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Particle physics highlights

The last 50 years of experimental effort 
created foundation for particle physics.
Theory of elementary constituents of matter 
could be created. Beginning: electrodynamics 
(QED)– the first ever relativistic quantum 
field theory 
Keystones: renormalization and numerous  
precision measurements.
All of particle physics follow this scheme.
The Standard Model is born.
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Standard Model describes reasonably 
well all measurements of today
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Frozen degrees of freedom

Only  u and d quarks, electron, neutrino, 
photon and gluon fields are needed for 
description of the matter around us.
Frozen degrees of freedom explain properties of 
interactions for the every day matter,  but 
otherwise remain “spectators”.
W bosons → Fermi interaction → P-parity 
violation. In macroscopic world not exposed; 
may  have triggered  left-handenes of DNA? 
Beautiful book1 where  such ideas are 
entertained from mathematical perspective.
 1H. Weyl, Symmetry, Princeton University Press, 1952 !already!
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Frozen degrees of freedom

Theoretically motivated  field:
it was not possible to construct field theory of 
weak interactions with massive    W-s and Z. 
Massless scalar field of  4 degrees of freedom was 
introduced. 

In the mechanism of spontaneous symmetry 
breaking, 3 degrees  are “eaten” into  spin 0 
components of W+ W- and Z fields. Bosons  acquire 
mass and Standard Model can describe interactions 
of particle physics.

The last degree of freedom is an elusive (until July 
2012) Higgs  field. 
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 Last Summer ... 
discoverydiscovery         discoverydiscovery

Phys. Lett. B 716 (2012) 1

Phys. Lett. B 716 (2012) 30
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From: 
ATLAS presentation, CERN July 4, F. Gianotti
CMS presentation, CERN July 4, J. Incandela

It was a challenge, see other talks ...
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Breakthrough, but ...

Is it Higgs of the Standard Model?
Or may be it is manifestation  of unknown 
(like pions are consequence of quark 
gluon interactions)?
In 1873 van der Waals defended his doctoral thesis 
``Over de Coninuiteit van der Gas en Vloeistoftoestand. It 
was the first treatment of the properties of the second 
order phase transition.

It took more than 80 years before this phenomenon was 
understood in all of its quantum complexity.
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Breakthrough, ...

...On the way quantum mechanics had to be established,  
refined works of theorists on multi-body systems and  
dynamic of  atoms and their interactions had to be 
developed. 

For Higgs we need a lot of further 
measurements too. May be new theoretical 
ideas as well.

In the rest of my talk I will  discuss 
examples of details; to demonstrate 
complexity of the tasks
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ATLAS  quoted four theoretical projects from Poland  
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Breakthrough ...

 The title of my talk could suggest that I will 
discuss all main phenomenological 
calculations and tools used in H discovery

 It would not be possible, even for cited polish 
contributions: 
 [76] TAUOLA flagship use is simulation for embedded 

taus in estimation of Higgs searches background
 [77] For PHOTOS it is simulation of bremsstrahlung in 4-

lepton final states
 [61] ACERMC of E. Richter-Was et. al., was used e.g. for 

H backgrounds from single top production.
 [54] HDECAY of J. Kalinowski et.al., was  used for H b.r. 
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Few examples of  pheno. tasks 
needed  for Higgs observables

➔I have chosen  three applications using 
TAUOLA and PHOTOS MC's: 

➔  H spin measurement in H→ channel.
➔ Consistency of SM: relation between             

masses of H, W and top require secondary effects 
like QED bremsstrahlung to be taken into account 
in lepton reconstruction in W decays.

➔ To reduce systematic error of W mass measure-
ment  even further: lepton reconstruction in Z 
decays.  
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Example 1: TAUOLA

Simulation for H spin=2 hypothesis.
* H → tau tau channel is not central  for 

spin measurement, but may complete 
the picture 
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Use of tau spin at LHC

tau decay distribution 
manifest properties of 
tau production: spin of 
W, Z, H, parity etc
properties needed 
for construction and 
understanding of 
observables 



16

Use of tau spin at LHC
General form of density 
matrix is universal.

For Higgs R
33

=1 for 

Z/gamma* R
33

=-1 also R
30

 
R

03
 representing tau 

polarization is non-zero.

In ultrarelativistic 
approximation all other 
elements of R are zero.

In general case,

 beautiful parity 
observables can be 
studied.



TAUOLA → TauSpinner → recent results → 
useful to improve measurement of Higgs spin?

 We need to distinguish signal of 
New Physics from Background

 Shape  of  multidimensional 
distributions depend on properties 
of New Physics and how it differs 
from SM background 

 It depends  on effects due to 
detector acceptance as well. 

 Finally on properties of tau decays.

 S. Banerjee,   J. Kalinowski, W. 
Kotlarski, T. Przedzinski and ZW, An 
example figure from Ascertaining 
the spin for new resonances 
decaying into tau+ tau-  at Hadron 
Colliders,  CERN-PH-TH-2012-347, 
Dec 2012



TAUOLA need low energy experiments

* Details of tau decays 
need to be modeled 
on the basis e.g. of 
Resonance Chiral 
Lagrangian approach 

* Fits to the Belle BaBar 
data must follow.

* Work started 2 decades 
ago by S. Jadach, M. Jeza-
bek and ZW



SM Higgs sector consistency test

One of the important relation  of SM is the 
one between three masses: 
•top quark mass
•W mass
•Higgs mass

Precision measurements for this relation 
are pursued:
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Consistency test in  SM Higgs Sector

CDF: PRL 108,151803 (2012), D0: PRL 108, 151804 (2012)

Now Higgs mass is known:  improve precision for W mass measurement
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High precision in MC needed:

Note: how tiny  is effect of 15 MeV
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This improvement was achieved by 
experimental and theoretical efforts
Main achievements:  Lepton resolution and QED FSR 

Now PDF's  and p
T
(W)  main TH systematic err. → see later

CDF: 200pb-1 measurement  (2008) CDF: 2.2fb-1 measurement  (2012) 

Phys. Rev. D77, 112001 (2008)

 

Phys. Rev. lett. 108, 151803 (2012)

←
← 
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Example 2: PHOTOS for M
T
 

QED bremsstrahlung is of importance for
this measurement.

PHOTOS is used to simulate 
bremsstrahlung in decays (as one of the 
alternatives).
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Simulation in CDF divided into blocks

QED FSR was generated with PHOTOS
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PHOTOS principle of use

 Since 1989 PHOTOS ( by E.Barberio, B. van Eijk, Z. 
W., P. Golonka) is used to simulate  QED radiative 
corrections in decays.
 Full events of complicated tree structure for 
production and cascade decays are fed in.
 At every event tree branching (decay) , PHOTOS 
intervene. With calculated by algorithm probability 
extra photon(s) are  added and kinematics of other 
particles is adjusted.
 Such algorithm  can be controlled to a very high 
precision.



Separation PW-QED in W decay

For high precision in PHOTOS use electroweak corrections have to be 
separated into pure weak (PW) and QED. This was done for SANC tests.
This has to be followed in practical use in experiments as well. 



PHOTOS technical tests in M
T
(W): 

QED FSR corrections for 
transverse mass M

T
.

Test and comparison 
PHOTOS vs. SANC.  

This is technical test. 
Also we show QED FSR in 
W decays is properly 
disentangled from 
complete EW effects. 

A. Arbuzov, R. Sadykov, ZW,  
QED bremsstrahlung in decays 
of electroweak bosons, CERN-
PH-TH/2012-354, Dec 2012
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Example 3: PHOTOS and *
 Already at present, dominant th. systematic 

error in W mass measurement is due to PDF's 
and uncertainties for p

T
(W).

 To control better PDF's and p
T
(W) measure-

ments of Z production @LHC are optimized.

 Instead of measuring p
T
(Z), it is better to use 

* constructed from directions of leptons in   
Z➜ l+ l- decay

 Lepton directions are measured  precisely!
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 *  ~ p
T
(Z)/M

Z

First measurement is 
published now,  progress 
is continued.
We attempt to be helpful with 
 theoretical side.

Tests with KKMC and Winhac 
are on going:  Oanh Doan, S. 
Jadach, W. Placzek, ZW

At present systematic error 
on QED FSR is estimated 
from comparison PHOTOS 
SHERPA

 

arXiv:1211.6899
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Summary
I have shown  examples of  phenomenological work for Higgs@LHC. 
I  could profit from activities and expertise of HEP  community: 
 QED and tau decays at LEP time
 Expertise on parton showers  and matrix element calculations in   pp 
collisions  
 Expertise on  Higgs signatures.
 Advices on experimental needs and capabilities.

That was and hopefully is going to be fascinating, 
often unexpected adventure, which could grow on 
combination of new challenges, laborious efforts and 
previous expertise. 

I hope my talk could send such a message.
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Extra slides
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Phi* instead of Z boson p_T
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Phi* instead of Z boson p_T
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TAUOLA PHOTOS main references
TAUOLA

S. Jadach, J. H. Kuhn, Z. Was. Comput.Phys.Commun. 64 (1990) 275, 

M. Jezabek Z. Was, S. Jadach, J. H. Kuhn, Comput.Phys.Commun. 70 (1992) 69, 

 S. Jadach, Z. Was, R. Decker, J. H. Kuhn. Comput.Phys.Commun. 76 (1993) 361, 

The Tauola photos F environment for the TAUOLA and PHOTOS packages: Release. 2..P. Golonka , B. Kersevan, T. 
Pierzchala, E. Richter-Was, Z. Was, M. Worek, Comput.Phys.Commun. 174 (2006) 818, 

Resonance chiral Lagrangian currents and τ decay Monte Carlo. O. Shekhovtsova, T. Przedzinski, P. Roig,       Z. 
Was. Mar 2012, IFJPAN-IV-2011-6, UAB-FT-695, FTUV-2011-09-29, IFIC-11-53, CERN-PH-TH-2012-016  

PHOTOS

E. Barberio and Z. Was, Comput. Phys. Commun. 79, 291 (1994).

E. Barberio, B. van Eijk and Z. Was, Comput. Phys. Commun. 66, 115 (1991).

P. Golonka and Z. Was, Eur. Phys. J. C 45 (2006) 97, ibid, C50:53-62,2007

G. Nanava, Z. Was, Eur.Phys.J.C51:569-583,2007
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Main references of the last 2 years:
www.cern.ch/~wasm www.cern.ch/~wasm/newprojects.html 

N. Davidson, P. Golonka, T. Przedzinski and Z. Was,  ``MC­TESTER v. 1.23: A 
Universal tool for comparisons of Monte Carlo predictions for particle decays in 
high energy physics,'' Comput.  Phys.  Commun.  182, 779 (2011).

  G. Nanava, Q. Xu and Z. Was,
  ``Matching NLO parton shower matrix element with exact phase space: Case of W 

­­­> l nu(gamma) and gamma* ­­­> pi+ pi ­(gamma),'' Eur. Phys. J. C 70, 673 
(2010).

  N. Davidson, G. Nanava, T. Przedzinski, E. Richter­Was and Z. Was,
   ``Universal Interface of TAUOLA Technical and Physics Documentation,'' Comput. 

Phys. Commun.  183, 821 (2012).

N. Davidson, T. Przedzinski and Z. Was, 
   ``PHOTOS Interface in C++: Technical and Physics Documentation,'' 

[arXiv:1011.0937 [hep­ph]].

Z. Czyczula, T. Przedzinski and Z. Was,
   ``TauSpinner Program for Studies on Spin Effect in tau Production at the LHC,'', 

Eur.  Phys.  J.  C  72, 1988 (2012).

Q. Xu and Z. Was, ``Bremsstrahlung simulation in K to pi l^pm nu_l (gamma) 
decays,'' [arXiv:1201.0189 [hep­ph]]. (EPJC in print)

O. Shekhovtsova, T. Przedzinski, P. Roig and Z. Was,
   ``Resonance chiral Lagrangian currents and $\tau$ decay Monte Carlo,'', 

[arXiv:1203.3955 [hep­ph]].

http://www.ph.unimelb.edu.au/~ndavidson/tauola/doxygen/index.html
http://sftweb.cern.ch/generators/
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