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‘Particle physics highlights

The

last 50 years of experimental effort

created foundation for particle physics.

The
cou

(QE

ory of elementary constituents of matter
d be created. Beginning: electrodynamics
D)- the first ever relativistic quantum

field theory
Keystones: renormalization and numerous

pre

cision measurements.

All of particle physics follow this scheme.

The

Standard Model is born.

Z. Was, IFJ-PAN



‘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 book! where such ideas are
entertained from mathematical perspective.

1H. Weyl, Symmetry, Princeton University Press, 1952 !already!

Z. Was, IFJ-PAN



‘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.

Z. Was, IFJ-PAN



Spontaneous Symmetry Breaking (SSB) - Local Symmetry

All the players... in the same PRL issue

VOLUME 13, NUMBER 9 PHYSICAL REVIEW LETTERS 31 Aucust 1964

BROKEN SYMMETRY AND THE MASS OF GAUGE VECTOR MESONS*

F. Englert and R. Brout
Faculté des Sciences, Université Libre de Bruxelles, Bruxelles, Belgium
(Received 26 June 1964)

BROKEN SYMMETRIES AND THE MASSES OF GAUGE BOSONS

Peter W. Higgs
Tait Institute of Mathematical Physics, University of Edinburgh, Edinburgh, Scotland
(Received 31 August 1964)

1 page

GLOBAL CONSERVATION LAWS AND MASSLESS PARTICLES*

G. S. Guralnik,? C. R. Hagen,! and T. W. B. Kibble

Department of Physics, Imperial College, London. England
(Received 12 October 1964)

2 pages

1964 —The Higgs mechanism : How gauge bosons can acquire a mass.




arXiv:1207.7214v1 [hep-ex| 31 Jul 2012

EUROPEAN ORGANISATION FOR NUCLEAR RESEARCH (CERN)

Phys. Lett. B 716 (2012) 1

CERN-FH-EP-2012-218
Submitted to: Physics Letters B

Observation of a New Particle in the Search for the Standard
Model Higgs Boson with the ATLAS Detector at the LHC

The ATLAS Collaboration

Abstract

A search for the Standard Model Higgs boson in proton-proton collisions with the ATLAS detector
at the LHC is presented. The datasets used comespond to integrated luminosities of approximately
4.8 fb! collected at 5= 7 TeVin 2011 and 5.8 fb! at /5= 8 TeVin 2012. Individual searches in the
channels H— 77" 4f, H— yy and H- W™ = eyey in the 8 TeV data are combined with previously
published results of searches for H— Z7, WW™, &b and r*r in the 7 TeV data and results from
improved analyses of the H— Z2™ s 4¢ and H— yy channels in the 7 TeV data. Clear evidence for the
production of a neutral boson with a measured mass of 126.0 + 0.4 (stat) + 0.4 (sys) GeV is presented.
This observation, which has a significance of 5.9 standard deviations, comesponding to a background
fluctuation probability of 1.7 10-%, is compatible with the production and decay of the Standard Model
Higgs boson.

Last Summer ...

596 ! discovery

7. Was, IFJ-PAN

arXiv:1207.7235v1 |hep-ex] 31 Jul2012

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)
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CMS-HIG-12-028

Phys. Lett. B 716 (2012) 30

Observation of a new boson at a mass of 125 GeV with the
CMS experiment at the LHC

The CMS Collaboration*

Abstract

Results are presented from searches for the standard model Higgs boson in proton-
proton collisions at /F = 7 and 8 TéV in the CMS experiment at the LHC, using
data samples corresponding to integrated luminosities of up to 5.1fb at 7RV and
5.3fb " at 8TeV. The search is performed in five decay modes: vy, ZZ, WW, 1117,
andbb. An excess of eventsis observed above the expected background, a local signif-
icance of 5.0 standard deviations, at a mass near 125GeV, signalling the production
of a new particke. The expected significance for a standard model Higgs boson of
that mass is 5.8 standard deviations. The excess is most significant in the two decay
maodes with the best mass resolution, vy and Z¥; a fit to these signals gives a mass of
1253 + 0.4 (stat) £ (L5 (syst. ) GeV. The decay to two photons indicates that the new
particle is a boson with spin different from one.

This paper fs dedicated to the memory of our collengues who worked on CMS
but have since passed away.

T recognition of thefr many contributions to the achievement of this observation.

Submitted to Physics Lefters B

580 ! discovery



From:
ATLAS presentation, CERN July 4, F. Gianotti
CMS presentation, CERN July 4, ]J. Incandela
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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.

Z. Was, IFJ-PAN



‘Breakthrough,

...0On 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 | will discuss
examples of details; to demonstrate
complexity of the tasks

Z. Was, IFJ-PAN
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EUROPEAN ORGANISATION FOR NUCLEAR RESEARCH (CERN)

CERN-PH-EP-2012-218
Submitted to: Physics Letters B

Observation of a New Particle in the Search for the Standard
Model Higgs Boson with the ATLAS Detector at the LHC

The ATLAS Collaboration

Abstract

A search for the Standard Model Higgs boson in proton-proton collisions with the ATLAS detector
at the LHC is presented. The datasets used comespond to integrated luminosities of approximately
4.8 collected at 5= 7 TeVin 2011 and 5.8 fb! at 4= 8 TeVin 2012. Individual searches in the
channels Ho Z7" 4¢, Ho yy and H— WW™ = evgr in the B TeV data are combined with previously
published results of searches for H— ZZ", WW™, bb and r*r in the 7 TeV data and results from
improved analyses of the f{— ZZ*— 4f and H— yy channels in the 7 TeV data. Clear evidence for the
production of a neutral boson with a measured mass of 126.0 = 0.4 (stat) + 0.4 (sys) GeV is presented.
This observation, which has a significance of 5.9 standard deviations. corresponding to a background
fluctuation probability of 1.7 10-*, is compatible with the production and decay of the Standard Model
Higgs boson.

arXiv:1207.7214v1 [hep-ex| 31 Jul 2012

154] A. Djouadil J. Kalinowski, ind M. Spira, HDECAY: A
program for Higgs boson decays in the standard model and its
supersymmetric extension,

Comput. Phys. Commun. 108 (1998) 56.

[61] B.P. Kersevan andlE. Richter-Was, |The Monte Carlo event
generator AcerMC version 2.0 with interfaces to PYTHIA 6.2
and HERWIG 6.5, arXiv:hep-ph/0405247.

[76] S. Jadach, Z. Was R. Decker, and J. H. Kuhn, The tau decay
library TAUOLA: Version 2.4,
Comput. Phys. Commun. 76 (1993) 361.

[77]' P. Golonka and Z. Was JPHOTOS Monte Carlo: A Precision
tool for QED corrections in Z and W decays,
Eur.Phys.]. C45 (2006) 97.

ATLAS quoted four theoretical projects from Poland

7. Was, IFJ-PAN
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Breakthrough ...

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

a 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 PHOTOQS it is simulation of bremsstrahlung in 4-
lepton final states

[61] ACERMC of E. Richter-Was et. al., was used e.q. for
H backgrounds from single top production.

[54] HDECAY of ). Kalinowski et.al., was used for H b.r.

Z. Was, IFJ-PAN 12



‘Few examples of pheno. tasks
needed for Higgs observables

>| have chosen three applications using
TAUOLA and PHOTOS MC(C's:

> H spin measurement in H- 1t 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.

Z. Was, IFJ-PAN 13



‘Example 1: TAUOLA

Simulation for H spin=2 hypothesis.

*H - tau tau channel is not central for
spin measurement, but may complete
the picture

Z. Was, IFJ-PAN
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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

universal interface 23

s

\.

Formalism for 777~

o Because narrow T width approximation can be obviously used for phase space ,
cross section for the process ff — 7777 Y: 7T — X577 = v reads:

do =Y IMPAQ =Y IM[PdQppoq A+ dD,-

spin spin

o This formalism is fine, but because of over 20 7 decay channels we have over 400
distinct processes. Also picture of production and decay are mixed.

o but (only 7 spin indices are explicitly written):
2
o prod o
M=) MY M5 M3,
A Ao=1

o Formula for the cross section can be re-written

do = (Y M) (30 1M ) (X 1Mt drq ds 92,

spin spin spin

y,

Z. Was September, 2004
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‘Use of tau spin at LHC

General form of density
matrix is universal.

For Higgs R__=1 for
Z/[gamma* R_=-1 also R,
R ,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.

0

universal interface 24

s

e where

wt={ Y Ryhin)

i,j=0,3

Rpo=1, <wt>=1, 0<wt<4.

R;; can be calculated from M), ),
and h', h7 respectively from M and M7

o Bell inequalities tell us that it is impossible to re-write wt in the following form

wt%( Y R;‘hi)( y thj>

1,7=0,3 1,5=0,3

that means it is impossible to generate first 71 and 7 first in some given ‘ quantum
state’ and later perform separatelly decays of Tand T

o |t can be done only if approximations are used !!!

o May be often reasonable, but nonetheless approximations.

y,

Z. Was September, 2004
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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, ]. 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

Arbitrary units
o
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0.5 1
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TAUOLA need low energy experiments

* Details of tau decays
need to be modeled
on the basis e.qg. of

Resonance Chiral

_agrangian approach

* Fits to the Belle BaBat

data must follow.

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

o
N

o

o

oo
T

o
o
(=2
T T T

S
=

([dN/dM(c*))/N)/ (20Me Vi c?)
o

—

o

N

T T |
.II

| | | | | I | | | ] |
I~ ' Unfolded Data - BaBar Thesis: SLAC-R-936
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" —TAUOLA - New Model!
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‘SM Higgs sector consistency test

One of the important relation of SM is the
one between three masses:

*top quark mass
*\WW mass
*Higgs mass

Precision measurements for this relation
are pursued:




Consistency test in SM Higgs Sector

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

Standard model fit

July 2012
80-5_""|""|""|""|""|""|""|""_
| OO LEPEWWG (2011) 68% CL (excluding MW, mwp & direct Higgs exclusion) —]
- @ 68% CL (by area) MW (2009), mmp 3 —
- O 68% CL (by area) M, (2012), ™o o° —
. 80.45 [— AP —
With Mw = 80385+15 MeV N o~ 7
3 s0al -
My = 94+29 54 GeV 5] s N
My < 152 GeV @95% CL = - .
= 80.35 — —]
LEPEWWG/ZFitter N -
80.3 |- =
T T ST SN T TN SN T T AN S N TN S NN TN SN SN S N SN S AN TN AN TN T SO S T SN SN ST SN SN S SO T S

155 160 165 170 175 180 185 190 195

My, (GeV)

Now Higgs mass is known: improve precision for W mass measurement

Z. Was, IFJ-PAN 20



High precision in MC needed:

CDF i f L dt = 2.2 fb™
-
Q
5 - ® Data
0.025}- = 15080 — Simulation
@
. 5
0.02[- 2 N
N 10000(—
0.015[- i
: i M, = (80379 = 16_,_,) MeV
C 5000\—
- - y2/dof = 58 / 48
0.005f
T O s P ..
%o 70 80 90 100

my(1v) (GeV)

mo = \/Qp%p%(l — cos AbOy,)

Note: how tiny is effect of 15 MeV

Z. Was, IFJ-PAN 21



This improvement was achieved by
experimental and theoretical efforts

Main achievements: Lepton resolution and QED FSR

Now PDF's and p_(W) main TH systematic err. - see later
CDF: 200pb! measurement (2008)

CDF: 2.2fb'! measurement (2012)

Source Uncertamnty (MeV)

Lepton energy scale and resolution

—
3
i

Source Uncertainty (MeV)
| Lepton Scale 23.1
Lepton Resolution 4.4
Lepton Efficiency 1.7
Lepton Tower Removal 6.3
Recoll Energy Scale 8.3
Recoll Energy Resolution 0.6
Backgrounds 6.4
PDFs 12.6
W Boson pr 3.9
Photon Radiation 11.6

Phys. Rev. D77, 112001 (2008)

7. Was, IFJ-PAN

Recoll energy scale and resolution b
Lepton removal 2
Backgrounds 3

pr(W) model 5 €=

Parton distributions U
I'OED radiation 4
W -boson statistics 12
Total 19

Phys. Rev. lett. 108, 151803 (2012)
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‘Example 2: PHOTOS for M_

QED bremsstrahlung is of importance for
this measurement.

PHOTOS iIs used to simulate

bremsstrahlung in decays (as one of the
alternatives).

Z. Was, IFJ-PAN
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Simulation in CDF divided into blocks

Generator level simulation from RESBOS' i :

« QCD effects, tunable parameters for non- [
perturbative regime (low-pr) 4

QED radiation simulated by PHOTOS? .
* FSR multiphoton simulation 7 N

Fit parameters in boson pr shape IC Balazs and C-P Yuan, PRD 55, 5558 (1997)
. Low pT sensitive to g2 2P Golonka and Z. Was, Eur. J. Phys. C 45, 97 (2006)

}AMw =5 MeV

* Intermediate-high pr sensitive to as
Tuning with Z data applied to Ws

QED FSR was generated with PHOTOS

7. Was, IFJ-PAN



‘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
iIntervene. 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.

Z. Was, IFJ-PAN
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‘Separation PW-QED in W decay

Let us consider a formal separation of the pure weak (PW) and QED contributions
6" and 69 to the total W — u + d decay width

TPH +QED _ FLD((SPW + {5QED)' (1}

This process 1s described by 6 QED-like diagrams with virtual photon Ime and 3 other
ones with real photon emission which together lead to the formula

2 vl
JRED = - {Qu (— - —) (QQ Qd) (— - %1{3‘% el )] ;
Pﬁpu

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 Iin MT(W):

QED FSR corrections for
transverse mass MT.

S[%%6]

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

pp W = uv,(y)

—— PHOTOS bare
—— SANC bare

40 30 60 70 80 90 100 110 120
T(“Vu) [GeV




Example 3: PHOTOS and ¢*

Already at present, dominant th. systematic
error in W mass measurement is due to PDF's
and uncertainties for p_(W).

To control better PDF's and p_(W) measure-
ments of Z production @LHC are optimized.
Instead of measuring p_(Z), it is better to use

¢* constructed from directions of leptons in
Z- |7 | decay

Lepton directions are measured precisely!

Z. Was, IFJ-PAN
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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

o* ~ p(Z)/M,

arXiv:1211.6899

10
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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.

| hope my talk could send such a message.

Z. Was, IFJ-PAN 30



Extra slides

7. Was, IFJ-PAN
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Beam Axis

proton prot
| P | =ve,2+
* rapidity Y = - In E+p,
2 E-p,
o 0
e pseudorapidity n =-In (tan? )

Fiducial region:

Electron p; > 20 GeV, Positron p; > 20 GeV

| n | Electron < 2.4, |n| Positron <2.4
66 GeV <M <116 GeV

Zboson
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Plane (x,y) : Ny
1 1
E e+ : e+
o 1 i
] / r | é"ﬁ
L LS
A@ : gf’;‘r e : g*ff +
‘@gunii‘-m j‘? &ﬁn‘-'ffhw 4 ‘*\% 8
ﬁgf 1 ? E\?’ 1 ﬁ 3
[ L L R L EEEE +
» M} & \\
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Pacop = T — Ag.

oF = tan(¢acop/2) Sin(gi) n In (tan 6_2 )
- T}--— e"‘

0)=tanh | —— }, == =
COb( ) an ( 5 ) . n In (tan > )

We want to measure do(Z->l+l-)/d®* at Born level in the fiducial region and need to k
the uncertainty on the ®* distribution (dN(Z->1+I-)/d®* ) due to the approximations on
in PHOTOS calculations (=€, n)
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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 T 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.].C51:569-583,2007

Z. Was, IFJ-PAN 34



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, "MC-TESTER 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

———> 1 nu(gamma) and gamma* ---> pi+ pi —-(gamma),'' Eur. Phys. J. C 70, 673
(2010) .
N. Davidson, G. Nanava, T. Przedzinski, E. Richter-Was 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 [hep-ph]].

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 1”pm nu_1l (gamma)
decays, '' [arXiv:1201.0189 [hep-ph]]. (EPJC in print)

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

[arXiv:1203.3955 [hep-ph]].
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http://www.ph.unimelb.edu.au/~ndavidson/tauola/doxygen/index.html
http://sftweb.cern.ch/generators/

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35

