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The Top Quark (in Warped Extra Dimensions)

The Top Quark ...

m[GeV]
THE QUARK MASSES

@ ...is the only SM fermion with a
Yukawa coupling of O(1)

Y .1.5"[7‘

Q c O g E

SE8EEE
B O

Florian Goertz (Uni Mainz) Top-Quark Pair Production in RS



The Top Quark (in Warped Extra Dimensions)

The Top Quark ...

m[GeV]

THE QUARK MASSES

@ ...is the only SM fermion with a
Yukawa coupling of O(1)

@ ... might be deeply connected to
the mechanism of electroweak
symmetry breaking

Y .1.5"[7‘

Q c O g E

SE8EEE
B O

Florian Goertz (Uni Mainz) Top-Quark Pair Production in RS



The Top Quark (in Warped Extra Dimensions)

The Top Quark ...

@ ...is the only SM fermion with a
Yukawa coupling of O(1)

@ ... might be deeply connected to
the mechanism of electroweak
symmetry breaking

@ ...has been detected thousands of

times at the Tevatron, which allows ‘ oy ®
oL . o c 0 E E 2

for a determination of its mass, S % % 5 6 8

total production cross section and © 5 5 3

kinematic distributions with
reasonable accuracy
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The Top Quark (in Warped Extra Dimensions)

The Top Quark in Warped Extra Dimensions...

is even more special
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The Top Quark (in Warped Extra Dimensions)

Why wXD: Gauge Hierarchy Problem and Flavor Puzzle

E [GeV]
1098 Mp. @ Higgs mass receives quadratically = expect m? ~ max[/\,-]2
divergent corrections

10 88 A2 @ Gauge bosons: gauge symmetry

) } small masses natural
@ Fermions: SU(2),
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The Top Quark (in Warped Extra Dimensions)

The Randall-Sundrum (RS) Model

@ Solution to the gauge hierarchy problem in 5D spacetime
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The Top Quark (in Warped Extra Dimensions)

The Randall-Sundrum (RS) Model

@ Solution to the gauge hierarchy problem in 5D spacetime
@ Hierarchy between the electroweak- and Planck scales
generated through non-factorizable metric

ds? = e 2Hol/my | dxtdx? — r2d¢?
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The Randall-Sundrum (RS) Model

@ Solution to the gauge hierarchy problem in 5D spacetime
@ Hierarchy between the electroweak- and Planck scales
generated through non-factorizable metric
ds? = e 2Hol/my | dxtdx? — r2d¢?
Tev |L=krm~37 > 1]
AdSs K many observables

enhanced by L
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The Top Quark (in Warped Extra Dimensions)

The Randall-Sundrum (RS) Model

@ Solution to the gauge hierarchy problem in 5D spacetime
@ Hierarchy between the electroweak- and Planck scales
generated through non-factorizable metric
ds? = e 2Hol/my | dxtdx? — r2d¢?
Tev |L=krm~37 > 1]
AdSs K many observables

enhanced by L

Planck

H(x)

gravity

= m=eltmg

o T

e All fundamental mass parameters of O(Mpy)
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The Top Quark (in Warped Extra Dimensions)

The Standard Model in AdSs

Just the Higgs boson has to be localized at (close to) the TeV
brane in order to solve the hierarchy problem = Bulk-SM

Davoudiasl, Hewett, Rizzo, hep-ph/9911262,
Grossman, Neubert, hep-ph/9912408
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©
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The Top Quark (in Warped Extra Dimensions)

The Standard Model in AdSs

Just the Higgs boson has to be localized at (close to) the TeV
brane in order to solve the hierarchy problem = Bulk-SM

Davoudiasl, Hewett, Rizzo, hep-ph/9911262,
Grossman, Neubert, hep-ph/9912408

gauge bosons have flat profiles only
if gauge symmetry is not broken

m(l) ~ 2.5 MKK
Mgk = ke L ~ TeV

Non-trivial overlaps + doublet-singlet mixing

= fields with same QN under unbroken symmetry have different
couplings to gauge bosons of broken symmetry = tree FCNCs
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The Top Quark (in Warped Extra Dimensions)

RS as a Solution to the Flavor Puzzle

@ RS offers an explanation for the fermion mass hierarchies and

small CKM mixing angles with anarchic 5D Yukawa couplings
Huber, Shafi, hep-ph/0010195; Huber, hep-ph/0303183; Casagrande, FG, Haisch, Neubert, Pfoh, 1005.4315

cqr: O(1) dimensionless 5D-mass parameters
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The Top Quark (in Warped Extra Dimensions)

RS as a Solution to the Flavor Puzzle

@ RS offers an explanation for the fermion mass hierarchies and

small CKM mixing angles with anarchic 5D Yukawa couplings
Huber, Shafi, hep-ph/0010195; Huber, hep-ph/0303183; Casagrande, FG, Haisch, Neubert, Pfoh, 1005.4315

KK:

Cz-12 i1
|Fql
- tR 1
________________________ —5= 0

cqr: O(1) dimensionless 5D-mass parameters

Couplings of KK gauge bosons to top quarks enhanced by factor v/L
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The Top Quark (in Warped Extra Dimensions)

The Top Quark in Warped Extra Dimensions

@ Couplings involving third generation quarks could provide
possibility to test the model

@ Study top quark pair production, asymmetries
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© The Forward-Backward Asymmetry of the Top Quark
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The Forward-Backward Asymmetry of the Top Quark

The Forward-Backward Asymmetry of the Top Quark

The top-quark forward-backward asymmetry measured at CDF,
(Afp)2P = (15.0 + 500 *+ 24 4yst.)
is about 1.7 o larger than the (robust) SM prediction
(Afp)en; = (5.1£0.6).

D@ finds a value comparably above the theoretical prediction.

CDF/ANAL/TOP/PUBLIC/10224
Antunano, Kiihn, Rodrigo, 0709.1652
D®6062-CONF
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The Forward-Backward Asymmetry of the Top Quark

The Forward-Backward Asymmetry of the Top Quark

The top-quark forward-backward asymmetry measured at CDF,
(Afp)2P = (15.0 + 500 *+ 24 4yst.)
is about 1.7 o larger than the (robust) SM prediction
(Afp)en; = (5.1£0.6).
D@ finds a value comparably above the theoretical prediction.

@ Expect to see RS signatures in 3rd generation observables
— anomaly due to warped extra dimensions?

CDF/ANAL/TOP/PUBLIC/10224
Antunano, Kiihn, Rodrigo, 0709.1652
D®6062-CONF

Florian Goertz (Uni Mainz) Top-Quark Pair Production in RS



The Forward-Backward Asymmetry of the Top Quark

The Forward-Backward Asymmetry of the Top Quark

Although discrepancy does not exceed 2 o, the constantly observed
large asymmetry triggered a lot of activity in the theory community
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Although discrepancy does not exceed 2 o, the constantly observed
large asymmetry triggered a lot of activity in the theory community

@ t-channel (u-channel) exchange of heavy particles with large
flavor-changing couplings:
W', Z' color singlet/triplet/sextet scalars, ...
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The Forward-Backward Asymmetry of the Top Quark

Although discrepancy does not exceed 2 o, the constantly observed
large asymmetry triggered a lot of activity in the theory community

@ t-channel (u-channel) exchange of heavy particles with large
flavor-changing couplings:
W', Z' color singlet/triplet/sextet scalars, ...

@ s-channel exchange of heavy particles with axial-vector
couplings to fermions, g1 g4 <0,
Candidates of models that can lead to a positive shift:

e warped extra dimensions Djouadi, Moreau, Richard, Singh: 0906.0604
o chiral color Frampton, Shu, Wang, 0911.2955
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The Forward-Backward Asymmetry of the Top Quark

The Forward-Backward Asymmetry of the Top Quark

Although discrepancy does not exceed 2 o, the constantly observed
large asymmetry triggered a lot of activity in the theory community

@ t-channel (u-channel) exchange of heavy particles with large
flavor-changing couplings:
W', Z' color singlet/triplet/sextet scalars, ...
@ s-channel exchange of heavy particles with axial-vector
couplings to fermions, g1 g4 <0,
Candidates of models that can lead to a positive shift:
e warped extra dimensions Djouadi, Moreau, Richard, Singh: 0906.0604

o chiral color Frampton, Shu, Wang, 0911.2955

Important constraints: reproduction of SM-like 0,7 and doz/dMz
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The Forward-Backward Asymmetry of the Top Quark

The Forward-Backward Asymmetry of the Top Quark

1 PB—tEX 0 PP—tEX
/ dcosf L —/ d cos @ L

d co _ dcosf
AFB d pp—ttX doPP— ttX
/ dcos) ———— / dcos) ———
dcosf
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The Forward-Backward Asymmetry of the Top Quark

The Forward-Backward Asymmetry of the Top Quark

1 PB—tEX 0 PP—tEX
/ dcosf L —/ d cos @ L

dco _ d cos 0 Oa ¢
AFB d pthtX o_pthtX = ;s = AC
/ dcos) ———— / dcos) ———
dcosf

daa(s) 1 [doPP—ttX _ {gpP—itX
dc059:2[ dcosf ) dcosh }

o da,pf)—»t?X

da.pp—»ttX
D: d cos 6

used C-symmetry of QC oD

cosf=c cosf=—c
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The Forward-Backward Asymmetry of the Top Quark

The Forward-Backward Asymmetry of the Top Quark

Charge asymmetric contribution to cross section given by
convolution of parton luminosity functions with charge-asymmetric
hard scattering kernels

_ s 4m?
- Z/ Caessna(YF)  ea— )
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The Forward-Backward Asymmetry of the Top Quark

The Forward-Backward Asymmetry of the Top Quark

Charge asymmetric contribution to cross section given by
convolution of parton luminosity functions with charge-asymmetric
hard scattering kernels

_ s 4m?
- Z/ Caessna(YF)  ea— )

@ In SM the LO coefficients Ag%) and Aé%) both vanish identically
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The Forward-Backward Asymmetry of the Top Quark

The Forward-Backward Asymmetry of the Top Quark

Charge asymmetric contribution to cross section given by
convolution of parton luminosity functions with charge-asymmetric

hard scattering kernels

_ Qs 4m?
_ Z/ — /fu 5/s, /_,Lf) <§t> (0s: Aj — Sjj)

@ In SM the LO coefficients A(O) and A(O) both vanish identically

@ At NLO non zero coefficient A( ) generated through
interference of tree level gluon exchange with QCD box
diagram and ISR/FSR
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The Forward-Backward Asymmetry of the Top Quark

New Physics Contributions to AL

Consider effective dim-6 Lagrangian

eff—z Z [ q:,/j:)quqABJFC(uABQmAB

q,u A,B=L,R

(v,1 V,1 (5,1
+Ctu Aé qu,Aé + Clgu AB Qtu A)B
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The Forward-Backward Asymmetry of the Top Quark

New Physics Contributions to AL

Consider effective dim-6 Lagrangian

eff—z Z [ q:;/jl)SQqqAB+C(uABQtuAB

q,u A,B=L,R

(v,1 V,1 (5,1
+Ctu Aé qu,Aé + Clgu AB Qtu A)B

Q(qva =(§vu T?Paq)(ty" T Pgt) QEEVA% = (U, T?Pat)(ty* T?Pgu)
QAL =9 Pat) (B Pau) Qi = (BPat)(EPs ).

appropriate for broad class of BSM models
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The Forward-Backward Asymmetry of the Top Quark

New Physics Contributions to Afg: LO

Corrections to LO asymmetric/symmetric kernels given by
interference between SM-gluon exchange and s- and t-channel new
physics contributions

2
0 Bp s | v V.8 7 -
AEJTJ),NP =14 5 {qm) — CLED,L) + = 3 C,f i )] + EW contributions,

SL(I%),NP 2ﬁ1p6 (2+p)8 [Cﬁl\ﬁs CLEL\,/E + = C v, 8)] + EW contributions

V,8) V.8 V.8 V,8) V,8)
C( :Re |:Ci5',LL) + C( RR)1| C,E 1r - =Re |:C LR + CIE RL :|

i, |l i,

4mt
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The Forward-Backward Asymmetry of the Top Quark

New Physics Contributions to Afg: LO

Corrections to LO asymmetric/symmetric kernels given by
interference between SM-gluon exchange and s- and t-channel new
physics contributions

2 1
AEJ%),NP Z% s {CLE;/F) — CLEL_\I/JS_) + 3 C;;[S)] + EW contributions,

SL(I%),NP 2ﬁ1p6 (2+p)8 [CLEL—\,/8 + C,,u Ut C v, 8)] + EW contributions

V.8 V.8 V.8 V.8 V.8)
G =Re 7D + ciR] . GV =Re [CfR + D

4mt

:1— =
B P, P 3

Florian Goertz (Uni Mainz) Top-Quark Pair Production in RS



The Forward-Backward Asymmetry of the Top Quark

New Physics Contributions to Afg: LO

Corrections to LO asymmetric/symmetric kernels given by
interference between SM-gluon exchange and s- and t-channel new
physics contributions

2
0 Bp s | v V.8 7 -
AEJTJ),NP =14 5 {qm) — CLED,L) + = 3 C,f i )] + EW contributions,

SL(I%),NP 2ﬁ1p6 (2+p)s [Cﬁr\;/f; + CLEL\,/E + = C v, 8)] + EW contributions

V,8) & (V.8 V,8) V,8)
cV®) —Re [C,-E-yLL)—&-C )} C,SJ_ = Re [C LR +C,5 RL}

i, i,
4m?
6:\/1_ ) P = £

s

At LO: o,(5) measures product of axial-vector (vector) couplings of KK gluons to light

quarks and top quarks: C;‘q = (C;;,’l?) — Cé;’j)) (C()f? = (Cg: ‘?) + C;:?))
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The Forward-Backward Asymmetry of the Top Quark

New Physics Contributions to Afg: LO

Corrections to LO asymmetric/symmetric kernels given by
interference between SM-gluon exchange and s- and t-channel new
physics contributions

2
AE;%),NP :% § {Cgf) - CLEI\,/E) + 5 3 C,f i )] + EW contributions,

SL(I%),NP 2ﬁ1p6 (2+p)s [CLE;\,/S + CLEL\,/E + = C v, 8)] + EW contributions

V,8) & (V.8 V,8) V,8)
cV®) —Re [C,-E-yLL)—&-C )} C,SJ_ = Re [C LR +C,5 RL}

i, i,
4m?
6:\/1_ ) P = £

s

At LO: o,(5) measures product of axial-vector (vector) couplings of KK gluons to light

quarks and top quarks: C;‘q = (Cé;'lf) — Cc(yq L)) (C()f? = (Cé:; ‘?) + Cé:?))
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The Forward-Backward Asymmetry of the Top Quark

RS Contributions to Afg: LO

RS contributions to the Wilson coefficients introduced before:

U t
g(k)
u t
[ t U t
—_—,
I
2,20 5 4k hoi
I
/*".\‘\
U t u t
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The Forward-Backward Asymmetry of the Top Quark

RS Contributions to Afg: LO

Axial-vector couplings of quarks to gluons arise in the RS model
due to the different profiles of right- and left-handed
(singlet/doublet) quark zero modes

o ——————————— — — — -
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The Forward-Backward Asymmetry of the Top Quark

RS Contributions to Afg: LO

Expansion in v2/M12<K and small difference of light quark bulk
mass parameters leads to

0 4
SL(,u),Rs ~ o2 22(1+4 ¢ty + ) >0,
KK
V¥ ideY
AEI(Z_I),RS ~ M2 2 2L et ten) (1+ cu + cug)
KK

1 1
X { (2 + 3> L(CtL - CtR) (CUL - CUR) + § (1 + Cr; + CtR)}
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RS Contributions to Afg: LO

Expansion in v2/M12<K and small difference of light quark bulk
mass parameters leads to

0 4
SL(,u),Rs ~ o2 22(1+4 ¢ty + ) >0,
KK
V¥ ideY
AEI(Z_I),RS ~ M2 2 2L ettrenten) (1+ cu + cug)
KK

1 1
X { (2 + 3> L(CtL - CtR) (CUL - CUR) + § (1 + Cr; + CtR)}
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The Forward-Backward Asymmetry of the Top Quark

RS Contributions to Afg: LO

Expansion in v2//\/112<K and small difference of light quark bulk
mass parameters leads to
(0) 4o

ui,RS ™ 2
Mick

2(1+CtL+CtR)>0,

0 V¥ ideY
EIL_I),RS ~ W; 2L eL(1+CuL+CuR) (1 _|,_ CUL _|_ CUR)

1 1
X { (2 + 3> L(CtL - CtR) (CUL - CUR) + § (1 + Cr; + CtR)}

@ Positive shift in o, possible, but LO contributions tiny due to
elementary nature (UV localization: ¢, < —1/2) and nearly
vector like couplings of light quarks (keep in mind: still has

to divide by o)
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The Forward-Backward Asymmetry of the Top Quark

RS Contributions to Afg: LO

Expansion in v2//\/112<K and small difference of light quark bulk
mass parameters leads to

0 4

L(:E),RS ~ M2S2(1+CtL+CtR)>O7
KK

0 V¥ ideY

EIL_I)’RS ~ M2 S 2L eL(1+CuL+CuR) (1 _|,_ CUL _|_ CUR)
KK

1 1
X { (2 + 3> L(CtL - CtR) (CUL - CUR) + § (1 + Cr; + CtR)}

@ Positive shift in o, possible, but LO contributions tiny due to
elementary nature (UV localization: ¢, < —1/2) and nearly
vector like couplings of light quarks (keep in mind: still has
to divide by o)

@ Given the smallness of the LO contribution: look at NLO
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The Forward-Backward Asymmetry of the Top Quark

New Physics Contributions to Afg:

At NLO: o, gets contributions

q 9 |
from vector-currents P
2 q
e = 1 (7, 7179 rerms] Tl

Kiihn, Rodrigo, hep-ph/9802268, hep-ph/9807420
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The Forward-Backward Asymmetry of the Top Quark

New Physics Contributions to Afz: NLO

At NLO: o, gets contributions

q 9 | q g .
from vector-currents L e
|62, = (2T ({T2, T2} 7)) terms| EE::]XQ
q - q -
Kiihn, Rodrigo, hep-ph/9802268, hep-ph/9807420
@ In models with small axial-vector couplings to light quarks and
no significant FCNC effects in the t-channel, e.g. models
which solve the flavor puzzle by (geometrical) sequestering,

the NLO corrections often exceed the LO ones
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The Forward-Backward Asymmetry of the Top Quark

New Physics Contributions to AL;: NLO

At NLO: o, gets contributions

q 9 | q g .
from vector-currents L e
|62, = (2T ({T2, T2} 7)) terms| EE::]XQ
q - q -
Kiihn, Rodrigo, hep-ph/9802268, hep-ph/9807420
@ In models with small axial-vector couplings to light quarks and
no significant FCNC effects in the t-channel, e.g. models
which solve the flavor puzzle by (geometrical) sequestering,

the NLO corrections often exceed the LO ones

@ RS condition:

% (1 + CtL + CtR) 2 L eL(1+CuL+CuR)
™
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The Forward-Backward Asymmetry of the Top Quark

New Physics Contributions to AL;: NLO

At NLO: o, gets contributions

from vector-currents m
2 b 2

[dabc— (2Te ({T2, T} T9)) terms

Kiihn, Rodrigo, hep-ph/9802268, hep-ph/9807420

@ In models with small axial-vector couplings to light quarks and
no significant FCNC effects in the t-channel, e.g. models
which solve the flavor puzzle by (geometrical) sequestering,
the NLO corrections often exceed the LO ones

@ RS condition:

% (1 + CtL + CtR) 2 L eL(1+CuL+CuR)
™

@ For typical bulk masses: o; )/aa ~ 25 (IR localization of top)
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The Forward-Backward Asymmetry of the Top Quark

RS Contributions to Afgz: NLO

ct, ctg &l){j/as 6,_’:‘5/(15 (':")/a/ocs &;‘a/as &t‘l{,/as &tsa
—0.41 | 0.09 4.50 0.71- 102 0.68 —1.40-10~3 | —1.35-10~% | 8.2.10 "
—0.47 | 0.48 4.95 0.22 1072 0.27 —0.03-1073 | —0.70-10~* | 4.1.10"
—0.49 | 0.90 5.31 1.79 - 102 0.08 —0.64-10"3 | —245.107% | 122.1077
&k =1Tev? &Y = 1Tev? (173 g - 2ct(u1H ), scale as (1 TeV /My )? (@ Tev/Mik)?)
140.22CA +0.034CY
(A ) + 0. + uD+"' 56+08(y
FB/RS — 0/ 70

1+0.053CY +...
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The Forward-Backward Asymmetry of the Top Quark

RS Contributions to Afgz: NLO

. ctg El){—l/as 6:‘5/(15 (’:"}/a/ocs E;‘a/as ét‘g/as &tsﬂ
—0.41 | 0.09 4.50 0.71-10~ 0.68 —1.40-10~3 | —1.35-10~% | 8.2.10 "
—0.47 | 0.48 4.95 0.22-102 0.27 —0.03-1073 | —0.70-10~* | 4.1.10"
—0.49 | 0.90 5.31 1.79 - 102 0.08 —0.64-10"3 | —2.45.10~% | 122.10~7

&k =1Tev? &Y = 1Tev? (173 g - 2ct(u1H ), scale as (1 TeV /My )? (@ Tev/Mik)?)
140.22CA 4+0.034CY
(A ) + 0. + uD+"' 56+08(y
FB/RS — 0/ 70

1+0.053CY +...
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The Forward-Backward Asymmetry of the Top Quark

RS Contributions to Afgz: NLO
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—0.41 | 0.09 4.50 0.71-10~ 0.68 —1.40-10~3 | —1.35-10~% | 8.2.10 "
—0.47 | 0.48 4.95 0.22-102 0.27 —0.03-1073 | —0.70-10~* | 4.1.10"
—0.49 | 0.90 5.31 1.79 - 102 0.08 —0.64-10"3 | —2.45.10~% | 122.10~7
&k =1Tev? &Y = 1Tev? (173 g - 2ct(u1H ), scale as (1 TeV /My )? (@ Tev/Mik)?)
140.22CA 4+0.034CY
(A ) + 0. + uD+"' 56+08(y
FB/RS — 0/ 70

1+0.053CY +...
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The Forward-Backward Asymmetry of the Top Quark

RS Contributions to Afgz: NLO

ct, ctg &l){j/as 6,_’:‘5/(15 (':")/a/ocs &;‘a/as &t‘l{,/as &tsa
—0.41 | 0.09 4.50 0.71-10~ 0.68 —1.40-10~3 | —1.35-10~% | 8.2.10 "
—0.47 | 0.48 4.95 0.22-102 0.27 —0.03-1073 | —0.70-10~* | 4.1.10"
—0.49 | 0.90 5.31 1.79 - 102 0.08 —0.64-10"3 | —2.45.10~% | 122.10~7
&k =1Tev? &Y = 1Tev? (173 g - 2ct(u1H ), scale as (1 TeV /My )? (@ Tev/Mik)?)
140.22CA +0.034CY
(A ) + 0. + uD+"' 56+08(y
FB/RS — 0/ 70

1+0.053CY +...
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The Forward-Backward Asymmetry of the Top Quark

RS Contributions to Afgz: NLO

. ctg El){—l/as 6:‘5/(15 (’:"}/a/ocs E;‘a/as ét‘g/as &tsﬂ
—0.41 | 0.09 4.50 0.71- 102 0.68 —1.40-10~3 | —1.35-10~% | 8.2.10 "
—0.47 | 0.48 4.95 0.22 1072 0.27 —0.03-1073 | —0.70-10~* | 4.1.10"
—0.49 | 0.90 5.31 1.79 - 102 0.08 —0.64-10"3 | —2.45.10~% | 122.10~7

b
Il
—
S
<

)
0
o
{'\1
<
Il

1Tev? (1/3 ¢ ‘ch( DY, scale as (1 TeV /Mg )? (@ Tev/Mik)?)

I tz, ||

. 140.22CA +0.034CY +...
A = vl 5.6705) %,
(Are)is 1+0.053CY +... (5:6%10) %

@ SM-like forward-backward asymmetry
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The Forward-Backward Asymmetry of the Top Quark

RS Contributions to Afgz: NLO

. ctg El){—l/as 6:‘5/(15 (’:"}/a/ocs E;‘a/as ét‘g/as &tsﬂ
—0.41 | 0.09 4.50 0.71- 102 0.68 —1.40-10~3 | —1.35-10~% | 8.2.10 "
—0.47 | 0.48 4.95 0.22 1072 0.27 —0.03-1073 | —0.70-10~* | 4.1.10"
—0.49 | 0.90 5.31 1.79 - 102 0.08 —0.64-10"3 | —2.45.10~% | 122.10~7

. - V.8 V,1
P =1Tev? cl,  EY = 1Tev? (1/3 ct(w) - 2ct(mH ), scale as (1 TeV /My )? (@ Tev/Mik)?)

14+0.22CA + 0.034 Y +... (5.6708) %
1+0.053CY +... I

(AbB)RS =

@ SM-like forward-backward asymmetry

@ NLO corrections are important
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The Forward-Backward Asymmetry of the Top Quark

RS Contributions to Afgz: NLO

. ctg &L){G/O‘S 6:‘5/(15 (’:"}/a/ocs E;‘a/as ét‘g/as &tsﬂ
—0.41 | 0.09 4.50 0.71- 102 0.68 —1.40-10~3 | —1.35-10~% | 8.2.10 "
—0.47 | 0.48 4.95 0.22 1072 0.27 —0.03-1073 | —0.70-10~* | 4.1.10"
—0.49 | 0.90 5.31 1.79 - 102 0.08 —0.64-10"3 | —2.45.10~% | 122.10~7

. - V.8 V,1
P =1Tev? cl,  EY = 1Tev? (1/3 ct(w) - 2ct(mH ), scale as (1 TeV /My )? (@ Tev/Mik)?)

. 140.22CA +0.034CY +...

(bR = | — i S (5.6408) %
1+0.053C5;+... ’

@ SM-like forward-backward asymmetry

@ NLO corrections are important

@ Small corrections generically negative (for positive C\%)
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The Forward-Backward Asymmetry of the Top Quark

RS Contributions to Afgz: NLO

. ctg &L){G/O‘S 6:‘5/(15 (’:"}/a/ocs E;‘a/as ét‘g/as &tsﬂ
—0.41 | 0.09 4.50 0.71- 102 0.68 —1.40-10~3 | —1.35-10~% | 8.2.10 "
—0.47 | 0.48 4.95 0.22 1072 0.27 —0.03-1073 | —0.70-10~* | 4.1.10"
—0.49 | 0.90 5.31 1.79 - 102 0.08 —0.64-10"3 | —2.45.10~% | 122.10~7

. - V.8 V,1
P =1Tev? cl,  EY = 1Tev? (1/3 ct(w) - 2ct(mH ), scale as (1 TeV /My )? (@ Tev/Mik)?)

14+0.22CA + 0.034 Y +... (5.6708) %
1+0.053CY +... I

(AbB)RS =

@ SM-like forward-backward asymmetry
@ NLO corrections are important
@ Small corrections generically negative (for positive C\%)

@ Not very sensitive to realization of EW-, Higgs- and fermion sectors

Florian Goertz (Uni Mainz) Top-Quark Pair Production in RS



The Forward-Backward Asymmetry of the Top Quark

RS Contributions to Afgz: NLO

. ctg &L){G/O‘S 6:‘5/(15 (’:"}/a/ocs E;‘a/as ét‘g/as &tsﬂ
—0.41 | 0.09 4.50 0.71- 102 0.68 —1.40-10~3 | —1.35-10~% | 8.2.10 "
—0.47 | 0.48 4.95 0.22 1072 0.27 —0.03-1073 | —0.70-10~* | 4.1.10"
—0.49 | 0.90 5.31 1.79 - 102 0.08 —0.64-10"3 | —2.45.10~% | 122.10~7

ek =1Tev? &Y =1Tev? (1/3¢Y® —aclV:D

qq e, e, ), scale as (1 TeV/ Mgk )? ((1 TeV/MKK)4)

1+022C4 +0.034CY + ...

At pp — _
(Arn)is 1+0.053CY + ...

(56122) %,

SM-like forward-backward asymmetry
NLO corrections are important
Small corrections generically negative (for positive C%)

Not very sensitive to realization of EW-, Higgs- and fermion sectors

RS model as a prototype: considerations hold for general class of
models with new heavy vector states with suppressed axial-vector
couplings to light quarks and suppressed FCNCs
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The Forward-Backward Asymmetry of the Top Quark

RS Contributions to Afgz: NLO

0.0

SM gauge group custodial model

@ Red: excluded by Z — bb
@ RG running from Mgk to m¢, pr = pr = me = 173.1 GeV, as(m:) = 0.126
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The Forward-Backward Asymmetry of the Top Quark

Combined Experimental Constraints

Dependance of ALy on CY not
very pronounced

ut

dog

dMz

1%

o CY constrained by oz and

C

@ Need sizable axial-vector
=S B A contributions with different signs
9% CL i (or sizable FCNCs) to explain

95% CL -
—10} ™ 68%CL ] discrepancy
-40 -20 0 20 4C
A4
Cm?
[0.8,1.4]
doyg \ TeVv fb
(oet)exp = (7:5040.3Lsta. £0.340ys. £0.151, ) pbi | L& = (0:068:£0.0325ta. £0.0155y5. £0.0041,, ) ———
8/ exp
p [0.8,1.4] .
Vv +0.52 . o | TeV =V +0.012
(o)rs = [1+0.053 )5 + ... ] (6.735%%) o ( dM&) T (140338 +...] (0.061"5%) G

CDF Collaboration, Conference Note 9913; CDF Collaboration, 0903.2850
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The Forward-Backward Asymmetry of the Top Quark

Combined Experimental Constraints

@ Dependance of ALy on CY not
very pronounced

;‘E‘, - VvV H _ dos
) o (C,j constrained by o7 and ggit
@ Need sizable axial-vector
=S B ; contributions with different signs
99% CL P . .
950 OL (or sizable FCNCs) to explain
—10} ™ 68%CL ] discrepancy
-40 -20 0 20 4C
A
Cm?
1o \ o K b
C Te
(0 ¢7)exp = (7.50£0.31s¢a. +0.345ys. £0.15),, ) pb; (l) = (0.068+0.032¢¢a. £0.0154ys. £0.004), ) ——
CdMyg cp GeV
p [0.8,1.4] .
vV 0.52 Itz | TeV vV 0.012
(o)rs = [1+0.053 )5 + ... ] (6.735%%) o ( dMZ) L (140338 +...] (0.061"5%) G

CDF Collaboration, Conference Note 9913; CDF Collaboration, 0903.2850
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The Forward-Backward Asymmetry of the Top Quark

Combined Experimental Constraints

Dependance of ALy on CY not
very pronounced

ut

dog

dMz

1%

o CY constrained by oz and

C

@ Need sizable axial-vector
=S B A contributions with different signs
9% CL i (or sizable FCNCs) to explain

95% CL -
—10} ™ 68%CL ] discrepancy
-40 -20 0 20 4C
A4
Cm?
[0.8,1.4]
doyg \ TeVv fb
(oet)exp = (7:5040.3Lsta. £0.340ys. £0.151, ) pbi | L& = (0:068:£0.0325ta. £0.0155y5. £0.0041,, ) ———
8/ exp
p [0.8,1.4] .
Vv +0.52 . o | TeV =V +0.012
(o)rs = [1+0.053 )5 + ... ] (6.735%%) o ( dM&) T (140338 +...] (0.061"5%) G

CDF Collaboration, Conference Note 9913; CDF Collaboration, 0903.2850
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Other Observables and RS Signatures at a Linear Collider

Outline

© Other Observables and RS Signatures at a Linear Collider
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Other Observables and RS Signatures at a Linear Collider

Possible Signals in Other Top Quark Observables?

o Errors on 0,7 and 9% at Tevatron still too bi
tt dM g
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Other Observables and RS Signatures at a Linear Collider

Possible Signals in Other Top Quark Observables?

@ Errors on o and j,('f_ at Tevatron still too big
tt

@ Linear eTe™ collider can deliver sufficient precision to discover
deviations predicted in RS scenarios
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Other Observables and RS Signatures at a Linear Collider

Possible Signals in Other Top Quark Observables?

@ Errors on o and j,('f_ at Tevatron still too big
tt

@ Linear eTe™ collider can deliver sufficient precision to discover
deviations predicted in RS scenarios

@ Relevant graphs for top pair production at ee™ collider:
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Other Observables and RS Signatures at a Linear Collider

Possible Signals in Other Top Quark Observables?

@ Errors on o and j,('f_ at Tevatron still too big
tt

@ Linear eTe™ collider can deliver sufficient precision to discover
deviations predicted in RS scenarios

@ Relevant graphs for top pair production at ee™ collider:
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Other Observables and RS Signatures at a Linear Collider

Possible Signals at a Linear Collider

Sensitivity to KK scales that are not (directly) accessible at the
LHC (or testable with current EWP measurements) could be
possible at ILC due to high precision

De Pree, Sher, hep-ph/0603105
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Possible Signals at a Linear Collider

Sensitivity to KK scales that are not (directly) accessible at the
LHC (or testable with current EWP measurements) could be
possible at ILC due to high precision

De Pree, Sher, hep-ph/0603105

@ For brane fermions a 1% measurement of o,z could probe KK
scales of up to 150 TeV (/s =1 TeV)
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Possible Signals at a Linear Collider

Sensitivity to KK scales that are not (directly) accessible at the
LHC (or testable with current EWP measurements) could be
possible at ILC due to high precision

De Pree, Sher, hep-ph/0603105

@ For brane fermions a 1% measurement of o,z could probe KK
scales of up to 150 TeV (/s =1 TeV)

@ For bulk fermions (depending on bulk masses) sensitivity up
to 10 — 15 TeV is possible by precision measurement of o,z
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Possible Signals at a Linear Collider

Sensitivity to KK scales that are not (directly) accessible at the
LHC (or testable with current EWP measurements) could be
possible at ILC due to high precision

De Pree, Sher, hep-ph/0603105
@ For brane fermions a 1% measurement of o,z could probe KK
scales of up to 150 TeV (/s =1 TeV)

@ For bulk fermions (depending on bulk masses) sensitivity up
to 10 — 15 TeV is possible by precision measurement of o,z

e Measurement of Af with sensitivity of 0.2% (several years of
ILC running) could probe KK scales of up to 30 TeV for bulk
fermions
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Other Observables and RS Signatures at a Linear Collider

Possible Signals at a Linear Collider

Sensitivity to KK scales that are not (directly) accessible at the
LHC (or testable with current EWP measurements) could be
possible at ILC due to high precision

De Pree, Sher, hep-ph/0603105

@ For brane fermions a 1% measurement of o,z could probe KK
scales of up to 150 TeV (/s =1 TeV)

@ For bulk fermions (depending on bulk masses) sensitivity up
to 10 — 15 TeV is possible by precision measurement of o,z

e Measurement of Af with sensitivity of 0.2% (several years of
ILC running) could probe KK scales of up to 30 TeV for bulk
fermions

o Corrections to ALy (for bulk fermions) presumably too small
also at ILC
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Other Observables and RS Signatures at a Linear Collider

Rare Top Decays

Significant effects possible in t — ¢ Z and t — ch

107t
1073, .

10°°4
1077}

B(t - ch)

107°
1071t

<=--ILc200fbt

1073}

10—15 . . . .

MKK [TeV]
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Other Observables and RS Signatures at a Linear Collider

Summary

@ RS models offer interesting possibility to address unexplained
hierarchies
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Other Observables and RS Signatures at a Linear Collider

Summary

@ RS models offer interesting possibility to address unexplained
hierarchies

@ Expect sizable effects in couplings involving 3rd generation
quarks
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Other Observables and RS Signatures at a Linear Collider

Summary

@ RS models offer interesting possibility to address unexplained

hierarchies
@ Expect sizable effects in couplings involving 3rd generation
quarks

e Corrections to ALy are marginal due to UV localization and
small splitting of light quarks
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Summary

@ RS models offer interesting possibility to address unexplained

hierarchies
@ Expect sizable effects in couplings involving 3rd generation
quarks

e Corrections to ALy are marginal due to UV localization and
small splitting of light quarks

@ NLO contributions are relevant
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Summary

@ RS models offer interesting possibility to address unexplained
hierarchies

@ Expect sizable effects in couplings involving 3rd generation
quarks

e Corrections to ALy are marginal due to UV localization and
small splitting of light quarks

@ NLO contributions are relevant

e Generic tension between having large effects in ALy and
achieving a natural solution to the flavor problem
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Other Observables and RS Signatures at a Linear Collider

Summary

@ RS models offer interesting possibility to address unexplained
hierarchies

@ Expect sizable effects in couplings involving 3rd generation
quarks

e Corrections to ALy are marginal due to UV localization and
small splitting of light quarks

@ NLO contributions are relevant

e Generic tension between having large effects in ALy and
achieving a natural solution to the flavor problem

@ Linear collider could test very high KK scales that are not
directly accessible

Florian Goertz (Uni Mainz) Top-Quark Pair Production in RS



Other Observables and RS Signatures at a Linear Collider

Summary

Thank you for your attention!
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Other Observables and RS Signatures at a Linear Collider

Backup: RS as a Solution to the Flavor Puzzle
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Backup: RS as a Solution to the Flavor Puzzle
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Other Observables and RS Signatures at a Linear Collider

Backup: RS as a Solution to the Flavor Puzzle

mg, = O(1) x 75 |Fq:Fal : Vo [ (Y, ~00)
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Other Observables and RS Signatures at a Linear Collider

Backup: RS as a Solution to the Flavor Puzzle

mg, = O(1) x 75 |Fo,Fq| : Vo [ (v, ~0)
|F01‘ |F02| 2 |F01‘ 3
T~ A, AT, L. ARV
|FQ2‘ |FQ3| |FQs‘
1 A X3
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Backup: RS as a Solution to the Flavor Puzzle

mg, = O(1) x 75 |Fo,Fq| : Vo [ (v, ~0)
|F01‘ |F02| 2 |F01‘ 3
T~ A, AT, L. ARV
|FQ2‘ |FQ3| |FQs‘
1 A X3
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Other Observables and RS Signatures at a Linear Collider

Backup: RS as a Solution to the Flavor Puzzle

mg, = O(1) x 75 |Fo,Fq| : Vo [ (v, ~0)
|
|F01‘ |FQz| 2 |F01‘ 3
~ A\, AT, =~
|FQ2‘ |FQ3| |FQs‘
1 A X3

one-to-one correspondence to Froggatt-Nielsen mechanism

Froggatt, Nielsen, Nucl. Phys. B 147, 277 (1979)
S. Casagrande, FG, U. Haisch, M. Neubert, T. Pfoh, 1005.4315
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Other Observables and RS Signatures at a Linear Collider

Backup: Custodial Protection

Implement custodial protection by extending the SM gauge group

SU(3)c x SU(2)L x SU(2)g x U(1)x X PLr

SUR)r x U(1)x —> U(1)y

Pir : interchange SU(2); < SU(2)r
T parameter protected

by € (2,2)2/3 — Zb; b, protected

Agashe, Delgado, May, Sundrum, hep-ph/0308036,
Agashe, Contino, Da Rold, Pomarol, hep-ph/0605341
alternative option: heavy Higgs, Casagrande, FG, Haisch, Neubert, Pfoh, 0807.4937
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Other Observables and RS Signatures at a Linear Collider

Backup: Rare Decays t — ¢Z% and t — ch

@ Expect sizable efects due to IR localization of top quark
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Other Observables and RS Signatures at a Linear Collider

Backup: Rare Decays t — ¢Z% and t — ch

@ Expect sizable efects due to IR localization of top quark

@ Fermion masses generated through Higgs mechanism and
compactification = Higgs FCNCs
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Other Observables and RS Signatures at a Linear Collider

Backup: Rare Decays t — ¢Z% and t — ch

@ Expect sizable efects due to IR localization of top quark
@ Fermion masses generated through Higgs mechanism and
compactification = Higgs FCNCs

107t 10"

1073 L.

N 5

! J

Q Q
10—11 L

<=-- ILc200fb

10—13

——— 95%CL ATLAS
50 ATLAS

8 10

m 95% CL CDF

2

4 6
Mgk [TeV]
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