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Introduction HEPfit Summary

SM seems to be the correct description
of most physics at LHC scales and below.

Yet, we know there is more to nature.
Which way to take from this point?
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Introduction HEPfit Summary

Theory calculations get more precise
and more complicated

We have a lot of experimental data to compare to,
but the comparison is not always trivial and model dependent

The more results we combine with a certain theory, the better we
can tell about the possible realisation of that theory.
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Four-loop quark mass and field renormalization in the on-shell scheme Peter Marquard

Representative Contribution of aµ

Feynman diagram
�2.1755±0.0020
�2.161±0.065
�2.176866027739540077443259355895893938670

0.05596±0.0001
0.077±0.031
0.056110899897828364831469274418908842233

�0.3162±0.0002
�0.3048±0.021
�0.316538390648940158843260382381513284828

�0.074665±0.000006
�0.07461±0.00008
�0.074671184326105513860159965722793126809
0.598838±0.000019
0.597204±0.0012
0.598842072031421820464649513201747727836

0.000876865858889990697913748939713726165
0.000876865858889990697913748939713726165
0.000876865858889990697913748939713726165

Table 1: The three numbers given in each row (from top to bottom) are taken from [20], our work [19], and
[21], respectively.

masses only. After multiplication with (a/p)4 we obtain for the three equations

(�5.44(35) +386.77(1.40)+0.12371(15)+0.182592(29))⇥10�11 [19, 22, 23, 24]

(�5.56894(245)+386.264(17) +0.12326(35)+0.18259(12))⇥10�11 [25]

(�5.56679893738506 . . .+ . . .)⇥10�11 [21]

The uncertainty of our result is about two orders of magnitudes larger than [25]. It is nevertheless
much smaller than the current and foreseen uncertainties from both experiment and the hadronic
contributions. This can be seen by considering the difference between the experimental result and
the Standard Model prediction which is given by (see, e.g., Ref. [25])

aµ(exp)�aµ(SM) ⇡ 250(90)⇥10�11 .

The uncertainty is about two orders of magnitude larger than our numerical uncertainty cited above.
This remains even true after applying the improvements by a factor 4. Thus, it can be claimed that
the four-loop contribution for aµ is cross-checked: There are three independent calculations for
the universal part and the electron and tau contributions have been computed by two independent
groups.

Let us finally remark on ae. The Standard Model prediction given in Ref. [21] reads

ae(SM) = 115965218.1664(23)(16)(763)⇥10�11 , (4.1)
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Introduction HEPfit Summary

Several codes on the market have one or more
of the following disadvantages:

Not public

Slow (no fit possible)
either due to sloppy implementation or external dependencies

Not flexible: only one model or one set of constraints
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Introduction HEPfit Summary

Our idea:

Write an open-source code which can combine all experimental
data and compare them to theory in a fit at best available
precision, in as many models as possbile.
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Introduction HEPfit Summary

General overview
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Introduction HEPfit Summary

Dependencies and Usage

C++ compiler

GSL, boost – numerical solutions to integration, algebra,
differential equations etc.

BAT – statistics

ROOT – graphical output of the results (histograms)

openMPI – only for parallelized fits

Once installed:

./analysis StandardModel.conf MonteCarlo.conf
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Introduction HEPfit Summary

StandardModel.conf

Model definition
(currently 35)
Parameter values

Observables and
predictions
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Introduction HEPfit Summary

Observable list
The release candidate 2 contains more than 1000 observables

HEPfit name Model(s) Comments
MtMSbar SM

Mw SM
GammaW SM
GammaZ SM

sigmaHadron SM
sin2thetaEff SM

PtauPol SM
Alepton SM
Acharm SM
Abottom SM

AFBlepton SM
AFBcharm SM
AFBbottom SM
Rlepton SM
Rcharm SM
Rbottom SM
ggHx SM x ∈ 7, 8, 13, 14, 100, 196; without x default is 8
VBFx SM x ∈ 7, 8, 13, 14, 100, 196; without x default is 8
WHx SM x ∈ 7, 8, 13, 14, 100; without x default is 8
ZHx SM x ∈ 7, 8, 13, 14, 100; without x default is 8
VHx SM x ∈ 7, 8, 13, 14, 100, 196; without x default is 8

ggH+ttHx SM x ∈ 8, 13, 14, 100; without x default is 8
VBF+VHx SM x ∈ 8, 13, 14, 100; without x default is 8
ttHx SM x ∈ 7, 8, 13, 14, 100, 196; without x default is 8
eeZHx SM x ∈ 240, 250, 500, 1000
eeWBFx SM x ∈ 250, 350, 500, 1000
eettHx SM x ∈ 500, 1000

BrHggRatio SM
BrHWWRatio SM
BrHZZRatio SM
BrHZgaRatio SM
BrHgagaRatio SM
BrHmumuRatio SM

BrHtautauRatio SM
BrHccRatio SM
BrHbbRatio SM
epsilonx SM x = 1, 2, 3, b

DmBd SM
DmBs SM,THDM

SJPsiK SM
Betas_JPsiPhi SM

EpsilonK SM
DmK SM
Vij SM i = u, c , t; j = d , s, b

alpha SM
alpha_2a SM
gamma SM
beta SM
betas SM

2betapgamma SM
s2beta SM
c2beta SM
CKM_rho SM
CKM_eta SM

sintheta12 SM
sintheta13 SM
sintheta23 SM
ckmdelta SM

J_CP SM
Rt SM
Rts SM
Rb SM

VtdoVts SM
Abslam_x SM x ∈ u, c, t, ud , cd , td , us, cs, ts
Relam_x SM x ∈ u, c, t, ud , cd , td , us, cs, ts
Imlam_x SM x ∈ u, c, t, ud , cd , td , us, cs, ts

BR_Bdmumu SM
BRbar_Bdmumu SM

Amumu_Bd SM
Smumu_Bd SM
BR_Bsmumu SM

BRbar_Bsmumu SM
Amumu_Bs SM
Smumu_Bs SM

BR_BdmumuOBR_Bsmumu SM

HEPfit name Model(s) Comments
BR_bsgamma SM
ACP_bsgamma SM
BR_bdgamma SM
ACP_bdgamma SM
BR_bqgamma SM
ACP_bqgamma SM
P_i_BdKstmu SM i ∈ 1, 2, 3, 4p, 5p, 6p, 8p
P_i_BdKste SM i ∈ 1, 2, 3

Gammap_BdKstmu SM
A_FB_BdKstmu SM
BR_BdKstmu SM
BR_BdKste SM

RKst_BdKstll SM
RKstL_BdKstll SM
RKstT_BdKstll SM
R6_BdKstll SM
ACP_BdKstmu SM
P3CP_BdKstmu SM
F_L_BdKstmu SM
F_L_BdKste SM
M_i_BdKstmu SM i ∈ 1p, 2p
S_i_BdKstmu SM i ∈ 3, 4, 5, 7, 8, 9
A_i_BdKstmu SM i ∈ 6, 9
P_if_BdKstmu SM i ∈ 1, 2, 3, 4p, 5p, 6p, 8p

Gammapf_BdKstmu SM
BRf_BdKstmu SM

A_FBf_BdKstmu SM
F_Lf_BdKstmu SM
S_if_BdKstmu SM i ∈ 3, 4, 5, 7, 8, 9
P_relationf SM

P_relation_exactf SM
Vx_BdKstmu SM x ∈ 0, p,m
Tx_BdKstmu SM x ∈ 0, p,m
S_BdKstmu SM

QCDfC9_if_BdKstmu SM i ∈ 1, 2, 3
QCDfC9p_if_BdKstmu SM i ∈ 1, 2, 3
Regtilde_i_BdKstmu SM i ∈ 1, 2, 3
Imgtilde_i_BdKstmu SM i ∈ 1, 2, 3
Absgtilde_i_BdKstmu SM i ∈ 1, 2, 3
Arggtilde_i_BdKstmu SM i ∈ 1, 2, 3

Reh_x_BdKstmu SM x ∈ 0, p,m
Imh_x_BdKstmu SM x ∈ 0, p,m
Absh_x_BdKstmu SM x ∈ 0, p,m
Argh_x_BdKstmu SM x ∈ 0, p,m
A_FB_BpKstmu SM
F_L_BpKstmu SM
BR_BpKstmu SM

BR_BKstgamma SM
C_BKstgamma SM
S_BKstgamma SM

ADG_BKstgamma SM
DC7_i SM i ∈ 1, 2

AbsDC7_x SM x ∈ L,R
ReDC7_x SM x ∈ L,R
ImDC7_x SM x ∈ L,R
hp0_hm0 SM

BR_BpKstgamma SM
P_i_Bsphimu SM i ∈ 1, 2, 3, 4p, 5p, 6p, 8p

Gammap_Bsphimu SM
A_FB_Bsphimu SM
BR_Bsphimu SM

Rphi_Bsphill SM
RphiL_Bsphill SM
RphiT_Bsphill SM
R6_Bsphill SM
ACP_Bsphimu SM
P3CP_Bsphimu SM
F_L_Bsphimu SM
M_i_Bsphimu SM i ∈ 1p, 2p
S_i_Bsphimu SM i ∈ 3, 4, 5, 7, 8, 9
A_i_Bsphimu SM i ∈ 6, 9

BR_Bsphigamma SM
C_Bsphigamma SM
S_Bsphigamma SM

ADG_Bsphigamma SM
BR_BKmu SM
BR_BKe SM
RK_BKll SM
btaunu SM,THDM

HEPfit name Model(s) Comments
mu_e_gamma SUSY
log_meg SUSY

tau_mu_gamma SUSY
log_tmg SUSY

tau_e_gamma SUSY
log_teg SUSY
mu_3e SUSY

tau_3mu SUSY
tau_3e SUSY

gminus2_mu SUSY
Robs_mu_e_gamma SUSY

Robs_tau_mu_gamma SUSY
Robs_tau_mu_gamma_BelleII SUSY

Robs_tau_e_gamma SUSY
deltaLLi_f SUSY i = 1, 2, 3, f = q, l
deltaRL_ij_u SUSY ij = 12, 13, 23
deltaRL_ij_e SUSY ij = 12, 13, 23, 21, 31, 32
deltaRRi_f SUSY i = 1, 2, 3, f = u, d , e

CCBfij SUSY f = u, d , e, ij = 11, 22, 33, 12, 13, 23
MHl SUSY
MHh SUSY
MHa SUSY
MHp SUSY
Msfi SUSY f = u, d , l , i = 1, 2, 3, 4, 5, 6
Msnui SUSY i = 1, 2, 3
Mchi SUSY i = 1, 2

Msneui SUSY i = 1, 2, 3, 4
Mw_dRho SUSY
mHl_THDM THDM

mHh THDM
mA THDM
mHp THDM

mHlmmA THDM
mAmmHl THDM
mHlmmHp THDM
mHpmmHl THDM
mHhmmA THDM
mAmmHh THDM
mHhmmHp THDM
mHpmmHh THDM
mAmmHp THDM
mHpmmA THDM
mii_2 THDM ii = 11, 22

lambdai THDM i = 1, 2, 3, 4, 5
lambda345 THDM

g_hhh THDM
g_hhHh THDM
g_hHhHh THDM
g_HhHhHh THDM
g_hAA THDM
g_HhAA THDM
g_hHpHm THDM
g_HhHpHm THDM
Yi_THDM THDM i = 1, 2, 3
Zi_THDM THDM i = 1, 2, 3, 4, 5, 6, 7
xin_THDM THDM n = 0, 1, 3
etax_THDM THDM x = 00, 3
Eii_THDM THDM ii = 11, 22, 33
HHlambdai THDM i = 1, 2, 3, 4, 5, 6

Q_st THDM
DeltaQ_THDM THDM

giatQ THDM i = 1, 2, 3
YtopatQ THDM

YbottomatQ THDM
YtauatQ THDM
mij_2atQ THDM ij = 11, 22, 12

lambdaiatQ THDM i = 1, 2, 3, 4, 5
positivityi THDM i = 1, 2

globalminimum THDM
unitarityi THDM i = {1 . . . 12}

unitaritya1σodd THDM σ = 0, 1
unitaritya1σoddRe THDM σ = 0, 1
unitaritya1σoddIm THDM σ = 0, 1
unitarityaY σZ2s THDM Y σ = 00, 01, 11, Z2 = odd , even, s = p,m

unitarityaY σZ2sRe THDM Y σ = 00, 01, 11, Z2 = odd , even, s = p,m
unitarityaY σZ2sIm THDM Y σ = 00, 01, 11, Z2 = odd , even, s = p,m

unitarityRpi THDM i = 1, 2, 3, 4, 5, 6, 9, 10, 13, 14, 19, 20
unitarityRi THDM i = 1, 2, 3, 4, 5, 6, 9, 10, 13, 14, 19, 20

ggF_tth_htobb THDM
ggF_tth_htoWW THDM

ggF_tth_htotautau THDM
ggF_tth_htoZZ THDM

ggF_tth_htogaga THDM
VBF_Vh_htobb THDM
VBF_Vh_htoWW THDM

VBF_Vh_htotautau THDM
VBF_Vh_htoZZ THDM

VBF_Vh_htogaga THDM
Gamma_h_THDM THDM
rh_gaga_THDM THDM
rh_gg_THDM THDM

HEPfit name Model(s) Comments
Robs_Bσ THDM Bσ ∈ ggF_H_tautau_ATLAS,

ggF_H_tautau_CMS,
bbF_H_tautau_ATLAS,
bbF_H_tautau_CMS,
pp_H_gaga_ATLAS,
ggF_H_gaga_CMS,
mu_pp_H_VV_CMS,
ggF_H_ZZ_ATLAS,
VBF_H_ZZ_ATLAS,
ggF_H_WW_ATLAS,
VBF_H_WW_ATLAS,
ggF_H_hh_ATLAS,
pp_H_hh_CMS,
ggF_H_hh_bbtautau_CMS,
pp_H_hh_bbbb_CMS,
pp_H_hh_gagabb_CMS,
ggF_H_tt_ATLAS,
bbF_H_bb_CMS

log10_Bσ THDM Bσ ∈ ggF_H_tautau_TH,
bbF_H_tautau_TH,
pp_H_gaga_TH,
ggF_H_gaga_TH,
mu_pp_H_VV_TH,
ggF_H_ZZ_TH,
VBF_H_ZZ_TH,
ggF_H_WW_TH,
VBF_H_WW_TH,
ggF_H_hh_TH,
pp_H_hh_TH,
ggF_H_hh_bbtautau_TH,
pp_H_hh_bbbb_TH,
pp_H_hh_gagabb_TH,
ggF_H_tt_TH,
bbF_H_bb_TH

Gamma_HH_THDM THDM
rHH_gg_THDM THDM

BR_HH_hh_THDM THDM
BR_HH_AA_THDM THDM

BR_HH_HpHm_THDM THDM
BR_HH_AZ_THDM THDM
BR_HH_HpW_THDM THDM

Robs_Bσ THDM Bσ ∈ ggF_A_tautau_ATLAS,
ggF_A_tautau_CMS,
bbF_A_tautau_ATLAS,
bbF_A_tautau_CMS,
pp_A_gaga_ATLAS,
ggF_A_gaga_CMS,
pp_A_Zga_llga_CMS,
ggF_A_hZ_bbll_CMS,
ggF_A_hZ_bbZ_ATLAS,
ggF_A_hZ_tautaull_CMS,
ggF_A_hZ_tautauZ_ATLAS,
ggF_A_tt_ATLAS,
bbF_A_bb_CMS

log10_Bσ THDM Bσ ∈ ggF_A_tautau_TH,
bbF_A_tautau_TH,
pp_A_gaga_TH,
ggF_A_gaga_TH,
pp_A_Zga_llga_TH,
ggF_A_hZ_bbll_TH,
ggF_A_hZ_bbZ_TH,
ggF_A_hZ_tautaull_TH,
ggF_A_hZ_tautauZ_TH,
ggF_A_tt_TH,
bbF_A_bb_TH

Gamma_A_THDM THDM
rA_gg_THDM THDM

BR_A_HZ_THDM THDM
BR_A_hZ_THDM THDM
BR_A_HpW_THDM THDM

DeltaS THDM
DeltaT THDM
DeltaU THDM

B_BtoXsgammaTHDM THDM Interpolation of tabled values

EWPO

Higgs

Flav
our

Flav
our

SUSY

2HDM
2HDM
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J_CP SM
Rt SM
Rts SM
Rb SM

VtdoVts SM
Abslam_x SM x ∈ u, c, t, ud , cd , td , us, cs, ts
Relam_x SM x ∈ u, c, t, ud , cd , td , us, cs, ts
Imlam_x SM x ∈ u, c, t, ud , cd , td , us, cs, ts

BR_Bdmumu SM
BRbar_Bdmumu SM

Amumu_Bd SM
Smumu_Bd SM
BR_Bsmumu SM

BRbar_Bsmumu SM
Amumu_Bs SM
Smumu_Bs SM

BR_BdmumuOBR_Bsmumu SM

HEPfit name Model(s) Comments
BR_bsgamma SM
ACP_bsgamma SM
BR_bdgamma SM
ACP_bdgamma SM
BR_bqgamma SM
ACP_bqgamma SM
P_i_BdKstmu SM i ∈ 1, 2, 3, 4p, 5p, 6p, 8p
P_i_BdKste SM i ∈ 1, 2, 3

Gammap_BdKstmu SM
A_FB_BdKstmu SM
BR_BdKstmu SM
BR_BdKste SM

RKst_BdKstll SM
RKstL_BdKstll SM
RKstT_BdKstll SM
R6_BdKstll SM
ACP_BdKstmu SM
P3CP_BdKstmu SM
F_L_BdKstmu SM
F_L_BdKste SM
M_i_BdKstmu SM i ∈ 1p, 2p
S_i_BdKstmu SM i ∈ 3, 4, 5, 7, 8, 9
A_i_BdKstmu SM i ∈ 6, 9
P_if_BdKstmu SM i ∈ 1, 2, 3, 4p, 5p, 6p, 8p

Gammapf_BdKstmu SM
BRf_BdKstmu SM

A_FBf_BdKstmu SM
F_Lf_BdKstmu SM
S_if_BdKstmu SM i ∈ 3, 4, 5, 7, 8, 9
P_relationf SM

P_relation_exactf SM
Vx_BdKstmu SM x ∈ 0, p,m
Tx_BdKstmu SM x ∈ 0, p,m
S_BdKstmu SM

QCDfC9_if_BdKstmu SM i ∈ 1, 2, 3
QCDfC9p_if_BdKstmu SM i ∈ 1, 2, 3
Regtilde_i_BdKstmu SM i ∈ 1, 2, 3
Imgtilde_i_BdKstmu SM i ∈ 1, 2, 3
Absgtilde_i_BdKstmu SM i ∈ 1, 2, 3
Arggtilde_i_BdKstmu SM i ∈ 1, 2, 3

Reh_x_BdKstmu SM x ∈ 0, p,m
Imh_x_BdKstmu SM x ∈ 0, p,m
Absh_x_BdKstmu SM x ∈ 0, p,m
Argh_x_BdKstmu SM x ∈ 0, p,m
A_FB_BpKstmu SM
F_L_BpKstmu SM
BR_BpKstmu SM

BR_BKstgamma SM
C_BKstgamma SM
S_BKstgamma SM

ADG_BKstgamma SM
DC7_i SM i ∈ 1, 2

AbsDC7_x SM x ∈ L,R
ReDC7_x SM x ∈ L,R
ImDC7_x SM x ∈ L,R
hp0_hm0 SM

BR_BpKstgamma SM
P_i_Bsphimu SM i ∈ 1, 2, 3, 4p, 5p, 6p, 8p

Gammap_Bsphimu SM
A_FB_Bsphimu SM
BR_Bsphimu SM

Rphi_Bsphill SM
RphiL_Bsphill SM
RphiT_Bsphill SM
R6_Bsphill SM
ACP_Bsphimu SM
P3CP_Bsphimu SM
F_L_Bsphimu SM
M_i_Bsphimu SM i ∈ 1p, 2p
S_i_Bsphimu SM i ∈ 3, 4, 5, 7, 8, 9
A_i_Bsphimu SM i ∈ 6, 9

BR_Bsphigamma SM
C_Bsphigamma SM
S_Bsphigamma SM

ADG_Bsphigamma SM
BR_BKmu SM
BR_BKe SM
RK_BKll SM
btaunu SM,THDM

HEPfit name Model(s) Comments
mu_e_gamma SUSY
log_meg SUSY

tau_mu_gamma SUSY
log_tmg SUSY

tau_e_gamma SUSY
log_teg SUSY
mu_3e SUSY

tau_3mu SUSY
tau_3e SUSY

gminus2_mu SUSY
Robs_mu_e_gamma SUSY

Robs_tau_mu_gamma SUSY
Robs_tau_mu_gamma_BelleII SUSY

Robs_tau_e_gamma SUSY
deltaLLi_f SUSY i = 1, 2, 3, f = q, l
deltaRL_ij_u SUSY ij = 12, 13, 23
deltaRL_ij_e SUSY ij = 12, 13, 23, 21, 31, 32
deltaRRi_f SUSY i = 1, 2, 3, f = u, d , e

CCBfij SUSY f = u, d , e, ij = 11, 22, 33, 12, 13, 23
MHl SUSY
MHh SUSY
MHa SUSY
MHp SUSY
Msfi SUSY f = u, d , l , i = 1, 2, 3, 4, 5, 6
Msnui SUSY i = 1, 2, 3
Mchi SUSY i = 1, 2

Msneui SUSY i = 1, 2, 3, 4
Mw_dRho SUSY
mHl_THDM THDM

mHh THDM
mA THDM
mHp THDM

mHlmmA THDM
mAmmHl THDM
mHlmmHp THDM
mHpmmHl THDM
mHhmmA THDM
mAmmHh THDM
mHhmmHp THDM
mHpmmHh THDM
mAmmHp THDM
mHpmmA THDM
mii_2 THDM ii = 11, 22

lambdai THDM i = 1, 2, 3, 4, 5
lambda345 THDM

g_hhh THDM
g_hhHh THDM
g_hHhHh THDM
g_HhHhHh THDM
g_hAA THDM
g_HhAA THDM
g_hHpHm THDM
g_HhHpHm THDM
Yi_THDM THDM i = 1, 2, 3
Zi_THDM THDM i = 1, 2, 3, 4, 5, 6, 7
xin_THDM THDM n = 0, 1, 3
etax_THDM THDM x = 00, 3
Eii_THDM THDM ii = 11, 22, 33
HHlambdai THDM i = 1, 2, 3, 4, 5, 6

Q_st THDM
DeltaQ_THDM THDM

giatQ THDM i = 1, 2, 3
YtopatQ THDM

YbottomatQ THDM
YtauatQ THDM
mij_2atQ THDM ij = 11, 22, 12

lambdaiatQ THDM i = 1, 2, 3, 4, 5
positivityi THDM i = 1, 2

globalminimum THDM
unitarityi THDM i = {1 . . . 12}

unitaritya1σodd THDM σ = 0, 1
unitaritya1σoddRe THDM σ = 0, 1
unitaritya1σoddIm THDM σ = 0, 1
unitarityaY σZ2s THDM Y σ = 00, 01, 11, Z2 = odd , even, s = p,m

unitarityaY σZ2sRe THDM Y σ = 00, 01, 11, Z2 = odd , even, s = p,m
unitarityaY σZ2sIm THDM Y σ = 00, 01, 11, Z2 = odd , even, s = p,m

unitarityRpi THDM i = 1, 2, 3, 4, 5, 6, 9, 10, 13, 14, 19, 20
unitarityRi THDM i = 1, 2, 3, 4, 5, 6, 9, 10, 13, 14, 19, 20

ggF_tth_htobb THDM
ggF_tth_htoWW THDM

ggF_tth_htotautau THDM
ggF_tth_htoZZ THDM

ggF_tth_htogaga THDM
VBF_Vh_htobb THDM
VBF_Vh_htoWW THDM

VBF_Vh_htotautau THDM
VBF_Vh_htoZZ THDM

VBF_Vh_htogaga THDM
Gamma_h_THDM THDM
rh_gaga_THDM THDM
rh_gg_THDM THDM

HEPfit name Model(s) Comments
Robs_Bσ THDM Bσ ∈ ggF_H_tautau_ATLAS,

ggF_H_tautau_CMS,
bbF_H_tautau_ATLAS,
bbF_H_tautau_CMS,
pp_H_gaga_ATLAS,
ggF_H_gaga_CMS,
mu_pp_H_VV_CMS,
ggF_H_ZZ_ATLAS,
VBF_H_ZZ_ATLAS,
ggF_H_WW_ATLAS,
VBF_H_WW_ATLAS,
ggF_H_hh_ATLAS,
pp_H_hh_CMS,
ggF_H_hh_bbtautau_CMS,
pp_H_hh_bbbb_CMS,
pp_H_hh_gagabb_CMS,
ggF_H_tt_ATLAS,
bbF_H_bb_CMS

log10_Bσ THDM Bσ ∈ ggF_H_tautau_TH,
bbF_H_tautau_TH,
pp_H_gaga_TH,
ggF_H_gaga_TH,
mu_pp_H_VV_TH,
ggF_H_ZZ_TH,
VBF_H_ZZ_TH,
ggF_H_WW_TH,
VBF_H_WW_TH,
ggF_H_hh_TH,
pp_H_hh_TH,
ggF_H_hh_bbtautau_TH,
pp_H_hh_bbbb_TH,
pp_H_hh_gagabb_TH,
ggF_H_tt_TH,
bbF_H_bb_TH

Gamma_HH_THDM THDM
rHH_gg_THDM THDM

BR_HH_hh_THDM THDM
BR_HH_AA_THDM THDM

BR_HH_HpHm_THDM THDM
BR_HH_AZ_THDM THDM
BR_HH_HpW_THDM THDM

Robs_Bσ THDM Bσ ∈ ggF_A_tautau_ATLAS,
ggF_A_tautau_CMS,
bbF_A_tautau_ATLAS,
bbF_A_tautau_CMS,
pp_A_gaga_ATLAS,
ggF_A_gaga_CMS,
pp_A_Zga_llga_CMS,
ggF_A_hZ_bbll_CMS,
ggF_A_hZ_bbZ_ATLAS,
ggF_A_hZ_tautaull_CMS,
ggF_A_hZ_tautauZ_ATLAS,
ggF_A_tt_ATLAS,
bbF_A_bb_CMS

log10_Bσ THDM Bσ ∈ ggF_A_tautau_TH,
bbF_A_tautau_TH,
pp_A_gaga_TH,
ggF_A_gaga_TH,
pp_A_Zga_llga_TH,
ggF_A_hZ_bbll_TH,
ggF_A_hZ_bbZ_TH,
ggF_A_hZ_tautaull_TH,
ggF_A_hZ_tautauZ_TH,
ggF_A_tt_TH,
bbF_A_bb_TH

Gamma_A_THDM THDM
rA_gg_THDM THDM

BR_A_HZ_THDM THDM
BR_A_hZ_THDM THDM
BR_A_HpW_THDM THDM

DeltaS THDM
DeltaT THDM
DeltaU THDM

B_BtoXsgammaTHDM THDM Interpolation of tabled values

EWPO

Higgs

Flav
our

Flav
our

SUSY

2HDM
2HDM
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Introduction HEPfit Summary

Standard Model

Full flexibility in the Standard Model:

3 gauge couplings: g1, g2, g3 (or ∆α
(5)
had, MZ , αs)

mh and λ (or v or GF )

9 fermion masses: mu, md , ms , mc , mb, mt , me , mµ, mτ

λ, A, ρ, η (or θ12, θ13, θ23, and δ)

18 (real) parameters

Otto Eberhardt HEPfit 10 / 18



Introduction HEPfit Summary

Standard Model – observables

Many flavour and electroweak observables

Figure 1. Results of the full fit and experimental results for the B ! K⇤µ+µ� angular observables.
Here and in the following, we use darker (lighter) colours for the 68% (95%) probability regions.
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[GeV]WM
80.2 80.25 80.3 80.35 80.4

le
pt

ef
f

θ2
si

n

0.231

0.232

0.233

0.234

HEP fit

68% and 95% probability contours
ZΓ, and 

H
), meffθ(2, sinWFit without M

H
), and meffθ(2, sinWFit without M

)effθ(2 and sinWFit without M
Full Fit
Experimental measurements

[GeV]WM
80.3 80.4

[G
eV

]
t

m

150

200

250

HEP fit

68% and 95% probability contours
H

, and mt, mWFit without M

t and mWFit without M
Full Fit
Experimental measurements

Figure 2. Left: Comparison of the indirect constraints on sin2 ✓lept
e↵ and MW with the direct

experimental measurements. Dark (light) regions correspond to 68% (95%) probability. Right:

The same for mt and MW .

Prediction ↵s �↵
(5)
had MZ mt

MW [GeV] 80.3618 ± 0.0080 ±0.0008 ±0.0060 ±0.0026 ±0.0046

�W [GeV] 2.08849 ± 0.00079 ±0.00048 ±0.00047 ±0.00021 ±0.00036

�Z [GeV] 2.49403 ± 0.00073 ±0.00059 ±0.00031 ±0.00021 ±0.00017

�0
h [nb] 41.4910 ± 0.0062 ±0.0059 ±0.0005 ±0.0020 ±0.0005

sin2 ✓lept
e↵ 0.23148 ± 0.00012 ±0.00000 ±0.00012 ±0.00002 ±0.00002

P pol
⌧ = A` 0.14731 ± 0.00093 ±0.00003 ±0.00091 ±0.00012 ±0.00019

Ac 0.66802 ± 0.00041 ±0.00001 ±0.00040 ±0.00005 ±0.00008

Ab 0.934643 ± 0.000076 ±0.000003 ±0.000075 ±0.000010 ±0.000005

A0,`
FB 0.01627 ± 0.00021 ±0.00001 ±0.00020 ±0.00003 ±0.00004

A0,c
FB 0.07381 ± 0.00052 ±0.00002 ±0.00050 ±0.00007 ±0.00010

A0,b
FB 0.10326 ± 0.00067 ±0.00002 ±0.00065 ±0.00008 ±0.00013

R0
` 20.7478 ± 0.0077 ±0.0074 ±0.0020 ±0.0003 ±0.0003

R0
c 0.172222 ± 0.000026 ±0.000023 ±0.000007 ±0.000001 ±0.000009

R0
b 0.215800 ± 0.000030 ±0.000013 ±0.000004 ±0.000000 ±0.000026

Table 2. SM predictions computed using the theoretical expressions for the EWPO without the

corresponding experimental constraints, and individual uncertainties associated with each input

parameter, except for mH (see text).

measurements and the result of the SM precision fit. Care must be taken when interpreting

this as a possible hint of NP, for deviations at this level (⇠ 2�) are likely to occur when

fitting this many observables. Having this in mind, this anomaly will be taken into account

in exploring possible parameterizations of NP e↵ects in section 4.

– 6 –

[Ciuchini et al. ’15] [de Blas et al. ’16]
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Introduction HEPfit Summary

Generic SM extensions in HEPfit

between the SM and R0
b results in a preferred value of �gb

L consistent with the SM at the

2� level, a sizeable contribution to �gb
R is required to explain the A0,b

FB, and the resulting

95% probability region in the �gb
L-�gb

R plane is only marginally compatible with the SM

predictions.

Result Correlation Matrix

�gb
R 0.016 ± 0.006 1.00

�gb
L 0.002 ± 0.001 0.90 1.00

�gb
V 0.018 ± 0.007 1.00

�gb
A �0.013 ± 0.005 �0.98 1.00

Table 8. Results of the fit for the shifts in the Zbb̄ couplings.

b
L

 gδ
0.02− 0 0.02 0.04 0.06

b R
 gδ

0.02−

0
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0.06
all

b
0R
0,b
FBA

bA

HEP fit

b
V

 gδ
0 0.02 0.04

b A
 gδ

0.02−

0

0.02 68% Probability
95% Probability
99% Probability

HEP fit

Figure 5. Two-dimensional probability distributions for �gb
R, �gb

L (left), and �gb
V , �gb

A (right). In

the left plot, the dark (light) regions correspond to 68% (95%) probability regions.

4.3 Modified Zbb̄ couplings and oblique corrections

In several extensions of the SM, oblique corrections and modifications of the Zbb̄ vertex

occur simultaneously, possibly a↵ecting only a specific chirality of the vertex (see for ex-

ample refs. [38, 39]). We therefore consider the following cases: oblique contributions with

i) �gb
L and �gb

R, ii) �gb
L only and iii) �gb

R only. The corresponding results are presented in

table 9.

5 Constraints on Higgs-boson couplings

In addition to the standard set of EWPO, we have considered all most recent measurements

of Higgs-boson signal strengths, i.e. the ratio between the measured e↵ective cross section

and the corresponding SM prediction (µ ⌘ �/�SM), taken from refs. [40, 41] for H ! ��,

– 13 –
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asymmetries
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Figure 3. Two-dimensional probability distributions for the oblique parameters S and T (upper-

left panel), and T and U (upper-right panel). From darker to lighter the di↵erent regions correspond

respectively to 68%, 95%, and 99% probability. In the lower panel we show the two-dimensional

distributions for S and T fixing U = 0, together with the individual constraints from MW , the

asymmetry parameters sin2 ✓lept
e↵ , P pol

⌧ , Af , and A0,f
FB with f = `, c, b, and �Z . In this last plot the

dark (light) region corresponds to 68% (95%) probability.

the SM. Note that, as mentioned above, the �"i parameters include oblique corrections

Result Correlation Matrix

�"1 0.0007 ± 0.0010 1.00

�"2 �0.0002 ± 0.0008 0.82 1.00

�"3 0.0007 ± 0.0009 0.87 0.56 1.00

�"b 0.0004 ± 0.0013 �0.34 �0.32 �0.24 1.00

Table 7. Results of the fit for the �"i parameters (i = 1, 2, 3, b).
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Figure 4. Two-dimensional probability distributions for �"1 and �"3 (left), and �"1 and �"b (right)

varying all �"i parameters. From darker to lighter the di↵erent regions correspond to 68%, 95%,

and 99% probability.

beyond those connected to the S, T , and U parameters. More precisely,

�"1 = ↵T � W + 2X
sin ✓W

cos ✓W
� Y

sin2 ✓W

cos2 ✓W
, (4.2)

�"2 = � ↵

4 sin2 ✓W
U � W + 2X

sin ✓W

cos ✓W
� V, (4.3)

�"3 =
↵

4 sin2 ✓W
S � W +

X

sin ✓W cos ✓W
� Y, (4.4)

where V, W, X, Y are part of the extended set of oblique parameters defined in [36].

With the results in table 7 and the above equations, one can therefore obtain approximate

constraints on NP scenarios with vanishing contributions to S, T , and/or U but non-zero

values of some of the other parameters (V , W , X, and Y ).

4.2 Modified Zbb̄ couplings

Motivated by the apparent discrepancy between the SM prediction for A0,b
FB and the corre-

sponding experimental result, we also consider here the case where dominant NP contribu-

tions appear in the Zbb̄ couplings. We parameterize NP contributions to the Zbb̄ couplings

as follows:

gb
i = gb

i,SM + �gb
i for i = L, R or V, A , (4.5)

and we present results for both V , A, and L, R couplings. Details on the definitions

of these couplings can be found in ref. [3]. The EW precision fit finds four solutions

for these couplings, but two of them are disfavoured by the o↵-peak measurement of the

forward-backward asymmetry in e+e� ! bb̄ [37]. In table 8 and figure 5, we present only

the solution closer to the SM. The observed deviations from zero of the parameters �gb
i

reflect the deviation from the SM of the measured value of A0,b
FB. While the agreement

– 12 –
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Result 95% Prob. Correlation Matrix

V 1.01 ± 0.04 [0.93, 1.10] 1.00

f 1.03 ± 0.10 [0.83, 1.23] 0.31 1.00

Table 11. SM-like solution in the fit of V and f to the Higgs-boson signal strengths.
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HEP fit
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f
κ
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1.5
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95% Probability
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HEP fit

Figure 7. Left: constraints from individual channels at 95% probability. Right: two-dimensional

probability distributions for V and f at 68%, 95%, and 99% (darker to lighter), obtained from

the fit to the Higgs-boson signal strengths.

Result 95% Prob. Correlation Matrix

V 1.02 ± 0.02 [0.99, 1.06] 1.00

f 1.03 ± 0.10 [0.85, 1.23] 0.14 1.00

Table 12. Same as table 11 but considering both the Higgs-boson signal strengths and the EWPO.

left panel of of figure 7 shows the 95% probability contours obtained from a fit including

only each individual channel (e.g. H ! ��), as well as the result from the global fit.

Since both production cross sections and decay rates depend on the modified couplings via

products of the form ij , theoretical predictions are symmetric under the simultaneous

exchange {V , f} $ {�V , �f}. We therefore restrict the parameter space to positive

V only. Note also that, when performing the global fit to all channels, the region with

negative f is not populated even at 99% probability, so that we only show positive values

of f in the right-hand-side plot of figure 7. The e↵ect of performing a combined fit of

both Higgs-boson signal strengths and EWPO is summarized in table 12 and illustrated

in figure 8 (note that in tables 11 and 12 we only show the results corresponding to the

SM-like solution, i.e. V,f > 0). It is interesting to notice that the constraint on V from

EWPO is stronger than the one obtained from the Higgs-boson signal strengths alone.

We then lift the assumption of custodial symmetry and rescale the HZZ and HW+W�

couplings independently, introducing two parameters Z and W , while keeping a unique

rescaling factor for all fermionic couplings, f . We obtain the results summarized in table 13

and the corresponding probability distributions shown in figure 9, which are consistent

– 16 –
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Introduction HEPfit Summary

Generic SM extensions in HEPfit

between the SM and R0
b results in a preferred value of �gb

L consistent with the SM at the

2� level, a sizeable contribution to �gb
R is required to explain the A0,b

FB, and the resulting

95% probability region in the �gb
L-�gb

R plane is only marginally compatible with the SM

predictions.

Result Correlation Matrix

�gb
R 0.016 ± 0.006 1.00

�gb
L 0.002 ± 0.001 0.90 1.00

�gb
V 0.018 ± 0.007 1.00

�gb
A �0.013 ± 0.005 �0.98 1.00

Table 8. Results of the fit for the shifts in the Zbb̄ couplings.
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Figure 5. Two-dimensional probability distributions for �gb
R, �gb

L (left), and �gb
V , �gb

A (right). In

the left plot, the dark (light) regions correspond to 68% (95%) probability regions.

4.3 Modified Zbb̄ couplings and oblique corrections

In several extensions of the SM, oblique corrections and modifications of the Zbb̄ vertex

occur simultaneously, possibly a↵ecting only a specific chirality of the vertex (see for ex-

ample refs. [38, 39]). We therefore consider the following cases: oblique contributions with

i) �gb
L and �gb

R, ii) �gb
L only and iii) �gb

R only. The corresponding results are presented in

table 9.

5 Constraints on Higgs-boson couplings

In addition to the standard set of EWPO, we have considered all most recent measurements

of Higgs-boson signal strengths, i.e. the ratio between the measured e↵ective cross section

and the corresponding SM prediction (µ ⌘ �/�SM), taken from refs. [40, 41] for H ! ��,
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Figure 3. Two-dimensional probability distributions for the oblique parameters S and T (upper-

left panel), and T and U (upper-right panel). From darker to lighter the di↵erent regions correspond

respectively to 68%, 95%, and 99% probability. In the lower panel we show the two-dimensional

distributions for S and T fixing U = 0, together with the individual constraints from MW , the

asymmetry parameters sin2 ✓lept
e↵ , P pol

⌧ , Af , and A0,f
FB with f = `, c, b, and �Z . In this last plot the

dark (light) region corresponds to 68% (95%) probability.

the SM. Note that, as mentioned above, the �"i parameters include oblique corrections

Result Correlation Matrix

�"1 0.0007 ± 0.0010 1.00

�"2 �0.0002 ± 0.0008 0.82 1.00

�"3 0.0007 ± 0.0009 0.87 0.56 1.00

�"b 0.0004 ± 0.0013 �0.34 �0.32 �0.24 1.00

Table 7. Results of the fit for the �"i parameters (i = 1, 2, 3, b).
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Figure 4. Two-dimensional probability distributions for �"1 and �"3 (left), and �"1 and �"b (right)

varying all �"i parameters. From darker to lighter the di↵erent regions correspond to 68%, 95%,

and 99% probability.

beyond those connected to the S, T , and U parameters. More precisely,

�"1 = ↵T � W + 2X
sin ✓W

cos ✓W
� Y

sin2 ✓W

cos2 ✓W
, (4.2)

�"2 = � ↵

4 sin2 ✓W
U � W + 2X

sin ✓W

cos ✓W
� V, (4.3)

�"3 =
↵

4 sin2 ✓W
S � W +

X

sin ✓W cos ✓W
� Y, (4.4)

where V, W, X, Y are part of the extended set of oblique parameters defined in [36].

With the results in table 7 and the above equations, one can therefore obtain approximate

constraints on NP scenarios with vanishing contributions to S, T , and/or U but non-zero

values of some of the other parameters (V , W , X, and Y ).

4.2 Modified Zbb̄ couplings

Motivated by the apparent discrepancy between the SM prediction for A0,b
FB and the corre-

sponding experimental result, we also consider here the case where dominant NP contribu-

tions appear in the Zbb̄ couplings. We parameterize NP contributions to the Zbb̄ couplings

as follows:

gb
i = gb

i,SM + �gb
i for i = L, R or V, A , (4.5)

and we present results for both V , A, and L, R couplings. Details on the definitions

of these couplings can be found in ref. [3]. The EW precision fit finds four solutions

for these couplings, but two of them are disfavoured by the o↵-peak measurement of the

forward-backward asymmetry in e+e� ! bb̄ [37]. In table 8 and figure 5, we present only

the solution closer to the SM. The observed deviations from zero of the parameters �gb
i

reflect the deviation from the SM of the measured value of A0,b
FB. While the agreement
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Result 95% Prob. Correlation Matrix

V 1.01 ± 0.04 [0.93, 1.10] 1.00

f 1.03 ± 0.10 [0.83, 1.23] 0.31 1.00

Table 11. SM-like solution in the fit of V and f to the Higgs-boson signal strengths.
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Figure 7. Left: constraints from individual channels at 95% probability. Right: two-dimensional

probability distributions for V and f at 68%, 95%, and 99% (darker to lighter), obtained from

the fit to the Higgs-boson signal strengths.

Result 95% Prob. Correlation Matrix

V 1.02 ± 0.02 [0.99, 1.06] 1.00

f 1.03 ± 0.10 [0.85, 1.23] 0.14 1.00

Table 12. Same as table 11 but considering both the Higgs-boson signal strengths and the EWPO.

left panel of of figure 7 shows the 95% probability contours obtained from a fit including

only each individual channel (e.g. H ! ��), as well as the result from the global fit.

Since both production cross sections and decay rates depend on the modified couplings via

products of the form ij , theoretical predictions are symmetric under the simultaneous

exchange {V , f} $ {�V , �f}. We therefore restrict the parameter space to positive

V only. Note also that, when performing the global fit to all channels, the region with

negative f is not populated even at 99% probability, so that we only show positive values

of f in the right-hand-side plot of figure 7. The e↵ect of performing a combined fit of

both Higgs-boson signal strengths and EWPO is summarized in table 12 and illustrated

in figure 8 (note that in tables 11 and 12 we only show the results corresponding to the

SM-like solution, i.e. V,f > 0). It is interesting to notice that the constraint on V from

EWPO is stronger than the one obtained from the Higgs-boson signal strengths alone.

We then lift the assumption of custodial symmetry and rescale the HZZ and HW+W�

couplings independently, introducing two parameters Z and W , while keeping a unique

rescaling factor for all fermionic couplings, f . We obtain the results summarized in table 13

and the corresponding probability distributions shown in figure 9, which are consistent
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between the SM and R0
b results in a preferred value of �gb

L consistent with the SM at the

2� level, a sizeable contribution to �gb
R is required to explain the A0,b

FB, and the resulting

95% probability region in the �gb
L-�gb

R plane is only marginally compatible with the SM

predictions.

Result Correlation Matrix

�gb
R 0.016 ± 0.006 1.00

�gb
L 0.002 ± 0.001 0.90 1.00

�gb
V 0.018 ± 0.007 1.00

�gb
A �0.013 ± 0.005 �0.98 1.00

Table 8. Results of the fit for the shifts in the Zbb̄ couplings.
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4.3 Modified Zbb̄ couplings and oblique corrections

In several extensions of the SM, oblique corrections and modifications of the Zbb̄ vertex

occur simultaneously, possibly a↵ecting only a specific chirality of the vertex (see for ex-

ample refs. [38, 39]). We therefore consider the following cases: oblique contributions with

i) �gb
L and �gb

R, ii) �gb
L only and iii) �gb

R only. The corresponding results are presented in

table 9.

5 Constraints on Higgs-boson couplings

In addition to the standard set of EWPO, we have considered all most recent measurements

of Higgs-boson signal strengths, i.e. the ratio between the measured e↵ective cross section

and the corresponding SM prediction (µ ⌘ �/�SM), taken from refs. [40, 41] for H ! ��,
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left panel), and T and U (upper-right panel). From darker to lighter the di↵erent regions correspond

respectively to 68%, 95%, and 99% probability. In the lower panel we show the two-dimensional

distributions for S and T fixing U = 0, together with the individual constraints from MW , the

asymmetry parameters sin2 ✓lept
e↵ , P pol

⌧ , Af , and A0,f
FB with f = `, c, b, and �Z . In this last plot the

dark (light) region corresponds to 68% (95%) probability.

the SM. Note that, as mentioned above, the �"i parameters include oblique corrections

Result Correlation Matrix

�"1 0.0007 ± 0.0010 1.00

�"2 �0.0002 ± 0.0008 0.82 1.00

�"3 0.0007 ± 0.0009 0.87 0.56 1.00

�"b 0.0004 ± 0.0013 �0.34 �0.32 �0.24 1.00

Table 7. Results of the fit for the �"i parameters (i = 1, 2, 3, b).
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beyond those connected to the S, T , and U parameters. More precisely,

�"1 = ↵T � W + 2X
sin ✓W

cos ✓W
� Y

sin2 ✓W

cos2 ✓W
, (4.2)

�"2 = � ↵

4 sin2 ✓W
U � W + 2X
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cos ✓W
� V, (4.3)

�"3 =
↵

4 sin2 ✓W
S � W +

X

sin ✓W cos ✓W
� Y, (4.4)

where V, W, X, Y are part of the extended set of oblique parameters defined in [36].

With the results in table 7 and the above equations, one can therefore obtain approximate

constraints on NP scenarios with vanishing contributions to S, T , and/or U but non-zero

values of some of the other parameters (V , W , X, and Y ).

4.2 Modified Zbb̄ couplings

Motivated by the apparent discrepancy between the SM prediction for A0,b
FB and the corre-

sponding experimental result, we also consider here the case where dominant NP contribu-

tions appear in the Zbb̄ couplings. We parameterize NP contributions to the Zbb̄ couplings

as follows:

gb
i = gb

i,SM + �gb
i for i = L, R or V, A , (4.5)

and we present results for both V , A, and L, R couplings. Details on the definitions

of these couplings can be found in ref. [3]. The EW precision fit finds four solutions

for these couplings, but two of them are disfavoured by the o↵-peak measurement of the

forward-backward asymmetry in e+e� ! bb̄ [37]. In table 8 and figure 5, we present only

the solution closer to the SM. The observed deviations from zero of the parameters �gb
i

reflect the deviation from the SM of the measured value of A0,b
FB. While the agreement
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Result 95% Prob. Correlation Matrix

V 1.01 ± 0.04 [0.93, 1.10] 1.00

f 1.03 ± 0.10 [0.83, 1.23] 0.31 1.00

Table 11. SM-like solution in the fit of V and f to the Higgs-boson signal strengths.
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Figure 7. Left: constraints from individual channels at 95% probability. Right: two-dimensional

probability distributions for V and f at 68%, 95%, and 99% (darker to lighter), obtained from

the fit to the Higgs-boson signal strengths.

Result 95% Prob. Correlation Matrix

V 1.02 ± 0.02 [0.99, 1.06] 1.00

f 1.03 ± 0.10 [0.85, 1.23] 0.14 1.00

Table 12. Same as table 11 but considering both the Higgs-boson signal strengths and the EWPO.

left panel of of figure 7 shows the 95% probability contours obtained from a fit including

only each individual channel (e.g. H ! ��), as well as the result from the global fit.

Since both production cross sections and decay rates depend on the modified couplings via

products of the form ij , theoretical predictions are symmetric under the simultaneous

exchange {V , f} $ {�V , �f}. We therefore restrict the parameter space to positive

V only. Note also that, when performing the global fit to all channels, the region with

negative f is not populated even at 99% probability, so that we only show positive values

of f in the right-hand-side plot of figure 7. The e↵ect of performing a combined fit of

both Higgs-boson signal strengths and EWPO is summarized in table 12 and illustrated

in figure 8 (note that in tables 11 and 12 we only show the results corresponding to the

SM-like solution, i.e. V,f > 0). It is interesting to notice that the constraint on V from

EWPO is stronger than the one obtained from the Higgs-boson signal strengths alone.

We then lift the assumption of custodial symmetry and rescale the HZZ and HW+W�

couplings independently, introducing two parameters Z and W , while keeping a unique

rescaling factor for all fermionic couplings, f . We obtain the results summarized in table 13

and the corresponding probability distributions shown in figure 9, which are consistent
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between the SM and R0
b results in a preferred value of �gb

L consistent with the SM at the

2� level, a sizeable contribution to �gb
R is required to explain the A0,b

FB, and the resulting

95% probability region in the �gb
L-�gb

R plane is only marginally compatible with the SM

predictions.

Result Correlation Matrix

�gb
R 0.016 ± 0.006 1.00

�gb
L 0.002 ± 0.001 0.90 1.00

�gb
V 0.018 ± 0.007 1.00

�gb
A �0.013 ± 0.005 �0.98 1.00

Table 8. Results of the fit for the shifts in the Zbb̄ couplings.
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V , �gb

A (right). In

the left plot, the dark (light) regions correspond to 68% (95%) probability regions.

4.3 Modified Zbb̄ couplings and oblique corrections

In several extensions of the SM, oblique corrections and modifications of the Zbb̄ vertex

occur simultaneously, possibly a↵ecting only a specific chirality of the vertex (see for ex-

ample refs. [38, 39]). We therefore consider the following cases: oblique contributions with

i) �gb
L and �gb

R, ii) �gb
L only and iii) �gb

R only. The corresponding results are presented in

table 9.

5 Constraints on Higgs-boson couplings

In addition to the standard set of EWPO, we have considered all most recent measurements

of Higgs-boson signal strengths, i.e. the ratio between the measured e↵ective cross section

and the corresponding SM prediction (µ ⌘ �/�SM), taken from refs. [40, 41] for H ! ��,
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Figure 3. Two-dimensional probability distributions for the oblique parameters S and T (upper-

left panel), and T and U (upper-right panel). From darker to lighter the di↵erent regions correspond

respectively to 68%, 95%, and 99% probability. In the lower panel we show the two-dimensional

distributions for S and T fixing U = 0, together with the individual constraints from MW , the

asymmetry parameters sin2 ✓lept
e↵ , P pol

⌧ , Af , and A0,f
FB with f = `, c, b, and �Z . In this last plot the

dark (light) region corresponds to 68% (95%) probability.

the SM. Note that, as mentioned above, the �"i parameters include oblique corrections

Result Correlation Matrix

�"1 0.0007 ± 0.0010 1.00

�"2 �0.0002 ± 0.0008 0.82 1.00

�"3 0.0007 ± 0.0009 0.87 0.56 1.00

�"b 0.0004 ± 0.0013 �0.34 �0.32 �0.24 1.00

Table 7. Results of the fit for the �"i parameters (i = 1, 2, 3, b).

– 11 –

1εδ
0.004− 0.002− 0 0.002 0.004

3εδ

0

0.005

68% Probability
95% Probability
99% Probability

HEP fit

1εδ
0.004− 0.002− 0 0.002 0.004

bεδ

0.005−

0

0.005

68% Probability
95% Probability
99% Probability

HEP fit

Figure 4. Two-dimensional probability distributions for �"1 and �"3 (left), and �"1 and �"b (right)

varying all �"i parameters. From darker to lighter the di↵erent regions correspond to 68%, 95%,

and 99% probability.

beyond those connected to the S, T , and U parameters. More precisely,
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, (4.2)
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� V, (4.3)
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4 sin2 ✓W
S � W +
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sin ✓W cos ✓W
� Y, (4.4)

where V, W, X, Y are part of the extended set of oblique parameters defined in [36].

With the results in table 7 and the above equations, one can therefore obtain approximate

constraints on NP scenarios with vanishing contributions to S, T , and/or U but non-zero

values of some of the other parameters (V , W , X, and Y ).

4.2 Modified Zbb̄ couplings

Motivated by the apparent discrepancy between the SM prediction for A0,b
FB and the corre-

sponding experimental result, we also consider here the case where dominant NP contribu-

tions appear in the Zbb̄ couplings. We parameterize NP contributions to the Zbb̄ couplings

as follows:

gb
i = gb

i,SM + �gb
i for i = L, R or V, A , (4.5)

and we present results for both V , A, and L, R couplings. Details on the definitions

of these couplings can be found in ref. [3]. The EW precision fit finds four solutions

for these couplings, but two of them are disfavoured by the o↵-peak measurement of the

forward-backward asymmetry in e+e� ! bb̄ [37]. In table 8 and figure 5, we present only

the solution closer to the SM. The observed deviations from zero of the parameters �gb
i

reflect the deviation from the SM of the measured value of A0,b
FB. While the agreement
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Result 95% Prob. Correlation Matrix

V 1.01 ± 0.04 [0.93, 1.10] 1.00

f 1.03 ± 0.10 [0.83, 1.23] 0.31 1.00

Table 11. SM-like solution in the fit of V and f to the Higgs-boson signal strengths.
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probability distributions for V and f at 68%, 95%, and 99% (darker to lighter), obtained from

the fit to the Higgs-boson signal strengths.

Result 95% Prob. Correlation Matrix

V 1.02 ± 0.02 [0.99, 1.06] 1.00

f 1.03 ± 0.10 [0.85, 1.23] 0.14 1.00

Table 12. Same as table 11 but considering both the Higgs-boson signal strengths and the EWPO.

left panel of of figure 7 shows the 95% probability contours obtained from a fit including

only each individual channel (e.g. H ! ��), as well as the result from the global fit.

Since both production cross sections and decay rates depend on the modified couplings via

products of the form ij , theoretical predictions are symmetric under the simultaneous

exchange {V , f} $ {�V , �f}. We therefore restrict the parameter space to positive

V only. Note also that, when performing the global fit to all channels, the region with

negative f is not populated even at 99% probability, so that we only show positive values

of f in the right-hand-side plot of figure 7. The e↵ect of performing a combined fit of

both Higgs-boson signal strengths and EWPO is summarized in table 12 and illustrated

in figure 8 (note that in tables 11 and 12 we only show the results corresponding to the

SM-like solution, i.e. V,f > 0). It is interesting to notice that the constraint on V from

EWPO is stronger than the one obtained from the Higgs-boson signal strengths alone.

We then lift the assumption of custodial symmetry and rescale the HZZ and HW+W�

couplings independently, introducing two parameters Z and W , while keeping a unique

rescaling factor for all fermionic couplings, f . We obtain the results summarized in table 13

and the corresponding probability distributions shown in figure 9, which are consistent
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between the SM and R0
b results in a preferred value of �gb

L consistent with the SM at the

2� level, a sizeable contribution to �gb
R is required to explain the A0,b

FB, and the resulting

95% probability region in the �gb
L-�gb

R plane is only marginally compatible with the SM

predictions.

Result Correlation Matrix

�gb
R 0.016 ± 0.006 1.00

�gb
L 0.002 ± 0.001 0.90 1.00

�gb
V 0.018 ± 0.007 1.00

�gb
A �0.013 ± 0.005 �0.98 1.00

Table 8. Results of the fit for the shifts in the Zbb̄ couplings.
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Figure 5. Two-dimensional probability distributions for �gb
R, �gb

L (left), and �gb
V , �gb

A (right). In

the left plot, the dark (light) regions correspond to 68% (95%) probability regions.

4.3 Modified Zbb̄ couplings and oblique corrections

In several extensions of the SM, oblique corrections and modifications of the Zbb̄ vertex

occur simultaneously, possibly a↵ecting only a specific chirality of the vertex (see for ex-

ample refs. [38, 39]). We therefore consider the following cases: oblique contributions with

i) �gb
L and �gb

R, ii) �gb
L only and iii) �gb

R only. The corresponding results are presented in

table 9.

5 Constraints on Higgs-boson couplings

In addition to the standard set of EWPO, we have considered all most recent measurements

of Higgs-boson signal strengths, i.e. the ratio between the measured e↵ective cross section

and the corresponding SM prediction (µ ⌘ �/�SM), taken from refs. [40, 41] for H ! ��,
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Figure 3. Two-dimensional probability distributions for the oblique parameters S and T (upper-

left panel), and T and U (upper-right panel). From darker to lighter the di↵erent regions correspond

respectively to 68%, 95%, and 99% probability. In the lower panel we show the two-dimensional

distributions for S and T fixing U = 0, together with the individual constraints from MW , the

asymmetry parameters sin2 ✓lept
e↵ , P pol

⌧ , Af , and A0,f
FB with f = `, c, b, and �Z . In this last plot the

dark (light) region corresponds to 68% (95%) probability.

the SM. Note that, as mentioned above, the �"i parameters include oblique corrections

Result Correlation Matrix

�"1 0.0007 ± 0.0010 1.00

�"2 �0.0002 ± 0.0008 0.82 1.00

�"3 0.0007 ± 0.0009 0.87 0.56 1.00

�"b 0.0004 ± 0.0013 �0.34 �0.32 �0.24 1.00

Table 7. Results of the fit for the �"i parameters (i = 1, 2, 3, b).
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Figure 4. Two-dimensional probability distributions for �"1 and �"3 (left), and �"1 and �"b (right)

varying all �"i parameters. From darker to lighter the di↵erent regions correspond to 68%, 95%,

and 99% probability.

beyond those connected to the S, T , and U parameters. More precisely,

�"1 = ↵T � W + 2X
sin ✓W

cos ✓W
� Y

sin2 ✓W

cos2 ✓W
, (4.2)

�"2 = � ↵

4 sin2 ✓W
U � W + 2X

sin ✓W

cos ✓W
� V, (4.3)

�"3 =
↵

4 sin2 ✓W
S � W +

X

sin ✓W cos ✓W
� Y, (4.4)

where V, W, X, Y are part of the extended set of oblique parameters defined in [36].

With the results in table 7 and the above equations, one can therefore obtain approximate

constraints on NP scenarios with vanishing contributions to S, T , and/or U but non-zero

values of some of the other parameters (V , W , X, and Y ).

4.2 Modified Zbb̄ couplings

Motivated by the apparent discrepancy between the SM prediction for A0,b
FB and the corre-

sponding experimental result, we also consider here the case where dominant NP contribu-

tions appear in the Zbb̄ couplings. We parameterize NP contributions to the Zbb̄ couplings

as follows:

gb
i = gb

i,SM + �gb
i for i = L, R or V, A , (4.5)

and we present results for both V , A, and L, R couplings. Details on the definitions

of these couplings can be found in ref. [3]. The EW precision fit finds four solutions

for these couplings, but two of them are disfavoured by the o↵-peak measurement of the

forward-backward asymmetry in e+e� ! bb̄ [37]. In table 8 and figure 5, we present only

the solution closer to the SM. The observed deviations from zero of the parameters �gb
i

reflect the deviation from the SM of the measured value of A0,b
FB. While the agreement
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Result 95% Prob. Correlation Matrix

V 1.01 ± 0.04 [0.93, 1.10] 1.00

f 1.03 ± 0.10 [0.83, 1.23] 0.31 1.00

Table 11. SM-like solution in the fit of V and f to the Higgs-boson signal strengths.
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Figure 7. Left: constraints from individual channels at 95% probability. Right: two-dimensional

probability distributions for V and f at 68%, 95%, and 99% (darker to lighter), obtained from

the fit to the Higgs-boson signal strengths.

Result 95% Prob. Correlation Matrix

V 1.02 ± 0.02 [0.99, 1.06] 1.00

f 1.03 ± 0.10 [0.85, 1.23] 0.14 1.00

Table 12. Same as table 11 but considering both the Higgs-boson signal strengths and the EWPO.

left panel of of figure 7 shows the 95% probability contours obtained from a fit including

only each individual channel (e.g. H ! ��), as well as the result from the global fit.

Since both production cross sections and decay rates depend on the modified couplings via

products of the form ij , theoretical predictions are symmetric under the simultaneous

exchange {V , f} $ {�V , �f}. We therefore restrict the parameter space to positive

V only. Note also that, when performing the global fit to all channels, the region with

negative f is not populated even at 99% probability, so that we only show positive values

of f in the right-hand-side plot of figure 7. The e↵ect of performing a combined fit of

both Higgs-boson signal strengths and EWPO is summarized in table 12 and illustrated

in figure 8 (note that in tables 11 and 12 we only show the results corresponding to the

SM-like solution, i.e. V,f > 0). It is interesting to notice that the constraint on V from

EWPO is stronger than the one obtained from the Higgs-boson signal strengths alone.

We then lift the assumption of custodial symmetry and rescale the HZZ and HW+W�

couplings independently, introducing two parameters Z and W , while keeping a unique

rescaling factor for all fermionic couplings, f . We obtain the results summarized in table 13

and the corresponding probability distributions shown in figure 9, which are consistent
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4.3 Modified Zbb̄ couplings and oblique corrections

In several extensions of the SM, oblique corrections and modifications of the Zbb̄ vertex

occur simultaneously, possibly a↵ecting only a specific chirality of the vertex (see for ex-

ample refs. [38, 39]). We therefore consider the following cases: oblique contributions with

i) �gb
L and �gb

R, ii) �gb
L only and iii) �gb

R only. The corresponding results are presented in

table 9.

5 Constraints on Higgs-boson couplings

In addition to the standard set of EWPO, we have considered all most recent measurements

of Higgs-boson signal strengths, i.e. the ratio between the measured e↵ective cross section
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respectively to 68%, 95%, and 99% probability. In the lower panel we show the two-dimensional

distributions for S and T fixing U = 0, together with the individual constraints from MW , the

asymmetry parameters sin2 ✓lept
e↵ , P pol

⌧ , Af , and A0,f
FB with f = `, c, b, and �Z . In this last plot the

dark (light) region corresponds to 68% (95%) probability.
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With the results in table 7 and the above equations, one can therefore obtain approximate

constraints on NP scenarios with vanishing contributions to S, T , and/or U but non-zero
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and we present results for both V , A, and L, R couplings. Details on the definitions

of these couplings can be found in ref. [3]. The EW precision fit finds four solutions

for these couplings, but two of them are disfavoured by the o↵-peak measurement of the
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Table 12. Same as table 11 but considering both the Higgs-boson signal strengths and the EWPO.

left panel of of figure 7 shows the 95% probability contours obtained from a fit including

only each individual channel (e.g. H ! ��), as well as the result from the global fit.

Since both production cross sections and decay rates depend on the modified couplings via

products of the form ij , theoretical predictions are symmetric under the simultaneous

exchange {V , f} $ {�V , �f}. We therefore restrict the parameter space to positive

V only. Note also that, when performing the global fit to all channels, the region with

negative f is not populated even at 99% probability, so that we only show positive values

of f in the right-hand-side plot of figure 7. The e↵ect of performing a combined fit of

both Higgs-boson signal strengths and EWPO is summarized in table 12 and illustrated

in figure 8 (note that in tables 11 and 12 we only show the results corresponding to the

SM-like solution, i.e. V,f > 0). It is interesting to notice that the constraint on V from

EWPO is stronger than the one obtained from the Higgs-boson signal strengths alone.

We then lift the assumption of custodial symmetry and rescale the HZZ and HW+W�

couplings independently, introducing two parameters Z and W , while keeping a unique

rescaling factor for all fermionic couplings, f . We obtain the results summarized in table 13

and the corresponding probability distributions shown in figure 9, which are consistent
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New physics models in HEPfit
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Implementation of your own model

User-defined models and observables can easily be defined as
external modules:

Model parameters

Observables

⇒ p.d.f. histograms
and predictions
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Library and Monte Carlo modes

Until here only a collection of formulae,
which can be used as a library.

No analytical treatment, but (very) fast evaluation
as compared to e.g. Mathematica

Parallelized Markov Chain Monte Carlo simulations
with the Bayesian Analysis Toolkit (BAT).

Or use your own statistical set-up.
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Example - Unitarity triangle in the SM

Unitarity triangle fits with run time of at least a few days
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Example - Unitarity triangle in the SM

Unitarity triangle fit with HEPfit is possible on a laptop:
about 4 hours with two cores
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η

UTfit collaboration
decided to use
HEPfit in the future!
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Introduction HEPfit Summary

Summary

http://hepfit.roma1.infn.it

Calculates and fits Higgs, EW and flavour observables in

• Standard Model

• various effective theories

• scalar SM extensions (2HDM, Georgi-Machacek, Manohar-Wise)

• MSSM, Left-Right symmetry

Publications on B→K ∗`+`−, EWPO, SMEFT, ewχL, 2HDM.
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