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Outlook

@ Why is the top quark important?

@ The top quark at colliders
e The top quark at Tevatron
@ The top quark at LHC
e Thetop quark at ILC

© Summary and discussion
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Why is the top quark important?

Why is the top quark important?

The effect of new physics at high scales can be described with an
effective Lagrangiaimvolving the SM fields

1
L:effzc4+PLﬁ+...
Ly [] SM Lagrangian
L5? ] Forbidden, ifB andL conserved
Le = Y ,oxOx+ hc. Corrections from scald
Ox (] 81 operatorsup to flavour indices)

[Buchmiuiller, Wyler '86]

Top quark heavy [] Larger effects expected in its couplings
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Why is the top quark important?

New physics contributions to top couplings

New heavy VB
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New physics contributions to top couplings

New heavy VB
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Why is the top quark important?

New physics contributions to top couplings

Higgs VEV

Vertex correction

New heavy VB
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Why is the top quark important?

New physics contributions to top couplings

New heavy VB
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Why is the top quark important?

New physics contributions to top couplings

Integrate

—

New heavy VB 4-fermion coupling
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Why is the top quark important?

New physics contributions to top couplings

Triangle diagram

Box diagram
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Why is the top quark important?

New physics contributions to top couplings

/& Effective X
couphng

Triangle diagram Vertex correction
Box diagram 4-fermion coupling
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Why is the top quark important?

Example: corrections from heavy fermion exchange

7 (out of 81) dimension six operators generated

6 contribute to top couplings [del Aguila et al. '00]
L7 = 23 (ULXUL Pu. + URXUR Pur — ZSGV‘JEM)

_ 9 " " +
Lw=— E(ULW’V dL—{—URW’ydR)W + h.c.

YUUR—I— h.c.
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Why is the top quark important?

Example: corrections from heavy fermion exchange

7 (out of 81) dimension six operators generated

6 contribute to top couplings [del Aguila et al. '00]
Xﬁ'L = j — A2V|k( “q - '“q)mV
L7 = —% (ULXUL’y“UL + URXUR’)/”UR — ZSGVJEM) Z,
__9 u " +
Lw=— ﬂ(ULW’y dL—{—URW’ydR)W + h.c.

YUUR—I— h.c.
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Why is the top quark important?

Example: corrections from heavy fermion exchange

7 (out of 81) dimension six operators generated

6 contribute to top couplings [del Aguila et al. '00]
R 2
Xi']1 = A2 (”ou)|
L7 = 23 (ULXUL Pu. + URXUR Pur — ZSGV‘JEM)
_ 9 " " +
Lw=— E(ULW’V dL—{—URW’ydR)W + h.c.

YUUR—I— h.c.
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Why is the top quark important?

Example: corrections from heavy fermion exchange

7 (out of 81) dimension six operators generated

6 contribute to top couplings [del Aguila et al. '00]
L7 = 23 (ULXUL Pu. + URXUR “UR — ZSGV‘JEM)
Wi = Viedig + A2V|k( Hq>)k]
Lw=— \%(ULWL rdL + OrW ’)/”dR)W—’——}—hC
Ly = i LYYUr + h.c.
H ﬁ R
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Why is the top quark important?

Example: corrections from heavy fermion exchange

7 (out of 81) dimension six operators generated

6 contribute to top couplings [del Aguila et al. '00]
L7 = 23 (ULXUL Pu. + URXUR Pur — ZSGV‘JEM)
2
i? - 2 A2 (”uo)
Lw=— \% (ULWL “dL—{—URWR ”dR)W—’——}—hC

YUUR—I— h.c.
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Why is the top quark important?

Example: corrections from heavy fermion exchange

7 (out of 81) dimension six operators generated

6 contribute to top couplings [del Aguila et al. '00]
L7z = 23 (ULXUL Pug + URXUR Hug — ZSGV‘JEM)
__9 u " +
Lw (ULW’)/ dL—{—URW’y dR)W + h.c.
V2
u u V2 1. IRV
Yi = 0N — Az <Vlk((1u i+ Z()u [Vi (e )i + ((m))‘kvkj])
=~ o+ he
H \@ R
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Why is the top quark important?

So, why is the top quark important?

Measure top quark couplings[] clean window for new physics
e With, Ztt: sizeable corrections m¢/mé with new fermions
@ FCN top couplings= new physics (tiny in SM)
@ Yukawa coupling: test EWSB. .. after Higgs discovery!

@ New scalars: larger coupling to top quark

Measure top mass precisely[] cleansewindow for new physics

@ Where top quark loop contributions important: reduce uncertainty!

And investigate top production processes

@ New physics coupling to top may appeamm distribution
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The top quark at Tevatron
The top quark at colliders The top quark at LHC
The top quark at ILC

Top quark properties

Quantum chgrge
numbers P
isospin Other
mass width
) tt xsec
SM couplings: tt spin correlations
Lagrangian Wih, Ztt, gtt, ytt, Htt Singlet xsec
parameters T Singlet polarisation
BSM couplings: Rare decays
Ztq, gtq, ytqg, Htg
(@=u.c)
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The top quark at Tevatron
The top quark at colliders The top quark at LHC
The top quark at ILC

The top quark: overview

Indirect data constrain the top quark to be rather SM-like

o But indirect constraints: measurements
e And there is large room for new physics, anyway

Measurements at Tevatron limited by statistics

LHC statistics excellent, but large systematics

o Example: single top 10% [CMS TDR]
o Example:ttH 26% [CMS TDR]

ILC systematics expected smaller, but beware:

o Likely, systematics will determine precision too
o It may take work to obtain precise measurements
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The top quark at Tevatron
The top quark at colliders The top quark at LHC
The top quark at ILC

Precise measurements at Tevatron

e charge
Q = —4/3 excluded at 92% CL [DO "06]
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The top quark at Tevatron
The top quark at colliders The top quark at LHC
The top quark at ILC

Precise measurements at Tevatron

e charge
Q = —4/3 excluded at 92% CL [DO '06]
@ mass
m = 1714 4+ 1.2 (stat)+ 1.8 (sys) GeV [CDF+DO '06]
SM fit: m = 1723+1%2 GeV,my = 89738 GeV [PDB '06]
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The top quark at Tevatron
The top quark at colliders The top quark at LHC
The top quark at ILC

Precise measurements at Tevatron

e charge

Q = —4/3 excluded at 92% CL [DO '06]
@ mass

m = 1714 4+ 1.2 (stat)+ 1.8 (sys) GeV [CDF+DO '06]

SM fit: m = 1723+1%2 GeV,my = 89738 GeV [PDB '06]
o ttxsec

o =7.3£0.5 (stat)£ 0.7 (sys) pb(m = 175 GeV)  [CDF '06]
o = 7.5+ 0.9 pb(m = 172 GeV) [CDF '06]
SM prediction (172 GeV)r = 7.4793 pb [Cacciari et al. *04]
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The top quark at Tevatron
The top quark at colliders The top quark at LHC
The top quark at ILC

Vg, coupling at Tevatron

e Single top not yet observed (0.7 h [CDF '06]
0s ch = 0.3753 (stat) "3 (sys) pb  []  os_ch < 3.2 pb (95% CL)
ot_ch = 0.6752 (stat)+ 0.1 (sys) pb [] or_ch < 3.1 pb (95% CL)

F. del Aguila Why is ILC so important for top physics ?



The top quark at Tevatron
The top quark at colliders The top quark at LHC
The top quark at ILC

Vg, coupling at Tevatron

e Single top not yet observed (0.7 h [CDF '06]
0s ch = 0.3753 (stat) "3 (sys) pb  []  os_ch < 3.2 pb (95% CL)
ot_ch = 0.6752 (stat)+ 0.1 (sys) pb [] or_ch < 3.1 pb (95% CL)

e Br(t — Wb)/Br(t — Wq) measured
_ Vi |? _ 0.19 ,
D R= |th\2+|\/1t:|2+|vtb|2 B 1'03t0'l7 [DO 06]
(not a direct measurement gf,)
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The top quark at Tevatro
The top quark at colliders The top quark at LHC
The top quark at ILC

Indirect limits onV,

o CKM unitarity —if 3 x 3!

mt=172.7 GeV
o Rb vip=1 mt=0
ALEPH mult . 0.2158 + 0.0009 + 0.0009
o b— sy, Amg... 199295
DELPHI mult 0.21643 £ 0.00067 + 0.00056
1992-95
L3 mult A 0.2166 = 0.0013 + 0.0025
4.5~ < 1994-95
10°Br(b—>sy) (1 =0) OPAL mult 0.2176 + 0.0011 + 0.0012
4.25 NN 199295
h SLD vtxmass ~ ——¢-t 0.21576 + 0.00094 + 0.00076
1993-98
3.
3. LEP+SLD Hb— 0.21629 + 0.00066

0.214 0.216 0.218
b

[LEP EWWG, '05]
[Misiak, '06]
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The top quark at Tevatron
The top quark at colliders The top quark at LHC
The top quark at ILC

Witbcoupling at Tevatron

Non-standardtbcouplings [] W helicity fractions

Longitudinal fraction Left-Handed fraction Right-Handed fraction

F, F. Fr
0 1/2 +1
+112 +112 wiz

-112

l +1/2 l +1 l
SM: Fo = 0.703 FL. =0.297 Fr = 0.00036
NLO: Fo = 0.693,F, = 0.305,Fg = 0.0015 [Do et al., PRD '02]

(small effect even for LHC precision)
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The top quark at Tevatron
The top quark at colliders The top quark at LHC

The top quark at ILC

Witbcoupling at Tevatron

Most general (On-shelwtbvertex uza:"" e ‘,
. ) NN Y A
Boy = = 507" (VP + VPRI LW, i
g . iockvq, o

(OPL+ GrRPRItW, +hef 1~

-02 015 -01 -005 0 005 01 015 02
Coupling

95
V2 Mw

Anomalous couplings deviations in a— \
VR, OL, OR Fo, Fo, Fr T4

02 015 01 -005 0 005 01 015 02
Coupling
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The top quark at Tevatron
The top quark at colliders The top quark at LHC
The top quark at ILC

Measurement diV helicity fractions

¢ distribution inW rest frame

1 dr
I' d cost;

3 . 3.2,
= g(1—cosd;)*F + 7 sirf 0] Fo g /”
+ §(1—1—0056?*)2F
8 v R /

CDF 955 pbt
[Chwalek et al. (CDF), '06]

SM prediction (MC LO)

0., T T T
07k i » 100 CDF Run Il Preliminary -
06 + MCsimulation 2 R Dwians‘zq
‘o 061 N o int = 955 pb Weag
Q S 80F = oco
8 o5 B o
o Z 60F
= 04r q
°
L o3+ 4 40
= 021 q 20k
0.1+ 8
0 L L L L L L L c-1 -0.5 0 0I5 1
-1 075 05 025 0 025 05 075 1 : ! G
cos 6 cos er(-:‘c
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The top quark at Tevatron
The top quark at colliders The top quark at LHC
The top quark at ILC

Measurement diV helicity fractions

One-parameter fit to experimental data [Chwalek et al. (CDF), '06]
AssumingFr =0  [] Fo= 059+ 0.12 (staty 33 (sys)
AssumingFo = 0.7 [] Fgr= —0.03+ 0.06 (stat) 555 (sys)

No useful limits on anomalous couplings yet

Precision dominated by statistics
[1 will be greatly improved at LHC

Systematics reduced with other observables:
helicity ratios and asymmetries

0 Important measurement: constrain new physics in top decays in
order to search for new physics in production
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The top quark at Tevatron
The top quark at colliders The top quark at LHC
The top quark at ILC

Note: indirect limits onWtbcouplings

Indirect limits fromb — sy

Constraint\Vg + 20V3 ~ 41073

[Larios et al-’ l99] s 10'Br(b — s7) 0, =1
[1 Indirect limit 2 measurement 275
Assumes no other new physics|  *~
Two regions allowed e :
e Vg ~ —0.05 (cancellation) L . |
—3
© Ve 21D [Misiak, '06]

First region excluded at 90% CL
by LHC (see later)

4
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The top quark at Tevatron
The top quark at colliders The top quark at LHC
The top quark at ILC

Top quark properties after Tevatr

Quantum ch_arge
spin
numbers .
isospin Other
width
i _ tt xsec
\?vMbczouplmgsH tt spin correlations
Lagrangian Wt : V\t/t gttt Htt Singlet xsec
parameters V0 WIS Singlet polarisation
BSM couplings: Rare decays
Ztq gtqytq Htq
(@=u,c)
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The top quark at Tevatron
The top quark at colliders The top quark at LHC
The top quark at ILC

Precise measurements at LHC

@ mass

Am; ~ 1 GeV combining several channels [CMS TDR]
(statd sys, dominated by systematics)
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The top quark at Tevatron
The top quark at colliders The top quark at LHC
The top quark at ILC

Precise measurements at LHC

@ mass
Am, ~ 1 GeV combining several channels [CMS TDR]
(statd sys, dominated by systematics)

e Vi
Single top:Aot—ch/ot—ch = 10% [CMS TDR]

(3% statd 4% th® 5% sys® 5% lum)
[1 AVip/Vi =5%
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The top quark at Tevatron
The top quark at colliders The top quark at LHC
The top quark at ILC

Wtbanomalous couplings at LHC

Precision dominated by systematics

1
already for 10 fbr Arg [1=0] A, [t= %(22-1)]
New observables [] smaller sys. el . A
[Aguilar-Saavedra et al., '06] . . -
] Helicity ratiOSpR,L = FR7L/F0 ‘ A.,

extracted from fit to cog; distribution ‘ N
e Angular asymmetries
t=0 (] Ars
_ N(cosfl; >t) —N(cost; <t) t=—(22*-1) [] A,
~ N(cosf; >t) + N(cost; < t) t=(2*-1 [] A_

A

Combined limits up t&®.2x betterthan fromF, Fo, Fr
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The top quark at Tevatron
The top quark at colliders The top quark at LHC
The top quark at ILC

Wtbanomalous couplings at LHC

0.04F m — Iolimitong, |
~loimiong,

0.021 =

Combination ofA, pr| 9 |

o g . 0,021 1
@ Limits 2 — 4% on anomalous couplings
already for 10 fio'? o]
-0.15 -0.1 -0.05 éi 0.05 01 015
@ More observables required to rule out g ‘ ‘ ‘ ‘
. .04 . Pig — olimitonV|+
cancellations — 1olimton,
0.02- |
@ Overall scaleY,) uncertainty~5% . o 1
[] [ILC measurement 0¥y, required!
v -0.02- B
-0.04f B
-d.2 -6.1 [‘) O‘,l 0‘.2

VR
[Aguilar-Saavedra et al., ATL—COM '06]
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The top quark at Tevatron
The top quark at colliders The top quark at LHC
The top quark at ILC

Measurement oZtt, ytt couplings at LHC

g L R 4 thf =1
Low = —ootyh ( PL+ XBPr— = )tZ SM:
2 2cw _ XePL+ X 356\/ . rest: zero
=2/3
Ly = —et’Y (Qt + Qf'ys) t A, SM: @ /
wq rest: zero
—et T () + glrs) LA,

F. del Aguila Why is ILC so important for top physics ?



The top quark at Tevatron
The top quark at colliders The top quark at LHC
The top quark at ILC

Measurement oZtt, ytt couplings at LHC

ProcessediZ andtty (parton-level analysis) [Baur et al., '05, '06]
AXE, AXR ~ 0.13@® A (sys)

AQr~0.05¢ A(sys) [] Complement jet charge measurement
Limits poorer on rest of couplings

Limits obtained for 300 fb!
Limits include 30% xsec uncertainty

Sys. expected, 5% fromWtbanalysis
(perhaps optimistic: harder environment in high luminosity phase)
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The top quark at Tevatron
The top quark at colliders The top quark at LHC
The top quark at ILC

Top Yukawa coupling at LHC

Top Yukawa coupling intH production

Old estimates: precisioA;/A\; = 12— 15%  [Weiglein et al., '04]

Most recent calculationgtH, H — bb will not be seen:
significance 0750 for my = 115 GeV and 60 fb! [CMS TDR]

Main reasonttnj background larger than expected

ttH,H — vy [0 AM/\ ~20%@ Ao (sy9/2
(significance extracted from data ICMS TDR])

ttH, H — WTW~ not likely to be useful
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The top quark at Tevatron
The top quark at colliders The top quark at LHC
The top quark at ILC

Spin correlations it production

Top quarks (almost) unpolarisedtinproduction but with spins
correlated

U(tRfR) + O'(thL) — O'(tRfL) — U(thR)

C= ~ 0.326
U(tRfR) + O'(thL) + O'(tRfL) + O'(thR)
[Bernreuther et al,. NPB '04]
LHC precision:AC = 0.024 [Hubaut et al., EPJC '05]

Spin correlations may allow to:
e Detect non-standargtt couplings
e Determine parity of a resonance decayingtto

after anomalousVtb couplings constrained with other observables
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The top quark at Tevatron
The top quark at colliders The top quark at LHC
The top quark at ILC

Top quark properties after LH

Quantum ch_arge
numbers P
isospin Other
width
. tt xsec
SM couplings: tt spin correlations
Lagrangian . thmtt Hit Singletxsec
parameters Singlet polarisation
BSM couplings:
(Q=u,c0)
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The top quark at Tevatron
The top quark at colliders The top quark at LHC
The top quark at ILC

Precise measurements at ILC

Top mass and width measurements
Threshold scan ay/s ~ 2m; (fast sim.) [Martinez, Miquel, EPJC '03]

(o2
Observables; Peak ofip| distribution []  extractm, I't, At
FB asymmetry

Ao (th) = 3%
At known orH heavy

Ao (th) = 1%
Aas = 0.001 known

Am =19MeV AIt=32MeV Aas=0.0012

Am =31MeV AT\ =34MeV AN/\="0%

m = 1Smass (convertible tMS mass)
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The top quark at Tevatron
The top quark at colliders The top quark at LHC
The top quark at ILC

Precise measurements at ILC

Excellent experimental precision requires

. — 20
Goal: Aoy (th) = 3%  [] small theoretical uncertainties

tt pair at threshold: non-relativistic, Ty
velocityv = /1 —4m¢/s < 1 HE O -

. . . , e
Multi-gluon diagrams: contributions 3 - S
x (as/V)", (aslogv)" must be summed o >

0z s LL ,NLL , NNLL
Electroweak corrections have same size oo ?_;9(3‘50 A R
s(GeV)
Present theoretical uncertainty: 6% [Hoang et al., PRD '02]
’ [Hoang, APPB '03]
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The top quark at Tevatron

The top quark at colliders The top quark at LHC
The top quark at ILC

Vip measurement at ILC

e efe~ — tW~b belowtt threshold [Batra, Tait, PRD '06]
AVip/NVip ~ 4.2% D Ao (sys)/2  (for ATy = 50 MeV)

e ey — vibat 500 GeV [Boos et al., EPJC '01]
AVip/NVip ~ 1% @ Ao (sys)/2

ISR, beamstrahlung, beam spread not included
Systematic uncertaintieso (sys = 5%? (LHC 10%)
ete~ not likely to improve LHC measurement

ey measurement limited by systematic§’ ] NNLO?
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The top quark at Tevatron
The top quark at colliders The top quark at LHC
The top quark at ILC

Measurement oZtt, ytt couplings at ILC

Processete — tt
Fast simulation [Abe et al., '01]

AXE, AXR ~ 0.02@ A (sys)
AQ; ~ 0.05@ A(sys) (same asLHC)
Limits assume all other anomalous couplings zero
Good precision foZ: requires good theoretical predictions

<

F. del Aguila Why is ILC so important for top physics ?



The top quark at Tevatron
The top quark at colliders The top quark at LHC
The top quark at ILC

Measurement oZtt, ytt couplings at ILC

General model-independent analysis challenging:
e Production involves exchange Bf~ (4 + 4 couplings)
e Decayt — Whbinvoves 4 couplings too

Strategy:
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The top quark at Tevatron
The top quark at colliders The top quark at LHC
The top quark at ILC

Measurement oZtt, ytt couplings at ILC

General model-independent analysis challenging:
e Production involves exchange Bf~ (4 + 4 couplings)
e Decayt — Whbinvoves 4 couplings too

Strategy:
e Use LHC bounds on anomaloWétb
couplings(likely, much more stringent) > LHC-ILC
complementarity
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The top quark at Tevatron
The top quark at colliders The top quark at LHC
The top quark at ILC

Measurement oZtt, ytt couplings at ILC

General model-independent analysis challenging:
e Production involves exchange Bf~ (4 + 4 couplings)
e Decayt — Whbinvoves 4 couplings too

Strategy:
e Use LHC bounds on anomaloWétb
couplings(likely, much more stringent) —> LHC-ILC )
e Use information frontty at LHC —v SRl ET TR J

(similar precision expected)
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The top quark at Tevatron
The top quark at colliders The top quark at LHC
The top quark at ILC

Measurement oZtt, ytt couplings at ILC

General model-independent analysis challenging:
e Production involves exchange Bf~ (4 + 4 couplings)
e Decayt — Whbinvoves 4 couplings too

Strategy:
e Use LHC bounds on anomaloWétb
couplings(likely, much more stringent) —> LHC-ILC )
e Use information frontty at LHC —v SRl ET TR J

(similar precision expected)

e Analyse various CM energies to
disentangley* ando*”q,
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The top quark at Tevatron
The top quark at colliders The top quark at LHC
The top quark at ILC

Example:Xt dependence of observables

Total xsec FB asymmetry Sample spin asymmetry
. . 1. ! T
12 1| 29 uncertainty band 11 Awo™ 70406 4yt uncertainty band El
1.0]
1.1 Ag,=-0316 Ao = 0459
° 5 09F E
- 09) 13
S 19 {E < o8k E
o o 8
< COTh, oo P,
09 ] o™ -
08 osf —el 4
- — P,
osh 0,=1230fb E - 05 =
08 05 09 0% 1 %bs 08 09 0% 1 %% 085 09 0% 1

Statistical errorsg 0.5% for L = 1000 ot and any beam polarisation

. Ao /o =5%

Reasonable (?) systematic errors:;
AAFB/AFB =2% AAee/Aee = 4%

PrecisionAX /X ~ 0.02 for Py or P,

Use LHC input on

very sensitive folP .
Aeevery 00 N anomalousVtbcouplings
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The top quark at Tevatron
The top quark at colliders The top quark at LHC
The top quark at ILC

Top Yukawa coupling measurement at ILC

ttH not seen at LHC

Light Higgs
¢ 99s [ At mustbe measured at ILC
Formy <120GeV [] Small phase space ftiH at 500 GeV

Non-relativistic effects large: xsee 2x largerthan LO
[Hoang, Farrell, PRD '06]

For 1000 flot AN/ ~ 15%@ Ao (sy9/2  (fast simulation)
[Juste "06]

Additional improvement with beam polarisation
ILC # LHC but. .. Bewardtnj!
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The top quark at Tevatron
The top quark at colliders The top quark at LHC
The top quark at ILC

FCNC in top sector

Expectations and LHC precision

SM Qs 2HDM MSSM R SUSY LHC
t—cz 1x 104 1.1x 1074 ~ 107 2x10% 3x107° | 47x10°°
t—cy 46x10¥  75x107° ~ 106 2x107% 1x10°% | 1.7x10°°
t—cg 46x10712 15x1077 ~ 1074 8x 1075 2x107% in progress
t — cH 3 x 10718 41x107°% 15x10°% 10-° ~ 10—®

ILC: single FCNC top productioe™e™ — tq
Again, LHC—-ILC complementarity

Likely, ILC with polarised beams more sensitivett andZtc
of " type

LHC low efficiency forc tagging, better at ILC

ILC does not disentanglé, v couplings, LHC does
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The top quark at Tevatron
The top quark at colliders The top quark at LHC
The top quark at ILC

Top quark properties after IL

Quantum gh;rge
numbers P
isospin Other
mass width
. _ tt xsec
SM couplings: tt spin correlations
Lagrangian Witb Ztt gtt ~tt Htt Singlet xsec
parameters Widiis Singlet polarisation
BSM couplings:
(@=uc)
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Summary and discussion

Example |

New quark singleT " T amn
— Vy=m/m, 1
@ Present limit:my > 258 GeV g T ot
— — 95% bound (direct search)
Vip < 031 (0.46) =N ]
] Vip > 0.95  (0.89) B —
Xt >091 (0.79 o ]
"’lr
@ LHC does not see itmy > 1.3 TeV " e
H — 50 discovery (TT)
Vi, < 0.11  (0.16) o e’ | ]
\ — 95% bound (R,...)
O] Vip > 0.994 (0.987) Fool
Xk >0.988 (0.974) o
ILC precisionAX; /X¢ < 1% required . —__ . ___
— 0 ics! " N
A (stat)= 0.5%, reduce systematics! ) [Aguilar-Saavedra, PLB '05]
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Summary and discussion

Example Il

New gauge bosons .

Large effects in .
AR = o(efer) —o(ere) LT
R= o T —
o(efeg) + o(egel)
AAR/AR =~ 0.1%@ A (sys) for 1000 fio? ’
A (sys)= 1 - 2%? T

400 50 600 700 800 900 1000
ECM GeV

[Djouadi et al., '06]
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Summary and discussion

Example 1l

SUSY

Assume worst scenario;

SUSY not seen at ILC
[ effects< 2% ino(efe — tf)

Need more precision (or new observabl
to see heavy SUSY indirect effects

v

[pb)

a

5 . |
350 400 450 500 S50 600 650 700 750 S00 850 900 950 1000

V3 [GeV

no[GeV

[Guasch et al., '00]
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Summary and discussion

Summary

Precision expected

Tevatron LHC ILC
my 2.2 GeV 1GeV <50 MeV
Vio - 0.05 < 0.02¢?
Witbanom — 002 — 0.04 ?

Xit - > 0.13 0.02

Qe - > 0.05 > 0.05

At - - > 0.15

It - - < 50 MeV
* ey collisions
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Alternative: my, distribution

— M2
mg ~ w(l-l_ cost;)
measurd-g, F_, Fr for knownm

] measuram, for SM values ofF, F|, Fr
(my in final stated — J/¥ — £0) [CMS TDR]
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Angular distributions and asymmetries at LHC

Statistical and systematic errors

Fo 0.699 +0.004(staj  -£0.020(sys 2.9%
FL 0299 +0.004(staj  -0.019(sys 6.4%
Fr 00021 +0.0030(stal =+0.0033(sys -
8.3%

)
pL 04274 +0.0080(stay +0.0356(sy9
pr 00004 +0.0021(stay +0.0016(sy9 -
Asg  —0.2231 +0.0035(staj +0.0130(sy9 5.8%
A, 05472 +0.0032(staj -+0.0099(sy9 1.8%
A_  —08387 +0.0018(staj -+0.0028(sys) 0.33%
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Angular distributions and asymmetries at LHC

Source Fo FL Fr oL PR Arp Ay A_
MC generator 0.0018 0.0014 0.0004 0.0006 0.0000 | 0.0035 0.0015 0.0006
PDFs 0.0045 0.0017 0.0027 0.0046 0.0008 | 0.0021 0.0005 0.0014
Top mass 0.0065 0.0060 0.0006 0.0124 0.0007 | 0.0034 0.0039 0.0005
ISR+FSR 0.0142 0.0131 0.0011 0.0218 0.0001| 0.0046 0.0049 0.0011
btag eff. 0.0080 0.0069 0.0011 0.0126 0.0003| 0.0039  0.0046  0.0004
Ep scale 0.0019 0.0024  0.0004 0.0061 0.0002| 0.0021  0.0017  0.0005
Ej scale 0.0030  0.0038  0.000% 0.0074 0.0002| 0.0038  0.0023  0.0014
Back. 0.0002 0.0000 0.0002 0.0001 0.0000| 0.0001  0.0000  0.0001
Pile-up 0.0087  0.0084  0.0003 0.0175 0.0002| 0.0080  0.0051  0.0006
b frag. 0.0012  0.0015  0.0004 0.0078 0.0011| 0.0045  0.0000  0.0012
Total Asys. 0.0206 0.0188 0.0033 0.0356 0.0016| 0.0130  0.0099  0.0028
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Effect of higher orders ittH

ttH (— Zvbbbbj) and main backgrounds at pre-selection ¢=e, u

o N e (%) o N e (%)
ttH 118.7fo 166.0 4.6 tt3j 54.0pb 1900  0.12
tt 1432pb 1475 0.034 tt4f 27.4pb 1195 0.15
ti 142.7pb 2370 0.055 ftt5) 12.8pb 106%  0.19
tt2] 959pb 2443 0.085 ttbb 564.9fb 1648 4.7

N = # events & = N/Ngen = eff. [Aguilar-Saavedra, '06

e growswith n (largerb mistag probability)

njby PYTHIA [] o0=1387fb N =2076 &= 0.05004
Full ttnj cross sectio®.4x larger thartt+ PYTHIA
ttnj at pre-selectio.0x larger thartt+ PYTHIA
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