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Top quark in the SM

1995 Top quark discovery at Tevatron
Complete the 3¢ quark family

Spin=1/2
electricCharge=2/3
Color Triplet

RQ: NO direct measurement of quantum numbers of theTOP
quark, only indirect informations

The free parameters in the Top sector are
The Top Mass (free fondamental parameter of the SM)
CKM matrix elements
unitarity => V,, =0.9990 -0.9992 => + - Wb

Coupling fixed by the gauge structure

Width computable from the SM

- 2 () (2

1.48 GeV

Q



Why the Top quark is so interesting ?

Large mass
The only fermion heavier than the W
M, =35M,
Top-Higgs Yukawa coupling :
A =V2 My /v ~1
Interact heavily with the higgs sector

EPTONS

Electron Neuirino Muon Neutrino

EEEEEEE
105.7
QU ARK

>

Cham

Q

Strange

=> Suggest that the Top quark play a specific role in the electro

weak symmetry breaking (EWSB).

=> All New Physics in connection with EWSB should couple
preferentially to the Top quark : Top sector is an ideal laboratory

to search for ‘New Physics’

Short lifetime

M =1.48GeV — 1y = 0.44 x 10 **'s < Tocp ~ 3x 10 s

The Top Quark decays before hadronisation
=> We can study the properties of a « nude » quark (Top Mass) 3



Top physics: which measurements

Productions mechanisms
Production X-sections
Vib
Spin correlations

Ttbar production by new
resonances

Properties
Top mass
Charge
Decay properties

= Electroweak (V-A) vertex
W helicity

= Rare Top decays

Search for New physics using
heavy flavour

Top Widath
Production Top Spin
cross-section
Top Charge

Resonance
prodguction
Froduction T
kinematics
Top Spin
Polarization

Rare/non SM Decays -

Branching Ratios

Anamalous
Couplings

£F vielation




tt production at hadron colliders: total cross section

= The top quark has been observed proton - (ani)proton cross sections

only at Tevatron: W gy

10° E 5, — — 108

pp: Vs = 1.8 TeV ,; and 1.96 TeV,, 1 iﬁ 3 Tevatron LI;{C :Eﬂ

. 10° - -
= LHC will be a top factory ni » 7 el
10 | i 2L
= Total cross section for t1- A i "
roduction ia about a factor of % '} o {10
00 larger at LHC than at L PRIy 110
Tevatron 0’ b 10§
0% | i 1102 °

> 07(1.80 TeV) = 5pb of /

» 0-(1.96TeV) =T7pb i :’,H,{Ejﬁ{,i] "

> 0.-(14.0 TeV) = 800 pb o

10 F M, = 500 GeV) 310

107 Dol — 107

01




tt production at Tevatron and LHC

V'S Uqﬁ—-tif;gﬁ
= s 1.8TeV 90%

> qq annihilation
1.96TeV 85%
14TeV 5%
V/E Jgg—:-tffgﬁ
_ 1.8TeV 10%

» Gluon fusion

1.96TeV 15%
14TeV 95%




Top Decays

» Decay: BR(t > W b) ~ 100%

e All-hadronic: 44%

o Lepton + jets: 30%
e Dilepton: 5%

ttbar Decay Modes

Oete Emu+mu Mtaut+tau Oe+mu He+tau
Omu+tau Wetjets Omu+jets Otautjets M[@all had




Single Top production at Tevatron and LHC

2
» W-boson and gluon NG TEWe / Tsingle t
fusion. It includes the 1.8TeV 60%
t-channel contribution 1.96TeV 65%
Dr Wg 14TEV T?%
)
b
g

V'S TEWE / Tsingle t

» Associated production >
of top quark and ey e

g
A
b t
5
W
H
t
Wb 1.96 TeV 5% b w
-boson, Wt 14TeV 20% i
t
5 ¢
t
>V3’Q<
: b

\.—"E ':'-E'l.."'u"s.,l’{':rs.inghr
» s-channel 1.8TeV 35%

production 1.96TeV 30%
14TeV 3% g




Top Physics results from Tevatron

= Tevatron CDF & DO at the moment are the unique
source of Top

record luminosity: & = 3.7 [110%? cm? st (goal: 1.6 — 2.7 [1103%?)

Initial Luminosity (x 10*° cm2s™)

350;— € —'.,_g

300 - E: 00
: 1 3 g

200 = 51500_ :
- -

C = o ;
1502— E § ._
- . : y 1 1000
50 i w * AT =
3 " I“-| R \'?". R R N N P A PR S R j
1%00 2000 3000 4000 5000 6000 7000

store number 500+ j :
: . 1 : 2002 =
Since April 2002 7.0 fb't were delivered ——

by the accelerator 0 50 100 150 200 250 300 ?)Saqr



Why Cross-section measurement?

Comparison with a theoretical calculations: SM test, probe of
the new production mechanism

N.Kidonakis and R. Vogt, arXiv:hep-ph/0805.3844, PRD 78,
074005(2008): NLO+NNLO soft gluon correction,

(0 727+076_085pb, m.|. - 1725 Gev

S.Moch and P.Uwer, arXive:hep-ph/0804.1476, PRD 78,
034003(2008): NNLO(approx), 0 = 7.45+030 ., pb, m,= 172.5 GeV

M. Cacciare, S. Froxione, M.M. Mangano, P. Nason and 6. Ridolfi,
arXiv:hep-ph/0804.2800, JHEP 09, 127(2008): NLO + next-to-
leading threshold logarithm correction, o = 7.14 076 .. pb,

m, = 172.5 GeV
Errors 07-10 %, depends how the scale uncertainty is defined
RunI, 2E = 1.80 TeV, L 0100 pb-1: 60/0 ~ 25%

Important background for the new phenomena and Higgs search

Allow to extract the top mass from the cross-section
dependence with a "clean” definition of a fop mass from the
theoretical point of view 10



Top-Antitop Cross Section

CDF Run Il Ppretiminary | _ July2008 D@ Run Il += preliminary May 2009
[ Cacciari et al., arXiv:0804.2800 (2008)  Assume m.=175 GeV/c2 —
Kidonakis & Vogt, arXiv:0805.3844 (2008) t
Moch & U Xiv:0807.2794 (2008 i i
MM Moc wer, arXiv ( ) |:J‘03t;i1dllepton, t+lepton (PRD) HeH 7.84 +8 i?, +g gi *084pp
& )
|+jets (b-tagged & topological, PRL)
Le(thilrr;l'rlei)cF 8.3+1.3+0.7+0.5 e 99ed & topologica H®H 7.42 +0.53 :0.46 +0.45 pb
O I+jets (neural network b-tagged, PRL) r-@-— 8.20 +g gg +8 g +8 ig pb
Lept0n+TracJ< Vertex tag 10.1+-1.84+1.140.6 1.0 fo"
(L=1.11fb ) i d:ﬁ?:fn (topological, PLB) | P 6.98 *1 1240784054 oy
Dilepton : } : l+track (b-tagged)* +16 +0.9
(=281 6.7+0.8+0.4+0.4 i —e—t+H 50 *1¢ 0% 103 pb
. L tau+lepton (b-tagged)* e | +1.34+1.20
Lepton+Jets; Kinematic ANN il 6.840.4+0.6+0 4 2.2 o 732 1 24-1.06 2045 PB
(L=28ft ) Sl 000 T T T T . )
tautjets (b-tagged) ' Py ' 5.1 *43 *07 05 b
....:./'|.._. 0.4 fi-! ! ! 1 35 o7 03P
Lepton+Jets; Vertex Tag 7.240.4+0 5+0 .4 alljets (b-tagged, PRD) | o L1 45 20 *14 04 pb
(L=2.71fb } 0.4 fb-' 18 11
' (stat) (syst) (lumi)
Lepton+Jets; Soft Electron Téﬁ 7.8+2 4+1.5+0.5 175Gy M M. Cacciari efal. JHEP 0809, 127 (2008)
(L=2.07 ) Miop = 119°5€ N. Kidonakis @ind R/ Vogt, PRD 78, 074005 (2008)
CTEQ6.6M
3 S. Moch and P. Uwer, PRD 78, 034003 (2008)
Lepton+Jets Soft Muon Tag 8.7+1.140.9+0.5 I AR B il B L
(=20 ‘ I 0 2 4 6 8 10 12
MET+Jets: Vertex Tag 0.8 o (pp — tf + b
THiots: Vo 6.1:1.2 +08+0.4 (pp = tt + X) [pb]
( )
® Most measurements are Countlng experlments:
All-hadronic: Vertex Tag 8.3+1.0+ +0 5
(L=1.01b") —1 e
/ns.wm [VObS — [Vb
‘CDF combingd 7.0+0.3+0.4+0.4 o(tt) =
(L=2.8fb )
(stat)t(syst)+(lumi) et{ * f L:dt
|| | | | | | | ||
0 2 4 6 8 10 12 14 Main job: background estimate 11
o(pp — tt) (pb)



Why Top quark mass measurement?

Top mass m, is fundamental
parame’rer'ofS’randar'dModel e

. 80.70 s experimental errors 68% CL: _
Electroweak mass corrections O - P —
m.? and In(m.) - ¥
t H - —— LEP2/Tevatron (816 :
8060 5. 1 -
T8’ 6m = 1.0 GeV, 8M,, = 20 MeV —
t H i : ¥ R Tiight gusY| ]
-—- —— m e —————— > 8050 MSSM|
E‘.lmw DCmtE ﬁmw-:::ln(mH} Eﬂ.dﬂ-' b : fi i ) -
Precision measurement of m,,  sosop ==
and m, give a constraints on "Sm 1SM
my _ s BT both models [T -
[ CO“S'STenCY 1'651' Of SM . : i Hyjnerne',.ler_ HnH:,JE“[or:Ringa_ Webi}r, Weiglain '{lHi
n New thS|CS? 16{]: 11651 ’1?[}' i r.-1?51 i |1EDL L L..IBE
m, [GeV]
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Top Mass measurement

Lepton

= Difficult measurement
Most information carried in quarks
= Can only measure jets resulting from quarks
= Jet-parton assignment
= QCD radiation

Jet energy scale (JES) uncertaintl
dominated (1B%) ’

b jet

= Can be reduced via in situ measurement from
hadronic W
= Mass measurement techniques o (g
Matrix element: from probabilities as cny CHREY . ... .
function of m, and JES from SM MEs, oL L

convolute wu'rh detector resolution
functions and integrate

Template: from templates as function of e

m, and JES from fully simulated events



Tevatron Top Mass combination .

Mass of the Top Quark (*Preliminary)

COF-1di 167.4 103+ 4.9
&

DO di-l 168.4 +12.3+ 3.6

: B |

CDF-di 171122729
= i

DO-1 dH 1747+29+24

_ —_—
CDF-1 1 17/6.1+51+53
) B [y

DO-1 1+ 180.1+39+ 3.6
. ) b

COF-Il 1+ 17210913
. ) L

DO-Il 1/3.7+08+16

] £

CDFl al 186.0+10.0+ 5.7
. ) -

CDF-ially 1748+1.7+19
x s

CDF-Itrk 17/53+6.2+3.0
x "."

Tevatron March’03

evlion aro 173120611

| | | | ¥2idof = 6.310.0 ﬁi@%}
|
150 160 170 180 190 200
M, (GeV/c?)

M; = 173.1 +0.6(stat)+1.1(syst)GeV/c?

= Combine using best measurement per channel,
per experiment: 0.75% uncertainty

= New electroweak fit incorporating new top
mass combination and W mass measurement:
m,<1636GeV/c? @95%CL

= Both experiments working to better
understand systematics

1 1 1 1 I 1 1
1 —LEPZ2 and Tevatron (prel.)
—LEP1 and 5LD
68% CL

" 200



Why measure Single Top?
i

Test of Standard Model
predictions:

= Does this process exist?
= Cross section 0|V, |?

= Test of the unitarity of the
CKM Matrix

Preparation of Higgs
searches

15



Single Top at Tevatron

t a q

= Electroweak production of single top quark™®
S-channel: oy ;= 1.98 + 0.21 pb
T-channel: o, = 0.88 + 0.07 pb

= Allows for
Direct probe of t-b vertex

Several BSM phenomena (W', charged =~ CDF Runll Preliminary, L=3 215"
Higgs, etc) ! ' | |
Similar final state as WH - Ivbb

4000 ...
L
o

ts

Iéven
=]

= Not as easy as top pair measurement
Large background with large systemati€s
= Makes counting experiment difficult S0k
Rely on multivariate techniques e 1

Oi000 |

Weljet Wae2jets Wa3jels Wedjets

- W



Tevatron Single Top result

CDF Preliminary Single Top Summary
For M, = 175 GeVic?

S-Channel .I_,_.
Llnlmq Function
s

Neural Najwork
aed)

Matrl Elamant
pat)

Likelihood, Function
pe)

Boosted Decision Tres
ﬂ#ﬁq:c

Combinatign (Lepion+Jets)
Ban)

MET+Jatg
i)

Single Top | Signal Significance CKM Matrix
Cross Section |Expsected  Observed Element Vi,

|Vin[>0.71 @95%CL
2.3,,5Pb >5.90 5.00 |Vis|=0.9120.13

. f=Bd )
£ 0 5
Single Top Production Cross Section (pb)

L0 2 Gullivan, Phipn Ras OO0 114017 (R00N)  BSNLO: RLdionail, Plys. Fle D7, THIOIE (2006)

Combinatipn {All Channals)
)
1

D@ 2.3 fb™ March 2009
Decision Treles )—L—( 3.74 L‘_E,'?S ph
Bayesian NI‘:IS —e— 470 :};2 ph
| Vin[>0.78 @95%CL
Matrix Elements 1o~ 430 930 po | [3.94+0.88 pb| 4.50 5.00 | "‘I’, 1=1.070.12
thi— 1. .

BLUE Combination B-e— 416 20.84 pb

BNN Combination Hlg—  3.94 083 pb

ooz s B Observation from both CDF and D!
1] 5 10
o (pp — th+X, tgb+X) [pb]




The next step at the Energy Frontier

Key question of particle physics:
Origin of mass/matter or origin of EWSB
Unification of forces
Fundamental symmetry of forces and matter
Unification of quantum physics and general reletivity
Dark matter/dark energy

How to get the experimental answers? There are two distinct and
complementary strategies for gaining new understanding of matter,
space and time at future particle accelerators

HIGH ENERGY

direct discovery of new phenomena i.e. accelerators operating at
the energy scale of the new particles

HIGH PRECISION

access to new physics at high energies through the precision
measurement of phenomena at lower scales

18



The Large Hadron Collider

POINT 5
cms g

RF

| |
S| Momentum ||
3 #] Cleanin g \

......

ls*beam in LHC Sep’rember 10, 2008
1st collision at 450+450 GeV expected end september

Incident (dipole connection) on Sept 19.
5 No collisions in 2008

s Remember everyone that LHC machine represents
challenge

O(100 pb-1) expected in 2009-2010 @ 10 TeV

POINT 6

Dump

19

a



Top quark production measurement

—Bef hep-ex 08041476
LHC: Gluonic production dominates| (it 1,96 TeV)=«NNO_ 7 5 + 0.5 pb Tevatron

q t 9000 yY——t {j(tt 14TeV)apprﬂx NNLO _ 883 s 45 pb
o(tt 10TeV)2rrexNNLO _ 401 + 25 pb

g (87% at LHC) |/

5 BT f = 1 tt/sec @ L=10%
< , Cross section LHC = 100 x Tevatron
Background LHC = 10 x Tevatron
800 ot FermiLan) R Use of b-tagging not essential to establish
; ; ttbar signal at LHC
LHC Single top production ~250po ~10pb
o(t, 14 TeV) = 320 pb el X I "'
dominated by t-channel E if >‘“}{~;“<
b Lt g B q b
t-channel s-channel

Tevatron: 5¢ discovery this year:

DO (arXiv:0903.0850) 7 t
CDF (arXiv:0903.0885) IW-channel M ~60 pb
oft, 1.96 TeV) =3.9+ 0.9 pb w M e, "




Top Rediscovery

* {tbar production measurement at 10 and 14 TeV_ 14 TeV, 100 pb e +1: S/B= 0.4

, « Stat Uncertainty on xsec: 11%
« 10 TeV, 20pb'muon+jets: S: 390 events. y

: 2 CCMS preliminary. ! C | signal ic
S/B=2.0 BDT analysis, data driven E = cﬁﬂs.mprfé.mp.ua-uuq B other
estimation of the QCD. 5 ok —~Eripiod
g E
Ac/o = 9% oy £22% g o 1 10%, 0 = s
ahe
L+jets: 3“5‘
TMVA BDT analysis 20f-
1 isolated muon from the 10f- |
":'1: 200 400 m -_ - 12
scalar sum of p. of jets, leptons and MET # &V
CMS-PAS-TOP-09-010

CMS
prehmmary‘\, +
401 _.

Normalized

20




Lepton+jets events:

Mumber of events / 10.0 GeaV

Top pair cross section measurement

W CANDIDA\{
\1 '\"'

|
LepTon Tr‘igger‘ Pt 20 GeV TOP CANDIDA
4 jets pp206GeV, 3 jets p>406eV
MET > 20 GeV
Top = 3 jets giving Highest Pt sum
No btag

Default selection S/B~2.3, eff~24% With W constraint S/B~3.5

SR IR L B LI IS I I I IR T I I R IS LR IR
30E" (a) 94 = 2 o ]
ﬂﬂﬂf— I:I'ITbar {muon) _f g 2{]{}: I:ITTbar (muon) _
25(]5_ |:| TThar (mucn comb.) _E E B |:| TThar (muon comb.)
- ] — C ]
C Background - @ 150 Background —
200 [ JBacks = £ 1oL [ ]Backg -
r — Q»

- ] = - _
150 34 2 100 3
r . o : :
100" ATLAS 2 5{1:— ATLAS
50 — % C N
- T £ .

= AN T T T T T T T N T T T I A 3 11 [T T T T T o I
%G 100 150 200 250 300 350 400 450 500 %D 100 150 200 250 300 350 400 450 500
M; [GeV] M, [GeV]

Top contribution visible even with 10 pb-1 22



= Likelihood fit
Gaussian+chebychev bkg

m—— T T T T T u
. . 250— -]
Extract X-sec by scaling with eff 3 **F ]
o - .
O 200 Muons 508 Top evts —]
S 100pb-1 .
° ; __ __
= Counting Method 2 1s0f .
> B _
T ©) C 7]
o - 'sig Nobs — kag w5 100 gl ATLAS
L xe ¥ xe g N ]
g 90 .
. 3 [ . 3 — —
Sensitive to bkg normalisation, 2 | | | T .
. o 1 1 1 1 1 1 1 1 1 1 1 1
number of jets, JES, shape 100 150 200 250 300 350
0T 7
] - 7
Likelihood fit Counting method (elec) e 18; (b) a
Source Electron | Muon | Default W const. _§ 16 D Background (nominal) __—— =0
(%0) (%) (%) (%) c 14 emm.
- Back dx2) _— ...~
Statistical 10.5 8.0 2.7 3.5 % 12 - ackground () _—7..
Lepton ID efficiency 1.0 1.0 1.0 1.0 :8 10 =
Lepton trigger efficiency 1.0 1.0 1.0 1.0 D = =
50% more W+jets 1.0 0.6 14.7 9.5 < = 3
o Vi L 6 =
20% more W +jets 0.3 0.3 5.9 3.8 = ATLAS 1
Jet Energy Scale (5%) 2.3 0.9 13.3 9.7 A =
PDFs 2.5 2.2 2.3 2.5 2l =
ISR/FSR 8.9 8.9 10.6 8.9 A R R R RN A EPREN AN R A
Shape of fit function 14.0 10.4 B B 00 20 40 60 80 100 120 140 160 180 200

Integrated luminosity [pb™]

Likelihood method: Ac/c = (7(stat) £ 15(syst) +3(pdf) £ 5(lumi))%

Counting method: Ao /o = (3(stat) & 16(syst) +3(pdf) £ 5(lumi))% 23



Top mass measurement with 1 fb-!

The lepton+jets is the golden channel:
one W decays leptonically (Ie,u) and the
other W decays hadronically

Clean trigger from the isolated lepton

The reconstruction starts with the W
mass:

JES using the W

Important to tag the b-jets:
Reduces the background
Clean top quark samples

Main background comes from W + Jets
events

S/B=10

24



Hadronic Top reconstruction

= Find first the W jets
Closest jets

50% of the events have
more than 2 light jets

= Then theb jet in T-»Wb

Closest b jet from W

The final efficiency of 3 F
reconstruction with respect to 0% ATLAS E )
I(e,u)+jets events is 2.22+0.03% F400f — P

with a top purity of 40.2+0.8% mﬂf
For a generated mass of 175 zm'
GeV we reconstruct: :
M,,,= 175.0 £0.2 GeV B
Mr=11.6+0.2 GeV 0™"E0 100 150 200 250 300 350 400

My [GeV]



Uncertainties on Top mass measurement

= Statistical uncertainty

Estimated for 1fb! using a bootstrap resampling technique

O(Mtop)giqr < 0.4 GeV

= Systematics uncertainties

Dominant uncertainty after a few fb-! of data

Main contribution to syst are JES & JES,

O(Mtop),,et~ 1 (3.5) GeV if JES accuracy is 1 (5)%

Light JES 0.2 /%

b jet scale (1%) 0.7 /%

ISR/FSR <0.3

b quark fragmentation <0.1

background negligible

method 0;1-0.2
TOTAL 0.8

1fb-1

26



events

Single Top at LHC: t-channel

CMS-PAS-TOP-09-005

CMS Preliminary

L = 200 pb”

30

20}

10F

[l eco
0-1 - I-D.5 | Iﬂl - ID.EI I I®*1
CMS: 10 TeV 200 pb' €os i
ﬁ SR A Sl L L R [TTTI [T rITTTT 7]
£ a0~ ATLAS 3
L -+ t.channel =
160 W Wi-channal -
I B s-channel
140 =ti =
H= Whb
120: B Wiets
100 .
i BDT > 0.6-
60~
40 =
L TR P o -"='-- il Nt
{}] 50 100 1850 200 250 300 350 400

Leptonic Top M (GeV)

. 10 TeV 200 pb-!

likelihood fit of the cosf™ ..
distribution in the top rest frame

Ao/ 0=35%(stat)+14%(syst)£10%(lumi)

: cut-based analysis
(baseline), and multivariate (BDT)

1 fbt:

Ao/o = 5.7% (stat)+22%(syst)
AV, /Vy, =£11%(stat+syst)+47%(theory)

27



= s-channel: very low cross section.
Could be mediated by new physiscs e st

g

Number of events in 1 fb F 0.1

Single Top at LHC: s-channel and tW channel

g

£

8

g

g

(Hz)

. likelihood analysis
50% uncert at 10 fb-!
30 evidence at 30 fb!

ATL-PHYS-PUB-2009-001

L LA LI RSB R I I
ATLAS Preliminary ]
== Signal B
ETop pair
e Diboson
R ClZ+jets |

rrrrr

.......
(X R
xxxxxx

W KW
<<<<<<
aaaaa

......... —

0 -08 -06 -04 02 -O.t] 02 04 0B 04 10
BOT Cutput

tt discriminant e-u channel

SLRRE LURANAHRS REES HRSNARERAN LML E RN IR [T
140— ATLAS—
a) Likelihood W* vs t-1+jets

MNumber of events in =1’

e-u combined -

—_—
=2
; =

B Wechannel
B channel
| ti— |+]ets (=)

| S

B i b/ orets
[ Wb l+jats (l=ay)
Wii— ltjets (=
|

[o+]
T T

Number of events
-

% 01 02 03 04 05 06 07 08 09 |
likelihood

= tW channel (associated W prod):
signature similar to t+ but with one
less b-jet

. cut based analysis and
boosted decision tree

Expected results for 1fb-1

lepton+jets channel: 48% uncert. (BDT
analysis%

di-leptons channel: 34% uncert. (BD T4
analysis)



Lepton Colliders ‘versus’ Hadron Colliders

Electron-positron collisions and proton-proton collisions at high energy
provide powerful and complementary tools to explore TeV-scale physics
("Terascale"-Physics)

collisions of point-like = collisions of composite

particles particles

Initial states: electroweak = Initial states: strong

Intferaction intferaction

Moderate background = Underline events

Vs = tunable but restricted = Vs = higher reach
PRECISION DISCOVERY

29



Baseline Machine

«  (Vs),..= 500 GeV but can operate at at any Vs in the o W
range 200-500 GeV 6 GeV (3) i
« 500 fb" in first 4 years of running ol g BT

&0, 150, 250 GeY -~
-

__.-"
-

. B L. 2 GeV (5) 5
Possibility of energy scans at any Vs in whole energy @ A i
e T\ | /e

T . ; B ! /
»  Possibility to go down to Z peak for calibration iR PR
« Beam energy precision <0.1% ; g
. AF
«  P(e)280% in whole energy range ; / m;ﬂurnp Bk
«  Z2interaction regions \ /
Lo Erear gy :
§ km IR [G6-500 Gely High Enargy IR
_..' | (250 Gev to mulli-Tey|
Upgrade A
; | ki
v (VS),~ 1 TeV Ve o
' pous
« 1000 fb! in ~3-4 years :
Fiositron hain Lirac
240480 Gel {X)
- &
Options | saaver 4,
« Additional 500 fb" at vs = 500 GeV in 2 years b
: Ring {UKF) (27
+  P(e")z50% in whole energy range rgciorSystom " ”F’{-‘?F_',"”.
: i ar 1.5 Te 136 MeW (L} !' |

*  Low energy running (vs = m, and 2m,,) Chpsine @

with L~10% cm-2s™ Pre-Linac :

& GaV [5) e

SRR\ X
~100m __; 0.6 GeV (X

+ ee collisions
\- e~y and yy collisions




Top production in e*e” Collisions

108 —————r——————— 10p pair production via y/Z exchange dominates
w? | [ et *,f“:vm_i LT I I I I T
. : i \ - _.: i Born -----------
= r ! \"‘QTN'\"\. n i +EW corr. ————-
\ ., i,
l""--.. | L i e
10 Wi [
. I- o S E Jr‘lr:r ’ B
L . &L ‘pb :
10 ; =
5 e*e T
10 }“—
10% S I
10 1
e .1 | | | | |
400 =00 GO0 J00 S0 900 1000
1 atyW 2 4,,‘('-?;" GeV
/9 A= 2 6,.010.6pb at Vs = 500 GeV
500 1000
Ve (GeV)

— 200k events/year (L = 2x1034cm-2s1)
The anticipated experimental accurancy must be

matched with precise theoretical predictions
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Top Pair Production at Threshold

section

Smearing of the partonic cross
1|: : ]
[ | — default \ ]
08— — +heam spread _— ]
[ | — +beamsirahiung 1 1
0 E: — +ISR . _ :
0.4 /'ﬂ .
naf ]
N 77 ]
n: "'-'_-ﬂ-:ﬁ -
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= Lineshape significantly distorted due to:

Beam energy spread: ~ 0.1%

Breamstrahlung: coherent radiation due to
beam-beam interactions. Must be
measured precisely

Breamsstrahlung(ISR): can be calculated
accurately

Perform scan in Vs around the threshold

region and compare measurement of
various observables to theoretical
predictions as a function of model
parameters
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Top quark Mass & Width

Simultaneous determination of m; a and I, from fit to threshold
observables. Assume 3% theoretical error on o,; and 9+1 point scan

with 30 fb1/point:

Am.(1S) = 19 MeV, Aa=0.0012, AT,=32 Mev

_ £ .
> count number of ¢t events % , [ 30 fb-1/point
> color singlet state
> background is non-resonant )

> physics well understood

(renormalons, summations) Am... =100 MeV
top™

| L M L L | . i L "
Aty A48 AS0 Sz

Vs (Gel)



Top Yukawa coupling

= The top-Higgs Yukawa coupling is the largest coupling of the Higgs
boson to fermions (g;;,~0.7 vs g,,;~0.02). Precise measurement

important since the top quark is the only "natural” fermion from the
EWSB standpoint

E_ ,_:rl,* \ Z* - -\.-tl (_:r_*? Z* Z-* Z*
{:-‘l'(:-_ — _!L?TH = e ™
et t >

e tiny cross section for /s = 500 GeV

e measurement of Yukawa coupling diffi cult

o OY:i/Y: ~ 30% feasible at \/s = 500 GeV
[A. Juste, 2002]

LHC:

Expected accuracy is ~12-15%, with mH=120-200 GeV and L=3094fb-1



Top-Gluon coupling

= The g-t-1 coupling can be affected R R BN A
by strong dipole moments related to =uliGev
New Physics:

b= gt (J}'“ | &ng'r“ B m”r‘ﬁf“}”) tGh

r_”‘il.-t

1. gy dor de

CP-conserving CP-violating

hep-ph/9605361
I

Sl A I L i
- s = 500 GeV o : i

— | P I.l ||-
UB:_ 5{] fb : c ZLH/,\/E | L1 | L1 |

iﬂ_allllllllllllll
1] .l 0E 0.3 04 0.5

06 ~95% allowed
region

100
" /1 = Oneof the observables in e+e-
- collisions is the energy spectrum of

0.4 —
| _ extra jets radiated off the top
0.2 — — qUClr'k
00 1 _'n,'m' ' 'Lu,{,;' B : e 'E.J;E LHC will be sensitive to values ~ 0.1 35



Top Coupling to Weak Gauge Bosons (W,Z,Y)

Since the W and Z bosons acquire mass as a result of the EWSB mechanism, in
which the top quark could possibly play a key role, the precise measurement of the
top quark interactions to weak gauge bosons is extremely interesting. The use of

polarized beam is an extremely powerful tool for this task.

= Within the SM, the W-t-b interaction is of the V-A type. The LHC will have
probed a V+A interaction to the percent level. The ILC can in addition explore

tensor-like couplings to the 5-10% level via:

the measurement of asymmetries
in top quark pair production

fER

05

1

hep-ph/0001048
N B

-----
e,

oA
o B s
\‘I-

100

=500 GeV

L | |-l 1 1 L
-0.2 0

[ |
=
Y

the single top quark production

e e’ 500 Gev

0.3

02 | 100 fb! :
0.1 - \‘
0 f_
—0.1 f ;
5 500 fot
-0.2 ]
—-0.5 :

'20.3-02-01 0 0.1 0.2 0.3
flz

= The e+e-Z/y*->tt process is very sensitive to Z/y-t-t couplings. In order to
increase the sensitivity the use of beam polarization is crucial.
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In Conclusions ...

s From Tevatron:

Single top observation+direct
measurement of Vib

Precion measurement: top mass with
0.75% uncertainty and general agreement
with SM

= Elucidation of the dynamics responsible for EWSB
constitues the main goal for particle physics research
in the next 20 years

The LHC will be probing the relevant energy scale and
should definitelly discover signs of the EWSB dynamics.

The ILC will complement the LHC by providing essential
information to interpret and exploit these discoveries.

In particular, the ILC shows the promise of precision
measurements in top and QCD which will be crucial to
point to the relevant energy scales and to possible
extensions of the Standard Model
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