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From standard to new physics

The Standard Model has been tested to a high accuracy, but it still lacks

» an experimental test of spontaneous symmetry breaking
phenomenon or discovery of Higgs boson,
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hierarchy of Yukawa couplings (fermion masses).
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Many solution to the theoretical issues are proposed, but not all of
them are addressed together.
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New particles

All new physics models introduce new particles/symmetries.
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New particles

All new physics models introduce new particles/symmetries.

Scalars : Higgs, sfermions etc.

Productions : s-channel resonance, pair production, associated production
Signature . threshold behaviour, polarization, 2-body decay, cascade decay.

Fermions : gaugino, higgsino, heavy fermion partners.
Productions : pair production, associated production
Signature . threshold behaviour, polarization, cascade decay.

Vectors : Kk-excitations of gauge bosons, heavy bosons.

Productions : s-channel resonance, associated production, pair production
Signature . polarization, 2-body decay, cascade decay.

Polarization observables and decay pattern are most important
features to study new particles.
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Top quark & new physics

Top quark’s coupling to the SM particles are subjected to modification
due to new particlesi/interactions.

ttd 1= Gip(St + 1 Prys)

(Tointd

th = gv ’}/'u(flLPL -+ flRPR) + quv (fQLPL + fQRPR)

mw

Top quark’s couplings to the new particles leads to associated
productions; polarization of top quark can be used to probe the new
particles couplings and properties.

= Study of new physics can be done via study of top quark.
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Top quark properties

Measurement SM prediction
Mass 171.4 £ 2.1 GeV -
Charge | Not4/3 (94% CL) 2/3
Fy 0.59 £0.14 0.75
F, < 0.10(95% CL) 0
Spin - 1/2

= Need to know top quark properties precisely.

We assume spin of top quark to be 1/2 and charge to be 2/3, an in the
SM, for rest of our study of new physics.
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top-quark : A looking glass

The mass of the top-quark is very large (m; ~ 172 GeV)

® top-mass being close to electro-weak scale, its couplings are
sensitive to EWSB. Any new physics of EWSB (or mass
generation) affects top-couplings with other particles.
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® the decay lepton angular distribution is insensitive to the
anomalous tbW couplings, and hence a pure probe of new physics
in top-production process; observed for top-pair production at

eTe” (Rindani, Grzadkowski) as well as vy collider (Ohkuma,
Godbole).
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top-quark : A looking glass

The mass of the top-quark is very large (m; ~ 172 GeV)

® top-mass being close to electro-weak scale, its couplings are
sensitive to EWSB. Any new physics of EWSB (or mass
generation) affects top-couplings with other particles.

® its decay width (I'y ~ 1.5 GeV) is much larger than the typical scale
of hadronization, i.e. it decays before getting hadronized. The spin
information of top-quark is translated to the decay distribution.

® the decay lepton angular distribution is insensitive to the
anomalous tbW couplings, and hence a pure probe of new physics
in top-production process; observed for top-pair production at

eTe” (Rindani, Grzadkowski) as well as vy collider (Ohkuma,
Godbole).

® top-decay products provide a clean and un-contaminated probe
of top-production mechanism.

We have a clean looking glass for new physics.
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Anomalous t-decay

Anomalous tbW vertex :

Yolutd

o= L [7“(f1LPL + firPr) — (pt —pv)v (for.Pr + forPr)

V2

mw
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Anomalous t-decay

Anomalous tbW vertex :

Yolutd

o= L [7“(f1LPL + firPr) — (pt —pv)v (for.Pr + forPr)

V2

® In the SM, flL = 1, flR = O, fQL = O, ng = 0.

#® Contribution from fir, for are proportional to m.

mw
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Lepton distribution

AB —— t p .. P _,

| - b T
| >l—|—y

Lepton distribution is independent of anomalous tbW coupling if

® t-quark is on-shell; narrow-width approximation for ¢-quark,
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Lepton distribution

AB —— t p .. P _,
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Lepton distribution is independent of anomalous tbW coupling if

® t-quark is on-shell; narrow-width approximation for ¢-quark,
anomalous couplings fir, for and for, are small,

narrow-width approximation for W-boson,

o o 0

b-quark is mass-less,
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Lepton distribution

AB —— t p .. P _,

| - b T/
| >l—|—y

Lepton distribution is independent of anomalous tbW coupling if

® t-quark is on-shell; narrow-width approximation for ¢-quark,
anomalous couplings fir, for and for, are small,
narrow-width approximation for W-boson,

b-quark is mass-less,

© o o b

t — bW (Lvy) is the only decay channel for ¢-quark.
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Decay distribution

Narrow-width approximation for t-quark =

MZ=" ZpAA N)
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Decay distribution

Narrow-width approximation for t-quark =

MZ=" ZpAA N)

(2m)* — ., dp
do = M N)6 (ka4 kg — pr — i ‘
o= 3 [0 k= 3 s TT o
1 /(@2m)? /N 54 d®py d*p, ) d®py ]
X T(\, V)64 (pe — po — po — .
{Ft <2mt A AP = Po = P =P 50 55 0 (2m)3 ) 2Eg(2n)?
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Decay distribution

Production part (¢; = 0) :

d pt 7, 27T)4 I\ od n—1
— dUZ—m()\a N ) dFE; dcosb;.
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Decay distribution

Production part (¢; = 0) :

d pt 7, 27T)4 I\ od n—1
— d02—>n()\a N ) dFE; dcosb;.

Decay part (in rest rest frame of t-quark) :

T\ N6 (pe — py — pu — D2)

1 (27)4 d>p d°py d°p,
'y 2my /2E£(27‘(’)3 2FE,(2m)3 2FE,(27)3
1 E, (P(AX))
N 32tht (27’(’)4 mtEg

dE, dy dpfy .

Angular brackets stands for averaging over ¢ = (¢, — ¢¢).
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Decay density matrix

In the rest frame of t-quark, we have

(T(£,4)) = g'mEy |Aw(piy)|® (1£cost)) x F(EY),
(C(£,F) = g'mEy |Aw(piy)® (sin0e™™) x F(EY).

2\ _ 1
where Ay (p3y,) = e ) oS

FED) = |(m?—mi—2pi-p) (|f1L| R fp) T P )
mw Pt-Di
— (flLfQL) — PW R(fir f1r) —W;:Zt p%v]

In general,

(P X)) = (meEQ) 1A )I* g* AN\ N) F(EY)
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Angular distribution of lepton

Combining production and decay part, we have

1
d — d o )\, )\/ 4Ac.m. )\7 )\/
’ 32 I'ymy (2)4 )\z}\:/ 2—n( ) X g ( )

X dE; dcosO; dcosby doy
x Ey F(Ey) |A(psy)|* dE, dp3y,

and
[y o /Ee F(E,) |A(piy)|? dE, dpyy

Contribution from anomalous tbW couplings cancels between
numerator and denominator, if £ — 6117 is the only decay channel.

= Lepton angular distribution is independent of anomalous tbW
interactions.
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Energy distribution of lepton

The E, distribution (in the lab frame) depends both on

e anomalous tbWW couplings = new physics in ¢-decay

e energy-angular distribution of t-quark = new physics in
t-production
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Energy distribution of lepton

The E, distribution (in the lab frame) depends both on

e anomalous tbWW couplings = new physics in ¢-decay

e energy-angular distribution of t-quark = new physics in
t-production

The E} distribution (in the top-rest-frame) depends only on the
possible new physics in t-decay.

dEO /Ez Ez \A )\261}?%4/

Independent of production mechanism of ¢-quark !!
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Polarization of t-quark

Polarized cross-sections :

dp (T Pp \ ot o)) ooy
[ o (T zgiaegs) 57 oo (kv () ) =o0vn

=1
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Polarization of t-quark

Polarized cross-sections :

d3pt n—1 d3p¢ (27‘(‘)4 / n—1 | B ,
[ o (T zgiaegs) 57 oo (kv () ) =o0vn

=1

Total cross-section :

Otot — 0(‘1‘, _|_) + O'(—, —>
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Polarization of t-quark

Polarized cross-sections :

Bp (T Pp \ @ot o)) oy
[ o (T zgiaegs) 57 oo (kv () ) =o0vn

=1

Total cross-section :

Otot — 0(‘1‘, _|_) + O'(—, —>

Polarization density matrix :

1 ( L+ms o —in ) s = (o) ot ) o

P = - . ; m = (o(+, =) +o(—,+)) /0tor
2 1 112 1— 3

L ! i1 = (0(+, =) — 0(=+)) /oo
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Polarization of t-quark

Polarization through leptonic decay of ¢t-quark :

$4.85 = —51']' Pt-S; — 0

For pi' = E:(1, B;siné,, 0, 3; cos 8;), we have

st = (0,—cosb,0,sin6;), sh =(0,0,1,0), s = E¢(B¢,sinby,0,cosb;)/my.
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Polarization of t-quark

n2 : transverse polarization normal to the production plane.

Simplest quantity to measure;
requires reconstruction of t-production plane;
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Polarization of t-quark

n2 : transverse polarization normal to the production plane.

Simplest quantity to measure;
requires reconstruction of t-production plane;

n1 : transverse polarization in the production plane.

requires reconstruction of ¢-production plane and cos ,;
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Polarization of t-quark

n2 : transverse polarization normal to the production plane.

Simplest quantity to measure;
requires reconstruction of t-production plane;

n1 : transverse polarization in the production plane.

requires reconstruction of ¢-production plane and cos ,;

ns : average helicity.

requires reconstruction of ¢-production plane, cos 6, and E,;
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Polarization of t-quark

n2 : transverse polarization normal to the production plane.

Simplest quantity to measure;
requires reconstruction of t-production plane;

n1 : transverse polarization in the production plane.

requires reconstruction of ¢-production plane and cos ,;

ns : average helicity.

requires reconstruction of ¢-production plane, cos 6, and E,;

Angular distribution in lab frame can be used as a qualitative measure
of the t-polarization.
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Polarization through angular distribution

For demonstration, we chose vy — tt process with/without Higgs
exchange contribution.

mg = 500 GeV; I'y = 2.5 GeV,
Sy =02, P,=04,5,=40+405and P, =1.25+{ 2.0.

Polarized ideal photon spectrum is used.

Assumptions :

e t-quark is on-shell
e anomalous tbW couplings are small

e W-boson is on-shell
e b-quark is mass-less and

e t — bWV is the only decay channel for ¢-decay
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Polarization through angular distribution
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Polarization through angular distribution
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Energy distribution
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Energy distribution
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Energy distribution
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SUSY Higgs: vy — tt

CPX scenario

MSSM parameters | Values
tan 3 3 - 40 (used for scan)
m g+ 150-500 GeV (used for scan)
[ 2TeV, @, =0
My, Mo 200 GeV, &, 5, =0
M3 1TeV, &3 =90°
Mg 500 GeV
Ay 1 TeV, &4, =90°

T

500 GeV, ¢, =90°
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SUSY Higgs: vy — tt
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Flat extra-dimensions: pp — ¢t

In the models of flat extra-dimensions, there is a KK-tower of
excitations corresponding to each SM gauge bosons and fermions.

Signal channel in pp collision:

q —V — tt

V=y,2 g ", 20, gV
The pure SM backgound:

gg —V — it

All KK-excitations contribute to a resonance in m,; distribution. The
presence of Z and ZY) is responsible for finite polarization of top
quark.
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Flat extra-dimensions: pp — ¢t
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Flat extra-dimensions: pp — ¢t

For Mk =2 TeV,and |m;; — Mk k| < 50 GeV.

o(pp — tt) (fb) Py
SM 77.9 —1.33 x 1073
SM 4~ 185 —2.55 x 1074
SM + z(M 150 —3.26 x 1071
SM + gt 1700 —6.13 x 1077
SM + Vi 1900 —5.87 x 1072
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ED: Weak resonance model

fifiVi=Ay Tl +By Qf; i=LR
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ED: Strong resonance model

ffV:=RyPr+Ly Py
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Wrapped extra dimensions

In universal wrapped extra dimension model, with fermion
localization in the fifth dimensions, one has differing couplings of Vi x

For electro weak boson:

fifiVi=(Av T + By Q") Qv(f)); i=L,R

For strong boson:

ffV :=Qv(fr) Rv Pr+ Qv (fL) Lv Pr

® can explain fermion mass hierarchy,
® can explain A% ; anomaly thourgh Z — Z'(1) mixing,

® can be probed at LHC upto Mg i = 3 TeV through polarization.
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Wrapped extra dimensions

do/dm,, [fb/GeV]
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Fg(1) = 627 GeV, FZ(l) =75 GeV, F7(1) = 137 GeV.
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Wrapped extra dimensions

P(my)
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Wrapped extra dimensions
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A; = (o(cos¢; > 0) —a(cosp; < 0))/0tor
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Conclusions

® Lepton angular distribution is a pure probe of possible new
physics in any process of t-quark production, independent of
possible new physics in ¢-decay.
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qualitative probe of t-polarization; quantitatively better for
negative polarizations.
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Conclusions

® [epton angular distribution is a pure probe of possible new
physics in any process of t-quark production, independent of
possible new physics in ¢-decay.

#® Lepton energy distribution, in the ¢-rest-frame, is a pure probe of
possible new physics in t-decay independent of top production
mechanism.

® Polarization of t-quark can be measured (quantitatively) through
angular asymmetries of decay leptons.

#® Angular distribution of decay lepton in the lab-frame is a good
qualitative probe of t-polarization; quantitatively better for
negative polarizations.

® Top quark polarization can be probed at various colliders and it
can be instrumental in discovering and characterising new
physics.
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Ongoing projets

® Spin/polarization measurement of new particles in their cascade
decay. Look at azimuthal distributions in the lab frame.

® Likelyhood mapping of SUSY parameters space using MCMC.

Contact:
LAPTH, Annecy

Email : singh@lapp.in2p3.r
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