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Role of Transver se Polarization in Constraining New Physics
B. Ananthanara yan, S.D. Rindani, R.K. Singh, A. Bartl

Longitudinall y polariz ed beams expected at linear collider
spin rotator s can convert longitudinal to transver se polarization

transver se polarization provides a new tool to study CP
[S.Y.Choi et al.,’00,'01,'02, T.Rizzo0,'03, M.Diehl et al.;03, A. Bartl et al.,'03]

Here two processes discussed

@ e"e | tt
in the presence of chirality violating S and T contact interactions
[B. Ananthanara yan, S.D. Rindani, hep-ph/0309260, Phys.Rev.D]

illustrated within a leptoquark model [S.D.Rindani, hep-ph/0408083]

(b) e"e | Z
with anomalous Z and Z Z couplings
[B. Ananthanara yan, S.D. Rindani, R.K. Singh, A. Bartl, hep-ph/0404106]




Role of Transver se Polarization...

e"e | tt with contact interactions of V:A: S:P or T type

Interf erence of V and A with the SM and Z exchange gives no CP-violating terms
S and T couplings do give CP-violating azimuthal terms

Such interf erence terms are absent with longitudinal polarization (or no polarization)

this is where transver se polarization helps!

Top angular distrib ution including chirality-violating S and T terms:
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The second term above is odd under CP, because
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De ne a CP-odd asymmetr vy: [and the integrated version with
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ImS < 1:610 °) the scale of newCl = 8 TeV
with P, =80% and P .+ = 60%, > 6.7 TeV
if only € polariz ed at 80%, > 5 Tev

Example:
a speci c leptoquark model with chirality-violating couplins [Rindani, hep-ph/0408083]
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A scalar leptoquark coupled to o; € andto t; b
L = eglitur + €eg,rT 1 2€R + h:c;
with transver se pol. beams (" or "#), the interf erence with the Z exchange

d Z, f(P1 P2)im(grg )sin + (P1+ P2)Re(grg )cos g+ :::
exploit Ai( o) [ ,d d ] and A2( o) | d _, d ]
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competitive with ge-2, whic h gives Re(grg, ) < 0:1 (M =TeV)?

however, electr on EDM gives a better limit  Im( grg, ) < 10 ©® (M =TeV)?




(b)

Role of Transver se Polarization... 6

ete | Z  with anomalous Z and Z Z couplings

Le

3e—LF (@Z @Z @Z @Z )+ c 2

2m 7 16cw Sw m%

F F (@2 + @Z )

neutral nal state: CP asymmetr y under ! , but even under T

combine it with CP-even, T-odd azimuthal variable sin? sin 2
[NB. non-zero in io J-O, S.Y.Choi et al,'02]

to arrive at CP-odd and T-odd asymmetr y

three indep. asymmetries A 1.2.3 with both beams polariz ed in transver se direction
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H/A Mixing In the CP-Noninvariant SUSY
S.Y. Choi, J. Kalino wski, Y. Liao, P.M. Zerwas

General two-Higgs doub let model 3 loop-corrected MSSM Higgs sector

The most general gauge invariant scalar potential

1+ M3, 5 2 [ME 1 2+ hic]

D2+ 2 2003 22+ (1 O % 2+ 4]
0

)+ e( 1 1)+ 7( 3 1 2% hc

In many discussions: to avoid tree-le vel FCNC impose the Z > symmetr y
implying M = 5= g= 7=0
conventionall y, in the CP-conser ving case =) h; H ; A base

We take all terms non-zero: the CP-violating 2HDM
[Gunion et al.'02, Ginzburg et al.,02,'04, Dubinin et al.,'02,'04, S.Y.Choi et al.,'04]




H/A Mixing in the CP... 8

the mass matrix M 2 for h: H : A takes the form

2
+ (m3 a)cic, ! 0

4 (ma
N\
pC +
ie.h; H;Aalmix =) H1; H,;, H3 mass-eig enstates

N\ ; . . .
p, pand ¢ are combinations of imaginary parts of 5, gand 7

even if Ap: p=0, but g 6 0 =) CP-mixing via triple and quartic couplings

Moreo ver, the hermitian M 2 must be supplemented with anti-hermitian M  built up by loops,
leading to off-dia gonal H j-H ; transitions in the Higgs production and decay

Two approaches:

Coupled—c hannel analysis has recentl y been employed [Ellis, Lee, Pilaftsis '04]

diagonaliz e the comple x matrix given by the Weissk opf-Wigner sum
MZ=M? M

[Choi, Liao, Zerwas, JK, hep-ph/0407347]
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Interesting physics case the decoupling limit:  m%  j jjv?

H 1 must be the CP-even SM-like =)

it decouples from the H =A system

H =A almost degenerate =) mixing between H and A can be nite and large

2 : 2
m Im M
2 _ H H H H A —- 2 _ 2 1
M 2= , , =) M?2=CM?2cC
me a mis iMa a

the C and the comple x mixing angle are given by [Glsken, Kihn, Zerwas '85]

coSs sin 1 m 2
_ - X “tan 2 = — ——nA
sin coS 2 mg mz 1My v Ma Aa)

the mass eigenstates H 2 and H 3 no long er orthogonal; need to use bra and ket states

jJH2 >= cos jJH > + sin jJA >; < Hyj=cos < Hj+ sin < Aj

jJHz>= sin jJH > + cos JA > < H3 = sin < Hj+ cos < Aj

correspondingl vy, the transition amplitudes are modied ,e:g:for X ) H ) Y

X 1
< YjH X >= < YjH; > 5 .
: mHi+|mHi H

< H;jjX >
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Example: an MSSM with CP-violation
Ms = 0:5TeV,; JAy= 1.0TeV; |J J= 1.0 TeV,;

(a) Argand Diagram (b) Zoomed Argand
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Experimental signatures

(A) Higgs formation in polariz ed collisions
I H;! Y [i = 2;3]
with the following CP-even and CP-odd asymmetries

k ? ++
Aiin = and Anpe =
k T 2 +—+ T

(B) polarization of top quarks in Hj ) tt — angle between tt decay planes]

1d _ 1 1 2(mg  2mg )2
d 2 16 (m2 + 2m2, )2

Cy cos + C- sin

with the following C P —even and C P —odd azimuthal correlator s

Ck = hS? S?i and C? = hpt (S? S?)i
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Encoura ging results to perform detailed experimental simulations




Testing UED Models in the Next Generation Linear € e Collider
G. Bhattac haryya, P. Dey, A. Kundu, A. Raychaudhuri

Extra dimensions intr oduced in the conte xt of the hierar chy problem
if only gravity in ED, compacti cation radius R < 1 mm

but if all SM elds propagate in ED, so called UED, R < (few 100 GeV) 1

Here a simplest UED model discussed with one ED compactied on an orbif old Sl=Zz

from 4d viewpoint, KK modes of all particles with M r? = M2+ n?=R?

the 4D Lagrangian conser ves the KK parity dened as ( 1)"
(i) the lightest KK (LKK) is stable

(i) single KK state cannot be produced

radiative corrections to masses [H.C.Cheng et al.,'02]

(a) bulk corrections: independent of N give M 5 =R?
the functions diff erent for different elds Ilift degeneracy

(b) orbif old corrections: UV sensitive M Mnlog( 4= 2)
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with R * 250 GeV, the r st KK states E1, 1, W and &1 can be produced ataLC

Two processes at the € € collider studied

@ee ! E;JE,
via s-channel ,Z,and t-channel 1,Z41 exchanges
folowed bythe E ! e 1 decay

byete ! W, W,
via s-channel ,Z,and t-channel 1 exchanges

both have the same signature: €* e + large E yiss

the process (a) is the dominant one

Kinematical cuts on € to contr ol the SM background from W ™ W
Emin = 0:5Gevand Enax = 20 GeV cuts to remove the SM bkgd
angular cut 15° 165°
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Results at
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The unpolarized cross sections for R =2,20,50 The sensitivity to the angular cut = 10°, 15°, 25°, 40°

while polarized are for R =20 (from top to bottom)

clear signal in € € + E piss , with contr ollab le SM backgr ound




Testing UED Models in ae’ e Collider

Conclusions:

(a) Transver se beam polarization
— chirality- and CP-violating contact interactions upto < 7 TeV

— leptoquarks up to masses of a few TeV

— anomalous CP-violating Z and ZZ

(b) The mode of the LC
probe the CP-violating Higgs sector
comple x and large CP-violating H =A mixing in the decoupling limit
the mixing can be investigated in ' Hiyand H; ! tt

large effects in the MSSM can be expected

Univer sal extra dimensions

— the production of the r st electron KK mode quite prominent

— the SM background under contr ol

A linear €" e collider provides very powerful tools
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