
SUSY 2016 
Melbourne, July 4, 2016  

Jorge de Blas 

 a Code for the Combination of Indirect and Direct 
Constraints on High Energy Physics Models

On behalf of the  

fit
1

HEP

fit
1

HEP
collaboration 



The             codefit
1

HEP

Jorge de Blas 
INFN - Sezione di Roma 1

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

Webpage: 

https://github.com/silvest/HEPfit

http://hepfit.roma1.infn.it
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Flexible open-source C++ code
Stand-alone and library modes to compute observables in the SM & beyond
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Flexible open-source C++ code
Stand-alone and library modes to compute observables in the SM & beyond
Add new models and/or observables as external modules
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Flexible open-source C++ code
Stand-alone and library modes to compute observables in the SM & beyond

Optional Bayesian Statistical Analysis framework (supports MPI parallelization)
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Add new models and/or observables as external modules



Dependencies

Jorge de Blas 
INFN - Sezione di Roma 

ROOT  (                        )

Plotting. Stores all histograms generated at run time (*.pdf & *.root)

Compatible with ROOT v5 and v6

BOOST C++ Libraries  (                           )

Used for efficient and safe memory handling

GSL  (                                          )

GNU Scientific Libraries are used for efficient matrix operations and 
integrals
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https://root.cern.ch

http://www.boost.org

https://www.gnu.org/software/gsl/
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(Working developer version (available through git) requires NetBeans IDE)

https://root.cern.ch
http://www.boost.org
https://www.gnu.org/software/gsl/
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BAT  (                                         )

Bayesian Analysis Tool based Markov Chain Monte Carlo routines

Required if using our MCMC engine

Compatible with BAT v0.9 and v1 (Dev. version)

OpenMPI  (                                 ) /MPICH  (                            )

Necessary only for parallel runs

Tested for large scale @ O(103) cores in batch submission systems

Installation:
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tar zxvf HEPfit-x.x.tar.gz
cd HEPfit-x.x
cmake . -DLOCAL_INSTALL_ALL=ON -DMPIBAT=ON
make
make install

https://www.open-mpi.org https://www.mpich.org

https://www.mppmu.mpg.de/bat/
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Model, Parameter values & Observables via configuration files
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Gaussian & Flat likelihoods built in the code

It can read any likelihood from ROOT histograms

Work in progress: custom likelihoods

Types of Likelihoods/priors 

Correlated observables

Correlated parameters

2D likelihoods can be read from ROOT 2D histograms 
for 2 correlated observables

Correlations 
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Input: Config file for Model & Observables
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Model name
Uncorrelated parameters:  

Initial values, priors 
Correlated parameters



Input: Config file for Model & Observables
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2D obs, Binned Obs, …

Uncorrelated observables

Correlated Observables



Input: Config file for Model & Observables
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Include additional config files



Input: Using our MCMC engine
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Example: MonteCarlo config file

Other options:
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Input: Using our MCMC engine
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Example: MonteCarlo config file

Other options:
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MCMC settings
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Statistics.txt:

Log.txt: Check for convergence, problems, etc…
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…

…

…

…

Statistical results
 for observables and
 model parameters
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Plots:
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HEP fit

1D and 2D marginalized distributions
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Plots:
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Want more?… use the whole output included in a 
ROOT file (MCout.root)

Correlation plots
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Observable computation rate of O(KHz) or better for most 
implemented observables

Run times for single thread (core) single chain analysis:

Test run (Stats. O(10K)) ⟹ Minutes

Results analysis (Stats. O(100K)) ⟹ Hours

Publication-level analysis (Stats. O(≳1M)) ⟹ Days

Use the built-in MPI implementation to reduce running time          
(O(N) for N threads (cores) used)

Example: Unitarity triangle fit possible in a laptop in ~1h using 8 cores

12
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Models and Observables
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Standard Model
Oblique pars: S,T,U
εi parameters

Modified Zbb couplings
Modified Higgs coup: κV, κf

SMEFT  dim 6
General THDM

SUSY
LR models

⇐WiP

⇐Tested

EWPO
Higgs signal strengths

Flavor: ΔF=2, UT, B decays
LFV

LEP 2 cross sections ⇐WiP

⇐Tested

Already in the code:

Models

Observables
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HEPfit Models Technical details Conclusions

Structure of the code

Observable SM THDM SUSY Dim-6
Flavour:
B(Bs ! µ+µ�) X X ⇥ ⇥
B(B̄ ! Xs�) X X ⇥ ⇥
B(⌧ ! µ�, 3µ) – – X ⇥
(...)
Higgs:
µ’s X X ⇥ X
Direct searches – X ⇥ –
Electroweak precision observables:
STU X X ⇥ X
(...)

Otto Eberhardt The status of 6 / 17
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Standard Model:

Flavor observables: Rare decays, non-leptonic decays, … Most of them 
at the highest available precision

Example:
M. Ciuchini et al. , arXiv: 1512.07157 [hep-ph]

B ! K⇤``

SUSY 2016 
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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.

– 8 –
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Standard Model and Beyond (oblique parameters, dim 6 SMEFT,…):

Electroweak Precision Observables

Higgs signal strengths

See my next talk at 16:50 today

J. de Blas et al. , arXiv: 1607.XXXX [hep-ph]
J. de Blas et al. , In preparation
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Figure 3. JB [Maurizio, please replace the second plot by a T vs. U plot. Also, please
add small legends in the plots stating the prob. of the contours, i.e. “68%, 95% & 99%
prob. cont.” for the first 2 plots, and ‘68% & 95% prob. cont.” for the third. I notice
that the contours are not completely smooth. Were these figures created using the
fits in the folder HEPfit-data/Current ObliqueZbb? This is the one that contained
the optimized autorange 2D observables. If not, could you please use the output
from those fits to create smoother figures?] 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 corresponds 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.

include oblique corrections beyond those connected to S, T, 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)

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

– 8 –

Result 95% Range 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 9. SM-like solution in the fit of V and f to the Higgs-boson signal strengths.
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Figure 7. JB [Maurizio, please add small legends in the plots stating the prob. of
the contours, i.e. “68%, 95% & 99% prob. cont.” in the right plot, and “95% prob.
cont.” in the left plot.] 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% Range 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 10. Same as table 9 but considering both the Higgs-boson signal strengths and the EWPO.

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

with custodial symmetry. We notice that theoretical predictions are symmetric under

the exchanges {W , f} $ {�W , �f} and/or Z $ �Z , where Z can flip the

sign independent of W , since the interference between the W and Z contributions to the

vector-boson fusion cross section is negligible. Hence we have considered only the parameter

space where both W and Z are positive. In this case, we ignore EWPO in the fit, since

setting W 6= Z generates power divergences in the oblique corrections, indicating that the

detailed information on the UV theory is necessary for calculating the oblique corrections.

Finally, we lift fermion universality and introduce di↵erent rescaling factors for charged

leptons (l), up-type quarks (u), and down-type quarks (d), while keeping a unique pa-

rameter V for both HV V couplings. In this case, from the Higgs-boson signal strengths

we obtain the constraints on the scale factors presented in table 12 and in the top plots

of figure 10. By adding the EWPO to the fit, the constraints become stronger, as shown

– 13 –
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MSSM:

Generic flavour structure 
implemented

Lepton Flavor violation:

 

Stability constraints

WiP: metastability and RGE

See D. Chowdhury talk today at 16:30  
(SUSY models session) 
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THDM (with softly broken Z2):

Stability constraints

NLO Unitarity constraints

NLO RGE

EWPO via STU parameters

Higgs signal strengths

Heavy Higgs direct searches

Flavor:               (NNLO)
           (LO)                              
              (LO)

          (LO) See D. Chowdhury talk on thursday 17:50 
(Higgs physics session) 
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b ! s�
�mBs

Bs ! µµ
B ! ⌧⌫
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               is a computational framework designed having in mind both 
theorist and experimentalist

Currently focused mostly on indirect tests of New Physics using EWPD, 
Higgs observables, Flavor, …

…working on the combination of direct and indirect searches

Flexibility:

Modular structure allows users to modify or add new models & 
observables

Different kinds of statistical analyses (Bayesian MCMC built in via 
BAT)

For more details & documentation please check:

19

https://github.com/silvest/HEPfithttp://hepfit.roma1.infn.it
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