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SM studies

New Physics

Overview

e top couplings

e SM Higgs searches (see report)

® triple gauge couplings

® precision measurements at Giga Z
e suppression of SM background

e SUSY studies (Nauenberg)

e fermion-pair production

® CP sensitive observables




Allow general (long. & transv.) polarizations
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t-quark flavour-changing neutral couplings t — Vg

Aguilar-Saavedra, T. Riemann, hep-ph/0102197
Glover, hep-ph/0410110

Couplings [10] 300 fb"! /

E=500 GeV | E=500 GeV | E=500 GeV | E=800 GeV
unpol | (80%,0) |(80%,45%) | (80%,60%)

Y, | BR(t—Zq) 6.1 3.9 2.2 1.9 LEP: 70
0, |BR(t—Zq)| 048 0.31 0.17 0.07
Y, [BR(t—=Yq)| 0.30 0.17 0.093 0.038 | Tevatron:32

30 discovery limits LHC in 10 range




Suppression of SM background in new-physics search
Polarization of both beams decisive in suppressing background
Smuon mass measurement above threshold Nauenberg et al
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Production (smuons) via s-channel Y,Z exchange, RL and LR configurations
Background:WW pairs
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Gravity in extra dimensions (ADD)

Wilson
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Contact interaction searches (model independent)
Osland, Pankov, Paver
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Related model-dependent work by S. Riemann




CP violation in Z = bbg, bbgg

Nachtmann and Schwanenberger

Lop(z) = [ hyy bl@) T* 4 bx) + hay b(@) T* 7 75 blz) | Z*(z) G2, ()

Quark-substructure-like scenario:
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hy, h,, determined by virtual b’ exchange
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Ta3 = (EB — Eb)s (EE X Eb}a

Vs = (kg x kp)s

T53 sensitive to combination of constants /3, insensitive to polarization

V3 sensitive to combination of constants -?lb’ requires b-b distinction

(Pe—:Pe"‘j
Va Yeur | (0,0) | (+80%,0) | (—80%,0) | (+80%,—60%) | (—80%,+60%)
hy [1073] [ 001 | 85 2.5 1.9 1.8 1.4
0.1 | 95 3.0 2.1 2.0 1.5
my [TeV] | 0.01 | 0.9 1.6 1.9 2.0 2.2
0.1 | 09 1.5 1.8 1.9 2.1

no limits yet on b excitation b’




Transverse polarization and CP violation

ete” — ff
Momenta: e~ : p f: Kk
do,q = A [PL -k + PL . k] + Ay [PL, - k — P - K]
+B(P. - P_) +C(P., - k)(P,- -k) + D(P;, x P_) -p
+ Ey[(PT. x k) - pl(PT- - K) + ES[(PT x k) - p](PT, - k)

A, D and E terms violate P

B and C terms combine to give familiar

PL||PL |sin?0 cos(2¢ — d_ — ¢,)
E' terms give

\PE_ P; sin® @ sin(2¢ — é_ — o)




Transverse polarization and CP violation, cont
doyy = A [PL -k +PL k] + A [PL -k — PL - K
+B(Pg, - Po) + C(P - k)(Pe k) + D(Pgy x P - p
+ Ey[(PL x k) - p|(PL - k) + Eo[(PL- x k) - p|(PL, - k)

e

PL, or P provides new direction

Allows measuring CP violation without final-state spin analysis

Dass and Ross, 1975, 1977:

With only (V) A) couplings, and m, — 0, A terms (linear) vanish




Ananthanarayan, Rindani, hep-ph/0309260:

Consider scalar and tensor couplings in e"e™ — tt
four-fermi NP interaction:
L=LMy % _ (;O; +h.c.)
r=% [S”qepampﬁ + Vi (e, Pee) (By* Pit) + Ty v‘j_ ;Pjt}} +he.
ij=L,R <
t | t
scalar (vector) tensor

P; are helicity projection operators
SRR = SEL:. Scr=95SrL =0, V3=V




Dass and Ross theorem does not apply

Cross section depends on combination:

ZCACV

S = Sgpp+ TRR
scalar 1 tensor
SM couplings

Interference between S and SM amplitude
gives terms linear in transverse polarization, ~ cos(¢), sin(¢)

A certain combination of such terms violates CP

Note that new vector coupling does not contribute to linear terms




Project out CP violating up-down asymmetry:

f-integrated version:
cos fg d +— Eﬂrd +—
/ d.:-.{_ﬁaU ° __dg— / i dq&]
A(Qﬂ) — —CDEHG 0

SUII

Note:

- these terms (linear in transverse polarization) can not
be seen unless both beams are transversely polarized

- sensitive only to imaginary part of §
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Bound on Im S [GeV ]

5 8,108 QU%ICL lilmjt on Im S (GEIV—E) vs. Clllt—fo
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Corresponds to bound on A of order 8-10 TeV
(assuming perfect polarization)
remember £ =L+ o Y (00; +he.)




Transverse polarization and CP violation, Y Z production

Most general effective CP-violating Lagrangian
for YYZ and YZZ interactions:

A e A
S F,, (#Z20,Z" — ¥ 220\ Z*) + =
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L=¢€

F, F" (0" Zy\ + O\ ZH)

CP violation
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FB asymmetry CP-odd but “naive” T even




Define CP-odd asymmetries, combining forward-
backward asymmetry with azimuthal asymmetry:

3
1 | | m(n+1)/2 cos Bp 0 dC‘-"
A = — —1)" d dcosf — dcost | —
X, (e [ )

n—0 T — cos B

3 w(2n+1)/4 cos g 0
A, iZ{—l)ﬂ f do (f dcos@ —/ d{'{.ﬁ@) d—q
oy n—0 m(2n—1)/4 0 —cosfp df)

9 cos fp /4 5 /4
A = L{/ d cos 6 f do —I—/ do d—q
g0 \ Jo —m/4 3 /4 df)
0 /4 5m /4
—f d cos 6 f do —|—f do d_cr}
— cos B —m/4 3 /4 df)

A ~ Rels As, Az ~ Im A, Im A




Integrated asymmetries:

Al{eg) ~ —PZ_ P;_ ga Re )\g

As () ~ PLPL (g7 — ¢%) Im A\ — gy Im )]

As(0y) ~

(0

5[(91% + gi} [m Ay — gy Im A

+PLPL (g7 — g3)Im A —gy Im Ay

Results, direct limits:

Coupling Individual limit from Simultaneous limits
Ay Ao A

Re Ao 1.4 x 1072

Im A, 6.2 x 1072 | 3.8 x 1072 7.1 x 1073

Im A 9.1 x 1072 | 3.0 x 1072 6.7 x 1072

90% C.L. limits for a cut-off angle of #; = 26°, /s = 500 GeV,

f’int =5

00 fo~" and (P PT) = (80%, 60% )




Extra-dimensional gravity

Arkani-Hamed, Dimopoulos, Dvali: hep-ph/9803315,

ADD: Antoniadis et al: hep-ph/9804398

Effective interaction (Hewett): parametrize strength by:

ADD _ 4\ \s?

1L g = ;
Mg ATy, My

RS: Randall, Sundrum: hep-ph/9905221

A - ¥ 1
MY 8A2 L= s —m2 +im, [,

T

|dentification reaches make use of angular analysis




Osland, Pankov, Paver: hep-ph/0304123

My [TeV] Lint[fo™7]
v/$ = 0.5 TeV (long. pol.) 100 | 300 | 500
unpolarised beams 23 126 | 29
(P.-,P.+) = (+80%,0) 25 | 28 | 3.05
(P.-,P+) = (+80%, —60%) || 245 | 3.0 | 3.25

S50 identification reach on the mass scale My vs. L£;, from
ete” — ff,combining f = u, 7, b, c, energy 0.5 TeV

From azimuthal asymmetry [cos(2¢p) pOs VS neg]:

with

(P PL) = (80%,60%)

Rizzo: hep-ph/0211374

My [TeV] Line[fb™]
(transv. pol.) 100 | 300 | 500 | 1000
Vs=05TeV | 16|19 |20 ]| 22
Vs=08TeV | 24|26 |28 | 3.1
Vs=10TeV || 28 | 32 | 34 | 3.8




Rizzo: hep-ph/0211374

From azimuthal asymmetry [sin(2$) pos Vs neg]:
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Separation between ADD and RS

(PT_,PT,) = (80%, 60%)

5 o disc. reach Lin [T

My [TeV] 100 | 300 | 500 | 1000
\/E =05TeV || 1.2 | 1.3 | 14 1.6
\/E =0.8TeV | 1.8 | 20 |22 | 24
\/E =1.0TeV || 22 | 24 | 2.6 2.8

bo reach for the discovery of nonzero azimuthal asymmetry

N=YdAT /dz vs Ly for d = 3




Summary

Polarized positron beam (in addition to electron beam)

® allows for decisive suppression of SM
background for New Physics searches

® provides more independent observables,
allows identification of New-Physics effects

® provides clues to new CP-violation sources




