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LHC is a unique tool to directly probe the
EW sector, the EW symmetry breaking
mechanism and study the heaviest quark
(top physics) ---

FERMIONS BOSONS
MATTER FORCE CARRIERS

| auarks  [T] GAUGE BOSONS

"] LEPTONS HIGGS BOSON

- and also search for new phenomena !!!

PARTICLES OF THE STANDARD MODEL




Top and Higgs physics

Top quark Higgs mechanirits -
. Heaviest particle i
- Decay before hadronizing
top: 173.3 GeV .
W: 804 Gev » o || Theory in 1964
(Z: 91.2 GeV) w* 5. B Discovery 1in 2012
b: 4.2 GeV { EW symmetry breaking
b mechanism
Higgs decays (125 GeV) Yukawa coupling: top-Higgs
) Direct measurement
ST bb | e .
"WW
s t
TT g -
zz | < g §
Tautre . t

3° ° Indirect measurement
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Beyond the Standard Model

Experimental problems

Ordinary Matter Neutrino masses
" Dark Matter Dark matter & energy
“Dark Energy Matter/anti-matter asymmetry

Theoretical problems

Origin of Higgs potential, hierachy problem
Unification of the interactions (GUT)
Scales of particle masses ...

s SUSYIpRrOoie Beyond the standard models
WY Supersymmetry
Extra-dimensions

Compositness

Leptoquarks

. Quarks . Leptons . Force particles
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Large Hadron Collider

Présentation Master 11

pp collisions

Vs =2.2TeV (2009)
7 TeV (2010)
=> world record !
8 TeV (2012)

-~




Large Hadron Collider

Runl 2009-2012
7 -8 TeV
~ ~25fb™ (recorded by CMS)
/Y, Discovery of Higgs boson

Run Il 2015-2018 (ongoing)
13 TeV
~70 fb (recorded by CMS)
Discovery of ... ?

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:22 to 2017-10-04 21:13 UTC

T 45
2010, 7 TeV, 45.0 pb !

2011, 7 TeV, 6.1 ' / 40

2012, 8 TeV, 23.3 M '
2015, 13 TeV, 4.2 b '
2016, 13 TeV, 40.8 b ' 130
2017, 13 TeV, 30.7 b '

125

3 j 120
3 115
3 110
| 5

4/':.504/ . ; , J ;i .

A e A N e N A
Date (UTC)
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Run li: new data to analyze ...

® Peak luminosity ==Integrated luminosity

T e e P e e e i e w2 7

Your generation will analyse Run |l data ...
... and might find new physics ...

S N S S [ I S S T T S T

... Or improve measurement accuracy ..
... study the Higgs sector ...
... study rare processes ...

0.00£400

2018
2019
2020
2021
2022
2023

Year ending

dnd the future to be prepared :--
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CMS Collaboration

4800 collaborators:
1956 physicists
982 PhD students

087 engineers
~_ 964 students

43 countries
194 1nstituts

S
/
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CMS detector

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter : 15.0 m Pixel (100x150 pym) ~16m* ~66M channels
Overall length :28.7m Microstrips (80x180 ym) ~200m? ~9.6M channels
Magnetic field :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m? ~137,000 channels

\ FORWARD CALORIMETER
7 Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)

Brass + Plastic scintillator ~7,000 channels
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CMS detector

e A S N
Forward hadron
calorimeter

Superconducting
solenoid magnet

Hadron
calorimeter chambers

detector sections



Erom detection to particle reconstruction

g
3

! 1
Om im

im m

Key:
Muon

=== Electron
Charged Hadron (e.g. Pion)
= = = - Neutral Hadron {e.g. Neutron)

- Photon

SSSSSSS

Particle reconstruction I HCAL
' : Clusters
: detector > .

. tracking

. calorimetry

- Particle flow

. Transverse missing energy

Tracks \

F. Beaudette
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Silicon
Tracker

=

Calorimeter

Hadron
Calorimeter

w of CMS detecto

8

Superconducting
Solenoid Iron return yoke interspersed

with Muon chambers
3m 4m 5m 6m
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Silicon
Tracker
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Calorimeter
Hadron

Calorimeter Superconducting

Solenoid

2m 3{n

Iron return yoke interspersed
with Muon chambers
4P SP 6P

Om Tm
L l l

Key:
Muon Electron

Neutral Hadron (e.g. Neutron)

Charged Hadron (e.g. Pion)

Photon
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Silicon
Tracker
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Calorimeter

Hadron
Calorimeter Superconducting

Solenoid Iron return yoke interspersed
Om Tm

with Muon chambers
. . 2m 3m am > m 6m

Key:

Muon Electron

Charged Hadron (e.g. Pion)
Photon

Neutral Hadron (e.g. Neutron)




CMS organigram and interplay btw groups

f_l\ ~ : N

ey
_ Muons | ~ Top
s
et MET

ib—tagging:
e— \, J —

\ /

CMS@IPHC involvements Pheno
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CMS team @IPHC

Jean-Marie Brom Pierre Van Hove
~ A\ v ) i /\\\\ . p—
Z'ﬁ ~ ’_ Mj'w )

Ulrich Goerlach  jo4n.Charles Fontaine Jean-Laurent Agram  Jean-Eric Conte

Upgrade DAQ Gross, Ltracker CMS
Laurent aurent Charles, Christian
Bonnin, Jérdbme Hosselet, Damien
Tromson

Grille de calcul (et cloud) IPHC Viadimir Cherepanov: - 1oume Bourgatte Marketa Jansona  Nicolas Tonon

Yannick Patois, Jérdbme Pansanel, Eric Kieffer,

Emmanuel Medernach, Nicolas Rudolf, Christoph ..
Helfer, Sébastien Geiger, Vincent Legoll 12 physicists, 1 Post-doc, 3 PhD students
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detector

upgrdes /

CMS Preimin =7TeV,L=501";i5=8TaV, L= 1. g il
- —— 5 il HCAL ;
o] g Clusters 8
I " hadron | : e Hﬂ detector S
Hadronic v |- L :: o§ !
ar - b s
; o eCAL X b
al I— B e Clustérs
Same-Sign 21 - — .
Combination |~ N particle-flow I]H
E R T B [ T R S R e

Best fit ofagy at m,, = 125.7 GeV
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Tracker

Historical involvement of IPHC
— participation to the construction

- Data-taking (shifts)

. Study of performances and monitoring
. Efficiency
. Ageing studies

Responsibility for local reco & calibration
of the strip tracker

Participation to the upgrades
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detector

reconstruction /

CMS Preimin =7TeV,L=501";i5=8TaV, L= 1. g il
- —— 5 il HCAL ;
o] g Clusters 8
I " hadron | : e Hﬂ detector S
Hadronic v |- L :: o§ !
ar - b s
; o eCAL X b
al I— B e Clustérs
Same-Sign 21 - — .
Combination |~ N particle-flow I]H
E R T B [ T R S R e

Best fit ofagy at m,, = 125.7 GeV
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Trigger system

&=

Goal:
Select the 1000 most interesting

L events among 40 000 000 produced
cg during collisions

e

=

3

=

L Involvement @ IPHC:

§ Work on b-tagging algorithms working @ HLT
=

Qo

)]
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detector

<': reconstruction 7

CMS Preimin =7TeV,L=501";i5=8TaV, L= 1. g il
- —— 5 il HCAL ;
o] g Clusters 8
I " hadron | : e Hﬂ detector S
Hadronic v |- L :: o§ !
ar - b s
; o eCAL X b
al I— B e Clustérs
Same-Sign 21 - — .
Combination |~ N particle-flow I]H
E R T B [ T R S R e

Best fit ofagy at m,, = 125.7 GeV

Eric CHABERT Présentation Master 11



B-tagging

Properties of b-jets

Displaced
cks

Secondary
Vertex

72
xy 7/ {

'
Primary )
Vertex !

Expertlse of IPHC
B-tagging @ HLC
Commissioning

Calibration of discriminant

-High mass

(5 GeV)

-Long lifetime(1.5 ps)

-High yct

(qq mm)

-High track multiplicity (~5)
-Possible leptonic decays (b = uX 20%)

Jets/0.02

Q
Performance measurements §
(=]

Preparation for upgrade

Eric CHABERT

107

Vs=13 TeV 25ns

Preliminary

Multijets
AK4 jets (50 < p_< 250 GeV)

B udsg
b from gluon splitting
] pile-up

0 01 02 03 04 05 06 07 08 09 1
CSVv2 Discriminator
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Decay mode Meson resonance B [%]
T e Vel 17.8 Properties of taus
i B 1.4 - Heaviest lepton (1.7 GeV)
- - . .
% 0 0(770) 2.0 - Mainly decays in hadrons
ik h v a1 (1260) 9.5
T~ —=h"hth v, a;(1260) 9.8
= > h hth™ v, 48 QD las
i Isolation cone
All modes containing hadrons 64.8 Core cone |

Reconstruction of hadronic tau

decays

- Low track multiplicity

- Reconstruction of intermediate
resonances

Expertise of IPHC
- Discrimination against anti-electrons
- polarization

Eric CHABERT Présentation Master 11




detector

Pheno
Analyses reconstruction /

CMS Preimin =7TeV,L=501";i5=8TaV, L= 1. g il
- —— 5 il HCAL ;
o] g Clusters 8
I " hadron | : e Hﬂ detector S
Hadronic v |- L :: o§ !
ar - b s
; o eCAL X b
al I— B e Clustérs
Same-Sign 21 - — .
Combination |~ N particle-flow I]H
E R T B [ T R S R e

Best fit ofagy at m,, = 125.7 GeV
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Physics analyses @ IPHC

@ Top pair cross-section

@ b-tagging efficiency
measurement using tt

@ Study of tZqg processes

top quark g
— @ Search for ttH Higgs boson
@ CPVin H>1T1
@ In tt spin polarization
@ Single top FCNC
@ Seach for monotop
(top+ invisble)

@ Search for stop/sbottom
pair production

Beyond the

Standard Model i
S u pe rsym m etry ‘f-SupersvmmeS‘lc
"shadow" particles




ttH: top yukawa coupling

Direct measurement

T § )
3102§ M(H)— 125 Gev—g St OCD=2 QED=8
S E 'l\_O acp £ N0 2l :é . .
2| _monss i Measurement in the leptonic channels performed
:fr: 10? —é @ IPHC With the use Of the CMS Preliminary 35.9 fb"' (13 TeV)
& | " 1| Matrix Element Method m, = 125 GeV
= :_/p,_ n=15°° [*gg (stat) 04 (syst)]
5/ oot
:/p-‘
1_/
6789 q0 1112 15 14 15
(s [TeV]

First observation of this process with a 105005 115 2 25 8 35

significance of 3.3 Best ft w(tth)
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Top quark physics: rare processes

a,

tZq

q 4 aq d aq
# L * . Processes predicted by SM
w - Cross-section enhanced by
N ‘ some BSM models
(@) (b) (©

T ¢ 9 7 CMS simuiation 35.9 fo' (13 TeV)
O3 T " " T " T " "I [ [
w w N — g : - Sne
o z 025 2Pt —ignal (MEM)
z — S1am backgrounds
b t “n t k 8 — Sum backgrounds {+MENG
: , —t :
(@ (e) ® 30
:
Involvement of IPHC S
—> Participation/Responsibility of the :
analyses since run I T P T

BDT

First observation of this process with a
significance of 3.7
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Supersymmetric searches: stop

CMS 359fb" (13 TeV) t
_.@ IIIIIIIIIJIIIIIIIIIJ I~IIIIIII|| AZNJSS,tmod>10,
qc) - I Lost Eapton l{; 1l (not from t). - txj’(QOO,SOO) M, <175 GeV
S B Z-wW &% Total uncertainty - t— bx‘*(600.300) IB:N <3t 10
a8 fis 1l ¢ Data -+ T 159/ t- bE=(600,300) 1 Y T T moa T T ~
I KRG SR "1 M, >175Gev p t e 0
10 & i DIEIF @ R I GN 4t <0 - 1
g : L al E R R _ -
: E s . 1 M,<175GeV
107 g D:N;24,t <0, =
= mod ~ -
v 1 M,>175GeV D e e ¥
'l JENz40<t <0, t 1
4 M,, <175 GeV
1 3. : T B FiN>40<t <10
L W LLE | L it M, > 175 GeV ( a ) E
b Sl e G:N;24,t >10,
M, <175 GeV CMS 35.9 b (13 TeV) )
H:Ny 24t >10, = 00 - =10
M, > 175 GeV 8 pp > TET > t %] NLO+NLL exclusion E
W BT T a1 L T T It 7 T =T (] reeretEReine = 700| ==Observed £ 10y, 4
0!5’_ ] PR /(4%*' "(J,;j capimd et s Bl Bt I: Compressed G 33 Expected + 1 |
= 3 *f‘**‘lg;"‘ ’3‘“’}’%’}? S i F-?*’f"f_. 3 LA ’\»ff\ region = ===EXp T 1 Ocxperiment 310
.g o3 ., I, ™, t N I A TN R N I iRl 600 3
o ETS [GeV] -
500 1
[ ] [ ] [ ) [ ] A
Main signal characteristic: 400

High MET signing the presence of neutralinos
- Derived quantities

300

200

100

95% C.L. upper limit on cross section [pb]

Involvement of IPHC 0%00 200 600 800 1000 1200 10"
—> Participation/Responsibility m. [GeV]
of the analyses since run I Limits entering into the constraining the

naturalness territory ...
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Physics papers & results

Involvement of CMS@IPHC

‘ Show all ’ Total Exotica Standard Model ISupersymmetry Higgs Top Physics I

Heavy lon B Physics Forward Physics Beyond 2 Generations

|661 collider data papers submitted as of 2017-09-28 I

s

Gauge boson

NS+ R Vieighted Events 1.5 CeV |
|
o 2 Wl

ons

Wil i
Frangois Engle:




Physics analyses @ IPHC

top quark .
Higgs boson

1st observation of tZq: 3.7 o |

| 15t observation of ttH: 3.3 ¢

No discovery but
extension of the limits for

Beyond the N
Standard Model stop mass > 1 TeV

Supersymmetry



Phenomelogy

L] ] L] . -» - ]
Expertise logiciel Collaboration Etudes phénomeénologiques
internationale -
~ 100 analyses .
FeynRules, e Physique
d h PURlGEs Model building expérimentale
MadGrap _MC@NLO, ~ 20 analyses _ Oas] MECNE s
Pythia, ATLAS/CMS * =
Delphes réimplémentées L= —W,F® =W F}
\_ 5 W ménologie
_%'A!‘.’II)IZ,U . J,D
r
Framework d’analyse i
MAS (MAD ANALY&ZS ) * Etude de sensibilité
} Recherche de FCNC dans le secteur du top (Z, g, v,H)
depuis 2012 Recherche de la signature monotop)
QD 5 Recherche de vector-like quarks
na y S1S
5 * Réinterprétation de résultats
P Contraintes sur un modele top - matiére noire
Développement \ y
1 publi MAS, Publi Monotop hadronique
CPC 184 (2013) 222-256 PhysRevD 84 074025
192 citations 51 citations
1°r¢ école internationale 15 publications
MadAnalysis 5 depuis 2012

en Corée (2017)
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detector

upgrdes /

=@~ | cconstruction /

CMS Preimin =7TeV,L=501";i5=8TaV, L= 1. g il
- —— 5 il HCAL ;
o] g Clusters 8
I " hadron | : e Hﬂ detector S
Hadronic v |- L :: o§ !
ar - b s
; o eCAL X b
al I— B e Clustérs
Same-Sign 21 - — .
Combination |~ N particle-flow I]H
E R T B [ T R S R e

Best fit ofagy at m,, = 125.7 GeV
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LHC schedule

e Peak luminosity =—Integrated luminosity

6.0E+34 3500

5.0E+34 2000

2500
4.0E+34 -

Trigger- | | Trigger .| Trigger

Rate: | =~ | -Rate: | = | -Rate:

~500Hz | | ~1kHz = | ~1kHz
\ i it;|1-%-"7“-f-”r" : :

N
o
o
o

Integrated luminosity [fb]

3.0E+34 -
- 1500
IV AN MEN LR Yem BEs

' : ; ' ] i H H ' : . { ' H | ' ' H 1000

Luminosity [cm2s]

I @M el ' Trigger-
- L B s ' ~7.5kHz
o B
0.0E+00 o= : ‘ ) 5
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38

' ' \ \
' ' ' L
' | '

[

1 L L

Year
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Pixels — Phase |

Extended technical stop (2016-2017)
- remplacement of the pixel detector

-New readout
Excellent efficiency even at high luminosity
Faster
-3 2 4 layers (materiel budget divided by 2)
-Better resolution

Responsibility of IPHC
Data Acquisition (DAQ) based on newer electronic cards (UTCA)
Coordination of DAQ activities for Phase I @ CERN

Vlenm snaboum R(ea(Mayzma) ul:
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Iracker — Phase ll

Replacement of the whole tracker
- Increase radiation hardness

- Extend angular coverage
- Able to work with a PU of 200
- Including in the L1 trigger

Expertise of IPHC

- Working on DAQ system based on uTCA cards

- Test of electronic chains

- Responsible for DAQ during beam tests where prototypes are testes/characterized

T
i L

high transverse fail
momentum
h i
low transverse
momentum
: 5 ° o “stub”
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instrumentation

Diversity of skills

Physics analysis

> o e
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Supersymmetry: Tau polarisation @
Search for stop LHC
at run Il with CMS Detector & DAQ

tests for upgrade

e &5 y
“Cont 3
- ] %
o
g
! i
S 3 >
! ” ‘ g
;
> =/ 4
- - ¥/ 4R R )
{ A1 1
4 U p

C. Collard | E. abe = U. Goerlach | V. Cherepanov

__———-—‘—‘—’.—-

Eric.Chabert@iohc.cnrs.fr ulrich.goerlach@iphc.cnrs.fr

Caroline.Collard@iohc.cnrs.fr Aspects formels et vladimir.cherepanov@iphc.cnrs.fr
phénoménologiques de la
SUSY : des principes de
construction aux predictions
pour les collisionneurs

eric.conte@iphc.cnrs.fr

michel.rausch@iphc.cnrs.fr

présentation le 26/10

E. Conte | M. Rausch de Traubenberg



Supersymmetry: Tau polarisation @
Search for stop LHC
at run Il with CMS Detector & DAQ

tests for upgrade

U. Goerlach | V. Cherepanov

ulrich.goerlach@iphc.cnrs.fr

Eric.Chabert@iphc.cnrs.fr —_— :
Caroline Collard@iohc.cnrs.fr Aspects formels et vladimir.cherepanov@iphc.cnrs.fr

phénoménologiques de la
SUSY : des principes de

construction aux predictions

pour les collisionneurs

eric.conte@iphc.cnrs.fr

michel.rausch@iphc.cnrs.fr

présentation le 26/10

E. Conte | M. Rausch de Traubenberg




superSymmetry (SUSY) in a nutshell

BSM models ... Good features of SUSY:

Standard particles

ey i fii‘

) Quarks @ teotons @ Force particies

SUSY particles

CMSSM
- Charginos
- Neutralinos

Squarks o Sleptons ‘ E.U&k:eo



Search for a scalar top (stop)

SM matter Dark matter?
4.6%

Dark
Matter
24%

SUSY

mass
[
Saak!
~
<1
@)
1\
~ ! \ ™~
!
!
i
\
/
> 71

% ” ,

-E b
o . b t — b)z:t h ’;’,4‘1?
sl X ., z = {0.25, >' A
” |44 0.50, 7 N

X 0.75} b

1-lepton channel
Ist W — qq 2nd W — luy



Search for a scalar top (stop)

i(ll ;’% {g [ [—-)I, fg W B g 1° and 2" gen. sfermions —
¢ ® @ e ® @ e ® B ® @0 @
' ) ) ) mass
el « Simplified models - free parameters are masses
o B « Depends on mass spectra and branching ratio
t
t — tx° t
oL — Ly~ parameter space
A
A 0
p A IOX o\\{&
'-. n> ilf
g
:g: : —14 TeV
s 5 ol low energy
§ ol - . decay products
E A7 o8
8 F .
S ¥
13 o high energy
: P decay products
o ’
E Stop pair W t
107 production rate Am = ms — M=o
- arXiv:1211.4288
10'35- | PRSI NS SO TS SN N S S A TR S SRS U S SN SN SRS M
200 300 400 500 600 700 800
light stop mass (GeV)



Search for a scalar top (stop)

" cms 19.5 10" (1L) + 19.7 fb” (2L) (8 TeV) -
% 4001pp ~ 7T, Tt
g %Observed=1am 10
| ‘l;;- 300 - ===Expected = 1:78“,,,:',,,
detoctor » £ 1
"' detector - i .
l| : 100: ,l = 10°
missing transverse energy m 200 600 gop '
N (EF™*) e m(t;) (GeV),
N Bl leptons :
e CMS 36.91'(13TeV)
S . ! " o
. % pp > TLT—t% NLO+NLL exclusion = 2
« Event selection O, 700 EObseNed;mmm ; =
« Study several variables g~ | 222 Expected £ 10y H10 B
« Event reconstruction e r @
- Event categorization o 1 2
. . —= 1 o
* Optimization e 1 <
. . e 400 i 9
« Background estimation - i =
« Systematics uncertainties = 300 3107
« Hypotheses tests a7 . g
- discovery ? = 102
—> Limits / interpretations . ©
P
wn
(o]

o bt O
400 600 800 1000 1200

m. [GeV]




How to extend our searches 2

. . L t High top p
« “Classical” searches refined edas - v

» Boosted object tagging

« Usage of advanced W __boost _
machine learning
techniques

- Better control of the :
SySte m atl CS DEEP NEURAL NETWORK

¢ T e e B i b et B o

Dedicated searches for
compressed spectra
New channels:

» Decays with taus

* Production not per pair

* Asymmetric decays
Longer decay chains
R-Parity violation ---
Extended SUSY models

« Extended higgs sector
« Hidden sector




How to extend our searches 2

« “Classical” searches refined b
» Boosted object tagging

« Usage of advanced
machine learning -
techniques ,

« Better control of the tt t 15
. — — M i d2017
systematics < 900 PP .
o s 8 CMS Prellmlnary 35 9 fb (1 3 TeV)
) = 8005 —SUS-16-033, 0-lep (HT™%) _gﬁpected :
* Dedicated searches for £ 700f ~SUS-16-036, 0-lep (M) R
- —SUS-16-049, 0-lep stop
compressed spectra 600 —SUS-16-051, 1-Iep stop
- —=SUS-17-001, 2-lep sto
¢ NeW ChannEIS: 5003_ —Comb. 0-, 1- and Z-Ieppstop = o,

» Decays with taus

* Production not per pair

* Asymmetric decays
Longer decay chains
R-Parity violation --- YL ;
Extended SUSY models 0L a0 w0 'm0 1000 7200

« Extended higgs sector my [GeV]
« Hidden sector

400
300

200

100

lllllllIlllllIllIlIIllI[llllIllllI

Holes -



How to extend our searches 2

« “Classical” searches refined
» Boosted object tagging
« Usage of advanced
machine learning
techniques
» Better control of the
systematics
 Dedicated searches for
compressed spectra

b
* New channels: i E p E <
 Decays with taus > S O N

» Production not per pair = iﬁzz ) .

- Asymmetric decays . t)[\<
 Longer decay chains :
 R-Parity violation ---
 Extended SUSY models

« Extended higgs sector

 Hidden sector
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Helicity measurement of tau-leptons,

the key to fundamental parameters of the

SM and BSM physics

Guillaume Bourgatte, Vladimir Cherepanov, Ulrich Goerlach, Anne-Catherine Lebihan

Most precise measurement of tau polarisation

Measurement of effective weak mixing angle in the decay of Z"O TT [

Weak vector and axial vector couplings of tau leptons (Neutral Currents)
Transverse and longitudinal spin correlations in Z"O TT

Ultimate goal is to measure possible CP violation in Higgs O‘L’ T decays
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Neutral bosons mix = Physical bosons
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Tau hadronic V1 Neutrinos are not

decays &
8q\

Decay mode Meson resonance B [%]
T- e Vel 17.8
T Y Uyl 17.4
T~ —h v, 11.5
T~ > h v 0(770) 26.0
T =h P nlv, a1 (1260) 9.5
T~ —=h"hT™h v, a;(1260) 9.8
T~ =>h " hth 7w 4.8
Other modes with hadrons 3.2

All modes containing hadrons 64.8




Hadronic tau decays, reconstructed

Mass of 0 =770 MeV
One prong plus t° T%pV%T[OT[iV
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Tau polarisation in 22 decays:

The spin state of tau lepton can be exctracted
RR R RL T from angular distribution of the decay products
0 0

£ Z X > = Z z -
qR qL qR q]_
! TR v Neutrino escapes detection
ihAt oc — e " : o T Ty T
Coupling: 9. (gv g;) 0.463 Coupling 9, (gv+ gA) 0.537
gT//
. 9
H\
@ 7 are preferably with helicity -1 W g \\
q —
o Polarization asymmetry: Apo = L[o(h, = +1) — o(h, = —1)] q
T i}
3 ; 3 % 15D
g V Table 2.2: Couplings for Z — f f in Standard Model (with sin” 6y = 0.231)
At the Z-pole |A,, ~ 2=— p =
gT f Of ag &R SL
A Ve, Vu, Vr 0 3 +1 0 1
20.a e, u=, 7= -1 —3+2sin®6w~—-0037 -3 0463 -0.537
1 Spard § 2 + 8si 2 3 u,c,t x2 1 _245in?0,y ~ 0191 +1 -0309 0.691
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— 2 R + osin” Oyy. d,s, b —1 14 Zsin?0w~—0345 -1 0155 -0.845
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: . . V. ;
Tau polarisation reconstruction: / i

i Al
e, . A

PV

Neutrino is not measured

a, But we need to know
s direction of tau! @ | describes the relative pions orientation within its plane

Spin analyzers for a; — 3w decay in a; rest frame:

@ 3 is the angle between laboratory and the 37 plane



2’ =2 T T () hadrons or leptons and hadrons

* Combining the information from all CMS sub-detectors allows to fully

reconstruct the di-tau system including escaped neutrinos!

* Find « optimal » variables to determine how many taus are produced

s 3
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h=+

in negative and positive helicity state

=1 1
h_'é 2



T->pv->1nty

CMS Preliminary 2015, 2.3 b (13TeV)
T

® Observed
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* Many possibilities have to be analysed and tested with data
* Needs a good understanding of the physics
* A high precision can be achieved analysing and combining together various tau decay channels

torF ot
T—=a1V=2TUTU TV
:MS. 2 " 10.7 " (8 TeV)
= e om
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Examples of two variables, which could be used.

Others in development ...

Effective weak mixing angle measured in

8 TeV LHC data

LEP+SLD H 0.2315 +0.0002
Phys. Rept. 427 (2006) 257

—LEP AFB(b) ° 0.2322 +0.0003
Phys. Rept. 427 (2006) 257
SLDALR . 0.2310 +0.0003
Phys. Rev. Lett. 84 (2000) 5945

—D0 - 0.2315 + 0.0005
Phys. Rev. Lett. 115 (2015) 041801
CDF g = 0.2315 +0.0010
Phys. Rev. Lett. D89 (2014) 0722005

—ATLAS . 0.2308 +0.0012
arXiv:1503:03709
CMS —— 0.2287 +0.0032
Phys. Rev. Lett. D84 (2011) 112002

—1LHCb —— 0.2314 + 0.0011
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Why high-precision measurements?

Direct searches at LHC do not show -0.032
a big success so far ... |

(= no new particles ) 10.035-
S
Small loop effects of New Physics
. : -0.038 1
can be visible in very precisely measured
parameters
-0.041

. -0.503 -0.502 -0.501  -05
A striking example from LEP, the masses an

of top quark and Higgs boson were
predicted long ago of the actual discovery!



PhD Thesis:

Measurement of Electroweak Parameters in the Decay of Z°2>7TT and
the Upgrade of the CMS Detector for very High Luminosity

Directeur de these : ULRICH GOERLACH,
CO-ENCADRANT : VLADIMIR CHEREPANOV

« stages »:

* Tau-polarisation at the LHC
* Detector and DAQ tests for the Upgrade of the CMS Detector
CO-ENCADRANTS : VLADIMIR CHEREPANOV, ULRICH GOERLACH



Detector and DAQ tests for the Upgrade of the CMS

* Detector and DAQ tests
* Existing test bench

* At the moment being rebuilt with new Scintillators and PMs

*  Work with °°Sr source and

*  Ccosmics

* Test beam, if scheduled (?)

* Goal: understanding of DAQ and
and detectors

 Hardware competences for future
employment

Peltier N Sl J ' readout
element 4

HV bias and
temperature control
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