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The question:

What could ILC possibly offer to study top couplings
beyond LHC capabilities?

This question is non-trivial because LHC is an excellent top factory.
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This discussion is mainly based on papers

@ “A minimal set of top anomalous couplings”, NPB *09
@ “A minimal set of top-Higgs anomalous couplings”, NPB 09
@ “Effective operators in top physics”, Proc. ICHEP *10

@ “Effective four-fermion operators in top physics: a roadmap”, hep-ph
’10, NPB
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The framework

Our framework

Preferred framework: gauge-invariant effective operators

L=Ly+ L+ ...
where
L4 = Lsm - SM Lagrangian
L¢ = %OX =>» O, gauge-invariant building blocks
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The framework

New physics contributions to top trilinear couplings

Higgs VEV

Vertex correction

New heavy VB
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The framework

New physics contributions to top 4f operators

Integrate

—

New heavy VB 4-fermion coupling
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The framework

Vertex corrections from dim 6 operators:
(1) Gauge interactions: only v* and o#” g, terms
(@ Higgs: only scalar and pseudo-scalar terms

This is general for any two-fermion vertices,
not only the top quark!

So simple after eliminating many redundant operators
[JAAS NPB °09]

vy

Saavedra Top effective operators: why ILC?



The framework

Example: Wtb vertex from dim 6 operators

Lwy = ——= 1_7’7“ (VLPL + VirPR)t W,

l_? z (gLPL—FgRPR)tW; + h.c.

mw Sl

My

q =Pt —Pb=Dw

. 2 .
Anomalous couplings ~ {7 =>  an expansion seems reasonable

. but which one?

Linear new physics effects ~ 1/A? (interference with SM)
quadratic ones ~ 1/A*
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The framework

The 1/A? approximation (mp = 0)
NP structure 1/A? 1/A%
biyity oV, = o (6V,)? + dim 8 LL
bry"x X (6VR)? = H(CP)2 5
brot1; X (6g1)> = 2(C)? 25
bty dgr = \/EC%VX—ZZ (6gr)* + dim 8 LR

keep only 1/A? in observables g s it sensible?
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Example: W helicity fraction Fy , F, ~ 0 in the SM

0.07 0.07 sy
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coupling coupling
toorder 1/A> = F, = FiM approximation not sensible
to explore NP effects
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The framework

In the 1/A? approximation, many observables do not receive

contributions from new physics

Another example: FCNC
FCNC absent in the SM gz  BSM it is order 1/A*

Then, one must go beyond the 1/A? approximation

to have BSM phenomenology

Killing 1/A% kills all smoking guns of new physics!
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The framework

It makes sense to consider the lowest non-zero order

for each type of contribution
iz the leading order approximation

different NP structures

Justified by phenomenology give different effects

consistent within a 1/A expansion
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The framework

The leading order approximation

NP structure 1/ A2
byt oV = C2)23+3)/VT22
bry"tg ) 4
Z)RO"LWIL x

brot i bgr = V2C5 2

1/A%
(6V1)? +dim 8 LL
v4
(V) = §(CE

V4
(081) = 2(Cy)* %

(6gr)* + dim 8 LR
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The framework

The leading order approximation

NP structure 1/ A? 1/ A?
buyity oV, = o (6V,)? + dim 8 LL
bry*tg X (6Vr)* = z(C33*) A
bro 1y X (0gL)* = 2(C33*)
biotty  Ogr = V2CH,Y (6gr)? + dim 8 LR

. and withmy, £ 0, Vg ’,:’7’ ~ V3, gL% ~ g2 of the same order
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Summary (I)

(1 Gauge-invariant effective operators provide a convenient way to
parameterise new physics contributions to top interactions

@ In this framework, the general form of NP corrections from dim 6
operators is rather simple after redundant operators are removed

@ A consistent expansion can be made to address 1/A? corrections
to SM processes and new 1/A* processes absent in the SM

@ There are gauge relations among effective operator contributions
to top interactions

(Nevertheless, measuring all vertices is always useful to overconstrain
effective operator coefficients)
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ILC vs LHC

The question:

What could ILC possibly offer to study top couplings
beyond LHC capabilities?

The answer:
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ILC vs LHC

ILC vs LHC

The question:

What could ILC possibly offer to study top couplings
beyond LHC capabilities?

The-answer one more question:

Has gauge symmetry any implication on LHC / ILC complementarity
for top couplings from effective operators?

Answer both at the same time
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ILC vs LHC

Wtb, Ztt vertices

Consider left-handed v* contributions (RH unrelated)

Co = 5B Wy Vo= Vi €%
2
EZILtL = ZCW [L'y XntL Z X[Lt =1 + |:C(3,3+3) _ Cé;3+3):| %

Lo =~ by Xibr 2, X = —1+ [+ ¢l £

We know from LEP that 6X%, ~ - 6XE =25V !
LHC: Vi measured with 5% accuracy [ATLAS CSC book]
ILC: XL measured with 2% accuracy [Abe et al. *01]

=> ILC probes C (3 313) with 5x better precision!
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ILC vs LHC

Wtb, Ztt and 1t vertices

" g,, contributions

— 2
Lwig, = =25 br Mw “grtg W, gr = V2C 1

pv v2
L= =15 (df 4+ id25)t 2 df = V2Re [ewCihy — swCihy| 5

& = V2Im [ewChy — swChy| 3

vmy

Lo = —eFZ 0 (d) +id{s)t Ay d = 2 Re [swChy + cwCla, |
d, = \f Im [ }

sWCuW + CWCuB¢

= determine both Ci and C33 B J
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ILC vs LHC

Wtb, Ztt and 1t vertices

For example:

. Re Ci%,v from W helicity fractions
determine 3 o
Im C;j, from normal W polarisation in 7 decays

Regp ~0.02 => ReC¥ ~023 (A=1TeV)

LHC sensitivity:
Imgg ~0.04 => ImC3, ~045 (A=1TeV)

= ng " from #f production at ILC with excellent precision

(both Z, v exchange contribute)

Note that v* and 0#" ¢, couplings have different energy dependence, use
measurements at two CM energies

We can also overconstrain C3,, Cig » using tty production at LHC
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ILC vs LHC

Four-fermion operators

General comments

Gauge-invariant 4f operators often give several 4f terms

related by gauge symmetry

We are interested here in operators with two leptons ( => ILC)

top decays i effect ~ m?/A?

top FCNC decays g effect ~ m; /A*
probed in B

ete” — it i effect ~ 5/A°

eTe™ — tig = effect ~ s° / A?
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ILC vs LHC

Four-fermion operators

Operators with two 3™ generation quarks -+ two leptons

ll;e,-l7j tfeié; ﬁl/,'f/j # lBe,-Di ﬁeiéj lfl/,'f/j #

g - VvV V6 o - V - s

o ¢ - ¥V 6 Oz Vv - - 9

ok - v - 6 oF vV Vv - 9

oy - v vV 6 07 vV VvV - 9
ILC benefits e tbe;;: probed in t — be; Vi

@ operators only tested at ILC:
Oﬁq’ Oeua Oéu, Oqe

@ better precision for other ones: B
Otger Ogte ° 1ty ?

e ffe;e;: probed in ete” — it
(with i,j = 1)
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ILC vs LHC

At this point it is good to remember that

(1 Effective operators parameterise NP corrections

@ Any specific NP gives certain operators (not all of them)

Example: heavy Wy does not give LLLL 4f operators

(3 Missing to probe some operators means that we may miss

the ones actually produced !

This is also a motivation to keep operators giving 1/A* corrections
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ILC vs LHC

Four-fermion operators

Operators with one 3 gen. + one light quark + two leptons

l(_jkeiﬁj tuge;e;j tuy Viv; # t(_ikeiﬁj tuge;e;j tu Viv; #

o - vV Vv B ok - -1

o - vV B o v Vv -1
= e

ok - v - 18 ot - v - 18
j3ki kij3

ok - v v 13 or v v - 18

o v - 18 ot - v - 18

@ tdye;7;: probed in t — diei v;
ILC benefits ket P K

@ better precision for operators

© rige;e;: probed int — uge; e
o and eTe™ — tiy (i,j = 1)
giving tuyee terms

@ fiv;v;: probed in t — w v
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ILC vs LHC

Summary (1)

The answer: benefits from ILC

(1) Much effort is devoted to measure the Wt by interaction

in single top production at LHC

we have shown that measuring Zz;#; at ILC is
equivalent but with 5x better sensitivity to NP

(provided that we know from LEP that Zb, b, is close to SM)

(2 LHC + ILC measurements can determine all contributions to

Ztt, ytt vertices with good precision

(® Many four-fermion operators can be tested at ILC but not at LHC
(some at both: ILC precision better)
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ILC vs LHC

ADDITIONAL SLIDES

Top effective operator:



ILC vs LHC

Operators involving top trilinear interactions

Osil,iﬂ') _ é [¢T(T’D“ — <L_)m'l)(t)] (éLf’Y”TIqu)
0 — %(quﬁﬁb)(‘_lLi’Yquj)

0, = i(¢"Dy ) (itriy" dy)

oy = (¢*<D_“) &) (iiriy" ur;)

Oy = (quo” ”TIMRJ‘)(Z3 W

0l = (Guo™ m'dr))p W,

Oy = (ZILiU“V”Rf)¢B#V

O,fw = (qu\'0" ur)d G,

0%, = (¢'¢)(quiuri®)

Top effective operators: why ILC?



ILC vs LHC

Four-fermion operators (I)

Ol = 5(qu" qu) (quy* qu) O = 5 (Guay" quw) (@usn qua)
Ol = (" 1) (quy" qu) Ol = (" qu)) (@ury"Cur)
OZI; = 2Ly lry) (Lriy*us)

o = 3 (ariry ugy) (ipary™ urr) Ol = 3 (driy" diy) (driy™ i)
0% = (itriy" ury) (drey" dr) Oy = (triay" urp) (drioy" dia)
OU' = (erry" ery) (itriy" uri) Ol = (er" exs) (drey" dir)
O = L (eriy"er) (erey"er)
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ILC vs LHC

Four-fermion operators (II)

Zfi (Griur;) (Hrrqrr) Ogﬁi (Griattrip) (UrkbqLIa)
Ol = (quidiy) (drequi) O™, = (Guiudip) (driw )
O = (Criury) (trilr) 0} = (Cuidw) (drilr)

0% = (quier;) (erqur) 0% = (Luier)) (drequr)
0%’ (CLuier;) (erelur)
03Zi = (qriur;) [(ZILkE)Tde} OZZIE, = (qLialtrjp) [(qube)Tdea]
Ol = (Luiewy) [(qure) uri] Ol = (Guier) [(Cuxe) uri]
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