [�1.3, 0.9] [�0.010, 0.022]

Table 1: Fit results for the coe�cients of the dimension six operators Ci/⇤2 in units of TeV�2

at 95% probability. The fit is performed switching on one operator at a time. Bounds from
only EWPO, only Higgs-boson signal strengths and the combined ones are shown separately.
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Table 1: Fit results for the coe�cients of the dimension six operators Ci/⇤2 in units of TeV�2

at 95% probability. The fit is performed switching on one operator at a time. Bounds from
only EWPO, only Higgs-boson signal strengths and the combined ones are shown separately.
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only EWPO, only Higgs-boson signal strengths and the combined ones are shown separately.
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Figure 1: EW vs. Higgs.
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95% prob. bound on ⇤ [TeV]
Only EW Only Higgs EW + Higgs

Operator Ci = �1 Ci = 1 Ci = �1 Ci = 1 Ci = �1 Ci = 1
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�
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�
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�
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� ⇣
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Oll (l�µl)(l�µl) 10.0 6.8 0.9 1.0 10.0 6.8

Table 2: Lower bounds on the NP scale ⇤ in units of TeV obtained by setting Ci = ±1.
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Table 1: Fit results for the coe�cients of the dimension six operators Ci/⇤2 in units of TeV�2

at 95% probability. The fit is performed switching on one operator at a time. Bounds from
only EWPO, only Higgs-boson signal strengths and the combined ones are shown separately.
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Figure 1: EW vs. Higgs.
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at 95% probability. The fit is performed switching on one operator at a time. Bounds from
only EWPO, only Higgs-boson signal strengths and the combined ones are shown separately.
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Figure 1: EW vs. Higgs.
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95% prob. Bounds on the New Physics scale
95% prob. bound on ⇤ [TeV]

Only EW Only Higgs EW + Higgs
Operator Ci = �1 Ci = 1 Ci = �1 Ci = 1 Ci = �1 Ci = 1

OHG

�
H†H

�
GA

µ⌫G
A µ⌫ — — 14.1 10.4 14.1 10.4

OHW

�
H†H

�
W a

µ⌫W
a µ⌫ — — 5.5 8.4 5.5 8.4

OHB

�
H†H

�
Bµ⌫B

µ⌫ — — 10.7 15.7 10.7 15.7
OHWB

�
H†�aH

�
W a

µ⌫B
µ⌫ 9.8 15.1 11.3 7.7 11.7 13.7

OHD

��H†DµH
��2 5.6 14.1 0.9 0.8 5.6 14.0

OH⇤
�
H†H

�
⇤
�
H†H

�
— — 0.8 0.9 0.8 0.9

O(1)
Hl (H†i

$
DµH)

�
lL�

µlL
�

14.1 9.3 — — 14.1 9.3

O(3)
Hl (H†i

$
Da

µH)
�
lL�

µ�alL
�

9.3 12.8 1.5 1.2 9.3 12.7
OHe (H†iDµH) (eR�

µeR) 7.7 13.6 — — 7.7 13.6

O(1)
Hq (H†i

$
DµH) (qL�

µqL) 6.0 5.0 0.7 0.3 6.0 5.0

O(3)
Hq (H†i

$
Da

µH) (qL�
µ�aqL) 9.4 8.7 1.5 4.4 9.2 8.9

OHu (H†i
$
DµH) (uR�

µuR) 3.8 3.6 0.5 1.1 3.7 3.6

OHd (H†i
$
DµH)

�
dR�

µdR

�
2.7 4.0 0.6 0.3 2.7 4.0

OeH

�
H†H

� �
lLHeR

�
— — 6.0 4.5 6.0 4.5

OuH

�
H†H

� ⇣
qLH̃uR

⌘
— — 1.3 1.7 1.3 1.7

OdH

�
H†H

�
(qLHdR) — — 4.0 4.1 4.0 4.1

Oll (l�µl)(l�µl) 10.0 6.8 0.9 1.0 10.0 6.8

Table 2: Lower bounds on the NP scale ⇤ in units of TeV obtained by setting Ci = ±1.
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Conclusions

Indirect searches are as relevant as ever after the Higgs discovery:
No hint of the possible nature of new physics

Focus on model-independent analyses ⇒ Effective Lagrangians

EWPO + Higgs signal strengths (final Run I data) can already test a large 
set of dimension 6 effective Lagrangian interactions:

Bounds on the NP scale in many cases beyond the LHC reach  
for                . Still accesible for small      .

Complementarity between EWPD & Higgs observables:
- Higgs data sensitive to interactions not seen by EWPD
- For the others, EWPD bounds usually dominate over the 8 TeV 
Higgs bounds

Observables and dim 6 SM EFT included within the framework of the 
HEPfit project
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1 Equations

SM Fit

f 2 quarks (1)

|Ci| ⇠ 1 (2)

Ci (3)

SM Indirect

O = OSM + �ONP�SM
v2

⇤2 (4)

Cd
i /⇤

d�4 (5)

Ld =
P

i C
d
i Oi (6)

[Oi] = d (7)

µ =
P

i wiri (8)

i = ggF, V BF, ZH, WH, tth (9)

ri =
[�⇥BR]i

[�SM⇥BRSM]i
(10)

wi =
✏i[�⇥BR]iP

j ✏j [�SM⇥BRSM]j
(11)

✏i ⇡ ✏SMi (12)

h ! �� (13)

h ! ZZ (14)

h ! W+W� (15)

h ! ⌧+⌧� (16)
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