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Introduction RWNTH

The Elementary Particles

] T are the heaviest of the leptons

o =7 and provide unique oppertunities
L Physic at B-Factories:
: j B Searches for new Physics
—> Lepton Flavour Violations
Leptons - - CP Violation
;; L B Study electro-weak physics
Iprotghs 5 7.5 10 — Electro-weak couplings: |V |/9./9,/9.
Mass (GeV/c?) - Michel Parameters
Physics at the LHC: ~> 1 EDM
B Study electro-weak physics ® Lowenergy QCD
> SM Measurements: W—tv, Z—>11 — a(s) strong
> Higgs —tr - 0-2 measurements
B Search for new physics: - Second Class Currents
> Susy - Resonances structure
> Lepto-quarks - K;(1280) and K;(1400) mixing
- Charged Higgs Doublet LI properties
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SLAC and BaBar RWTH

The BaBar Detector is Iocated on the PEP II, an
e*e collider, at SLAC. Collected data from

1999-2008.
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S o e BABAR collected about 531 fb-! of data
s - - p Lo ~470 x 106 events Y'(4S)

FarHall

~120 x 106 events Y (3S) (10x Belle)
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BaBar Detector

1.5T Solenoid
Detector of mer il AU
Internally — \\
Reflected Py =5
Cherenkov Light ~ag X S %
144 Fused Silica - —
and 11000 PMTs

Drift Chamber
40 layers

e,

af

u,

e (9GeV)

Instrumented Flux Return
Resistive Plate Chambers
& Limited Streamer Tubes

Silicon Vertex Tracker
5 layer, double sided
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Extracting |V | In T Decays RWTH

Branching Ratio Branching Fraction
Theory Uncertainty: 0.5% Theory Uncertainty: 0.7%
B(f —K VT): f[g‘Vusd (l_m}z{/mfz)z Gzrrm:‘szSE”, Vs 2 2 2
— 3 B(r — Kv) = (1=m2 /m? )
B(r T vf) V., (1_m§/mf)2 167h
Finite Energy Sum Rules
Theory Uncertainty: 0.2-0.5% Requires SDF for Finite Energy Sum Rules:
w Branching fraction for all t decay modes
T ,strange .
V. IP= RY /] Vg ? —6R” Invariant mass for all measured t decay modes
ronon~srange =1 ud i Upper limit on all unobserved t decay modes
£6_d| COALEPH|E b E
st OKrn = =3 + (K) from PDG E
O R 5 e :
T 0O K3n+Kn (MC) 25 B (Knnm) E
- | D I_<4TC (MC) 2 ;_ -~ naive parton model
" 0 K5n (MC) 15 b
1 B
05 1 15 2 25 3 “ :

0.5 1 1.5 2 25 3

Mass’ (GeV/cz)Z
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t at the B-Factories RWNTH

t-Pair Signature:

Leptonic vs Hadronic Decay

Backgrounds Discriminants

Bhabha, p-pair Lepton Momentum
Multiplicity

Conversion veto
cos(0)

Two-Photon Missing Transverse Momentum
Missing Mass

Cos(eMiss)

Thrust

Total Reconstructed Energy

e'e— qq g=u,d,s.cb | Thust
Invariant mass

Multiplicity

Once the t-pairs are identified, selection
criteria are applied to the signal hemisphere:
-K/m separation

-Neutral Identification: % mn,y

Modeling © Decays for the Energy and Luminosity Frontiers
lan M. Nugent | lll. Physikalisches Institut B | 16.06.2014




Unfolding Procedure RWTH

Distributions are unfolded to remove detector scale and resolution
effect and are efficiency corrected to obtain the true distribution...

Event Selection

v
: : Normalized
Background > Bayesian Unfolding: »  Invariant Mass
Subtraction (NIM. A362:487-498, 1995) L
Distribution
Compute: Posterior Probability Cj Compute: “True” Distribution
Conditional Probability (MC Response) Data Dist.
Prior Probability for the cause (MC Truth 1sttry ) “True” Dist. T
v A
P(C,|E) = " P(E|C;)P(C) n'(C;) = n(E)P(C|E)

- Y, P(E|C)P(Cy)

)

Posterior Probability

Compute:
Prior Probability

Pf(cra) = 'ﬁ';/j\‘rtofrzl
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Hadronic Structure of t=>hhhv RWTH

BaBar-Preliminary [arXiv:1301.7105]
Cross-Feed - Other t- Bkg B Other Bkg
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Hadronic Structure of t=>hhhv RWTH

BaBar-Preliminary [arXiv:1301.7105]
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Hadronic Structure of t—=>ntrntv RWNTH

The CLEO, OPAL, DELPHI, ARGUS, + ... Experiments have used model
dependent Fits: Torngvist Unitarized Quark Model, Kiihn Santamaria Model,
Isgur, Morningstar and Reader (IMR) Model, Flux Tube Models, + ...
[Nucl.Phys.Proc.Suppl. 123 (2003) 40-46], [Z.Phys. C75 (1997) 593-605]

[Phys. Lett. B bf 426, 411 (1998)], [Phys.Rev. D61 (2000) 012002] and many more ...

“The models used are not unique, as significant variations in their form and
content can lead to similar features in the distributions of observable
guantities. In addition, no model has so far given a fully satisfactory
description of the data.”

[Phys.Rev. D61 (2000) 052004]
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Hadronic Structure of t—=>ntrntv RWNTH

Moments for the structure functions have been measured based on the method
proposed by:

[Z. Phys. C 56, 661 (1992) and Erratum Z. Phys. C67, 364 (1995).]

Both the OPAL and CLEO experiments have the structure functions where a
has been integrated over. [Z.Phys. C75 (1997) 593-605][Phys.Rev. D61 (2000) 052004]

Wy=(xi+xD|Fi > +(3+x3)|F1>+2(x; x,—x3)Re(F F3),
Wp=x3|F3|%,

We=(x] —x3)| F1 > +(x3—x3)|F2* +2(x, X, + x3)Re(F, F¥),
Wo=2[x1x3|F, * — x2x31F2)” + x;3(x2 — x,)Re(F, F3)],
Wg= —2x3(x, +x2)Im(F, F%},

Wp=2x.[x; Im(F; F$)+ x, Im(F, F%}],

=T We=—2x4[x, Re(F F%)+x, Re(F, F¥)],

Wi =2x;x,[Im(F, F§) —Im(F, F3)].

W, = —2x;x,[Re(F, F§)— Re(F, F¥)],

Wsa=0?|F4l%,

Wsa=2/Q7[x) Re(F, F})+x; Re(F2F})],
Wye=—2/Q[x, Im(F, F3)+x, Im(F, F1)],
Wsp=2./Q7xs[Re(F, F1)—~Re(F2FD)],
Wse=—2./Qx;[Im(F, F§)— Im(F, F})],
Wsp=—2/Q%x, Im(F3 F}),

Wsg= —2./0% x4 Re(F5F¥).

1—>Knry - mixing of K,(1280) and K,(1400) related to theory error on |a-o|
1— Knrv /KnKv - Wess-Zunimo Anomaly
[Phys. Lett. B37B (1971) 95][Phys.Rev. D47 (1993) 4012-4021]
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Fitting the Hadronic Spectra RWNTH

To improve the modeling of T decays Tauola authors tuned Tauola using BaBar data
Model based on a RCHL model [Phys.Rev. D88 (2013) 093012].

Main discrepancies point to the resonances measured by CLEO and other former
experiments...

[Phys.Rev. D61 (2000) 012002] [Nucl.Phys.Proc.Suppl. 123 (2003) 40-46].

o model is constructed based on a Breit-Wigner and a exponential function. The

large width and numerical instability suggest problems with the ¢ description.
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Hadronic Spectra Tunes RWTH

Legend

BaBar Experiment Tauola MC.

CLEO Experiment Model [Pythia: arXiv:1211.6730] - Phys.Rev. D61 (2000) 012002
[Pythia: arXiv:1211.6730] - R. Decker, et al., Z.Phys. C58 (1993) 445-452.

Tauola CLEO'98 Tune - Comput.Phys.Commun. 174 (2006) 818-835.

RCHL Models Tauola - Phys.Rev. D88 (2013) 093012.
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Legend

Hadronic Spectra Tunes

o
o
5

BaBar Experiment Tauola
MC.

CLEO Experiment Model
[Pythia: arXiv:1211.6730] -
Phys.Rev. D61 (2000)
012002.

o
=)
@

[Pythia: arXiv:1211.6730] -
R. Decker, et al., Z.Phys.
C58 (1993) 445-452,

0.02

Tauola CLEO'98 Tune -
Comput.Phys.Commun.

174 (2006) 818-835. 0.01

([dN/dM(r'*)]/N)/(10MeV/c?)

RCHL Models Tauola -
Phys.Rev. D88 (2013)
093012. 0~
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The CMS Detector RWNTH

TRACKER
CRYSTAL ECAL

Total weight : 12500 T
Overall diameter : 15.0 m
Overall length 215 m

Magnetic field : 4 Tesla

PRESHOWER

RETURN YOKE

SUPERCONDUCTING
MAGNET

' FORWARD
CALORIMETER

MUON CHAMBERS

3 RTINS

g ki ‘
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Motivation: t’s at the LHC RWNTH

Many interesting channels at the LHC contain a t lepton:
SM Bosons, Higgs, SUSY, Lepto-Quarks

CMS H—1r, 4.9 fb" at 7 TeV, 19.7 fb' at 8 TeV CMS, 4.9fb" at 7 TeV, 19.7 fb" at 8 TeV

P
(=]

& F —— ('!)bserved' ! N ° : ee
& . . : m,=125GeV .
~ 35F — Expected 3 : e
© " [ = 1o Expected 1 « : m o
g 3.0 f [ + 20 Expected 3 8 g_' § -0.54:1.38 8 :l"
= r 15 o : eu )
= X 1 ®w ® 090:103 | M 1O
5 2.5:— EIE =, T, -,
-l C . 9 g EN 1.310.63 Q g
o 20f 13 e | T
§ 15:_ A g E 0.310.55 g E
» il il : ut
g 10 ® E 1.01:041 O &
1.0F . . : I+LL' + I+Lx,
0.5 g ] : -0.331.02
“E ] _.__‘ H-tt
C I | T : 0.78+0.27
0.0 . TR S P S— ' , ¢
100 120 140 0 2 4
my [GeV] Best fit for o/0g,,

H—tt results from LHC: Atlas (4.26) and CMS (3.20).
Expect Z value of greater then 5 in Run |l
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Monte-Carlo Simulation at CMS RWNTH

i Matrix Element Optional !

: Generator ! . _

i ! Overview of:

i i Generator Workflow
i LHE Files

L |

Generator: External Decays:
Pythia8/6, ... | Tauola(++)
Hadronizer: Photos(++)
Pyth|a8/6, EviGen
ThePEG, ...
Detector
Simulation
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Monte-Carlo Simulation at CMS RWNTH

In CMS software framework the MC Generators are built as RPMs which are
accessed through interfaces in CMSSW.

Legend
CMS Plugin Factory

Standard library

External
Decays Driver |- |

PhotosFactory [----- : i TauolaFactory i be-eed] EvtGenFactory
PhotosInterfaceBase -----—----- : TauolalnterfaceBase — EvtGenlnterfaceBase
I I I
PhotoslInterface Tauolalnterface EvtGenlinterface
Photospplnterface Tauolapplnterface EvtGenLHClInterface

For reproducibility of the MC, the default generators are not allowed to change in a
given release series.

To allow for upgrades and patches for the external decays the software was
upgraded to use plugins: EvtGen, Photos++, TauSpinner(Tauola++).
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Conclusions & Outlook RWTH

T decavs prowde a unlque opportunltv to probe the SM:
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Raw Invariant Mass Distributions RWTH

Raw Invariant mass distributions for: TtV
Cross-Feed M Other t-Bkg [ Other Bkg
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Main background: -t ntnlv (~3.6%)
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Unfolded Invariant Mass Distributions

Invariant mass distributions for: TtttV

CLEO Tauola Tune (98)

B siat. Error (Data)
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Raw Invariant Mass Distributions RWTH
Raw Invariant mass distributions for: t>K'wn* v
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Unfolded Invariant Mass Distributions

Invariant mass distributions for: K-
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Raw Invariant Mass Distributions
Raw Invariant mass dlstrlbutlons for T —>K KV
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Unfolded Invariant Mass Distributions

Invariant mass distributions for: T —>K Kty
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Raw Invariant Mass Distributions

Raw Invariant mass distributions for: Tt oK K-K*v
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Unfolded Invariant Mass Distributions

Invariant mass distributions for: T —>KK-K*v
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