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ff  “Thisis the top quark.”
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f f Contents
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f‘f Of course the fop had been found before. ..

IT 15 LIKELY THAT m, € my

8
F. Halzen y

CEEN = Geneva

Phys. Lett. B 182, 388 (1986)

ABDSIRALT

Within thre stendard wodel wich three peneratinons,
the expsrimental data on the rvate of W versus 2
AVENLA in pp collisions Eavour m, € my. The bound
is shaurpenesd for > 3. We discoss the virCwes as
well as the shortcominges tn the procedure to
determine ChHé C-guark mass from such d=ta,
Newrrines experiments sensitive Lo wlx)fdix’
gtructure funcfion racics <an nelp.
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f'f The real evidence. .. (1995)

werE MEw VORK TIMES NATIONAL Friosr aaw 28,

Elusive Particle Found The Top Quark: What is it?
By Scientists in [1iN0is | muewmeumsmem v e e

=i Fm s Ay 1

(el

THE WEVFF OF WTOME ST o] i [Fndip

e T o bk i T

¥i bwling
erz ok b w
-k

Forging a link
between the
physical and the
tnetaphysical,

v e of Lhe DO
Liwm i jodlesy Lhexd his groop, wikich
e e 18 oo vl

Tals Madeirr. o

parnd w1k all
TR e i b 1k

o T e

Trying to
understand the
fundamentals of
the universe.

g5 1 Berie &)

na s B G
1 [ Jidin Mo

Zack Sullivan, Southern Methodist University — p.5/34



f'f Why sftudy the top-quark mass?

Answer: Electroweak (EW) precision physics

EW radiative corrections depend on the top-quark mass (m.).
Using the value measured at the Fermilab Tevatron, EW precision fits
constrain the Higgs boson mass M.

Both the top quark and Higgs contribute at 1-loop to the W/Z propagtors.
t t
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Assuming «, Gr, and Mz as inputs, M3, at 1-loop is:
T 1

M2
i V2G Esin? Oy 1 — Ar(my, my)

where Ar(my, my) ~ cym? = cg In(Mz /M%) + - - -
Inverting the formula provides a logarithmic confraint on M.

Higgs searchers puft it differently: the top quark provides a large
correction to the Higgs self-energy.

i Zack Sullivan, Southern Methodist University — p.6/34



fT Constraints on Higgs mass from W and t

Mg is logarithmically sensitive to variations of My, and m;.
806 —mr—————7—+———

1 —LEP1, SLD Data

| - LEP2, pp Data

80.597 68%CL

End of Run |
my = 174.3 £ 5.1 GeV (3%)
(Better than EW precision)

Early Summer 2005
" m, = 178.0 + 4.3 GeV (fishy)
. 1Go - Late Summer 2005
g0.2 1 114/30071000/ __ Prelimina m; = 172.7 4+ 2.9 GeV
130 150 170 190 210
m, [GeV] — ]
| —LEP1 and SLD
Top-Quark Mass [GeV] 80.5 -~ LEP2 and Tevatron (prel.)
68% CL
CDF 1704422 — Winter 2007
DO 1720424 @& ] m; = 170.9 + 1.8 GeV
Average Z/D:Fzg-/?oi 1.8 E; (SOme as the first
tt event...)
LEP1/SLD 1726 7 {55
80.3 Tevatron ENWWG
LEP1/SLD/m,/T, 1789 " ,
I S 150 175 200
140 160 180 200
m, [GeV] m, [GeV] Zack Sullivan, Southern Methodist University — p.7/34



= famous "blue-band” plofs
I'T Much ado about nothing

6 6 ] My I= 144 GeV
| Aocgd= | Ao‘gd=
S — 0.02758+0.00035 B S — 0.02758+0.00035 B
T ---=0.02749+0.00012 T === 0.027491+0.00012 A .
4 - +++ incl. low Q° data - 4 - +=+ incl. low Q° data -
g 3] i g 3] il
2 - 2 -
14 - 1- ‘ -
0 | Exgluldeldl N _ 0 | Exclludled | ,“ 75 Prelilminary_
30 100 500 30 100 300
my [GeV] my, [GeV]
Early summer 2005, Winter 2007,
Higgs searchers euphoric: Higgs searchers euphoric:
"Higgs on the verge of discovery” "Higgs on the verge of exclusion”
67 33
My < 251 GeV(95%) My < 144 — 187 GeV(95%)

1. These plots are only valid in the SM.,
2. Shiff was less than 1o. Zack Sullivan, Southern Methodist University — p.8/34



f'f' How well do we need fo know m;?

There is a better woy to look at this in the SM.,

02325 |||||||| I ||||||||| I |||||||||||||||||| III

L -
L Y
0.2322 i Dy

0.2320 —

20 lept
sin eeﬁ

0.2318 —

0.2315 - 68% CL:
- \

L LEP2/Tevatrn
[ — LHC

SM (m, = 120 200 GeV)

%, m =172.3...176.3 GeV
Cs, t

Am, =0.2 GeV

o F 8(ac) =

0'231% IIIIIIIIIIIIIIIII I IIIIIIIII I IIIIIIIII I 11 |

80.25 80 30 80.35

M, [GeV]

Beneke et al., hep-ph/0003033

e Assume My is known.

My will be measured to ~ 20 MeV
= Need m; to ~ 3 GeV.
(We already know it to 1.8 GeV.)

* A linear collider can measure My,
fo ~ 6 MeV.

Giga-Z can measure sin® fyy ~ 107°
= Need m; tTo ~ 1 GeV.

The bottom line: We have already saturated the informmatfion we can
extract about a SM Higgs from top-quark measurements given any

near-term collider (i.e., LHO).

My personal opinion: These indirect constraints are fun, buf cannot be
taken too seriously. Direct measurements will be made soon that will show

us what Nature does.

Zack Sullivan, Southern Methodist University — p.9/34



ff' How well do we want fo know m;?

Most excitement about Higgs production has nothing to do with the SM.

135

Models of new physics predict different :
sensifivity to the top-quark mass.

SUSY Higgs masses are VERY sensitive to ~
the top-quark mass $ wl Y
—9 3 / eory prediction form,_ |
AME ~ —SGFmE (T ) mEEme™
V2n2sin? 8\ mj wf  mamooice
* Experimental error from LHC may reach N AT
~ 200 MeV (using rare decays) TR e T

400 [TTT'[TT[TT'TTTTTTTTTT
I

* My ~ dmy, SO we will want i
5mt ~ 100 |\/|eV 300}

Warning: 4-loop corrections are {

|
|
|
|
|
|
I
|
|
I
|
\
I
|
|

comparable in size. & ol
, , £ I !
This needs major effort
If a smaller error in m; is achieved, we gain = ===
indirect access 1o My, Ay, my /o, €tC.

m, , [GeV]
Zack Sullivan, Southern Methodist University — p.10/34



T My vs. m, for MSSM Higgs

80.70

80.60

80.50

M,, [GeV]

experimental errors 68% CL.:

LEP2/Tev (M, =80.398 + 0.025 GeV, m, = 170.9 + 1.8 GeV.

Tev/LHC (M, = 15 MeV, 5m, = 1.0 GeV)

80.30 | >

80.20 f

160

MSSM
both models E
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| | |
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165

"SUSY Higgs is favored”

80.70

80.60

80.50

M,y [GeV]

80.30

80.20

experimental errors: LEP2/Tevatron (today)

68% CL
— 95%CL
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160
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No one tends o show this plot.

It is clear that whatever physics explains electroweak symmeftry
breaking, there is atf least an effective inferaction whose mass scale is low.
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f'f How do we gef fo accurate fop-quark mass?

levatron O b ass oty
* Run lla (2fbo~") predicted reach of £3 GeV  °: R
Already at £1.8 GeV (comb.) with 1 fo-!. 3 P
» Expected a systematic brick wall at £2 GeV. = .y
So far, things are scaling like luminosity. g | o w
« One major improvement: 3] Pnmeen R
Kinematic fits to My, were used e mbrovarms)
A better choice assigns each eventa |7 e
probability that is a function of m,. 10° 10° 10°
Integrated Luminosity (pb'1)
% J v
* Several channels can reach < 1 GeV (stat.) JAW o yytL (@)
» To reach systematics < 1 GeV use: %” b
My we, W/ template for m;. (~ 300 fo=*) W AT

Linear collider

 Strive for ém; ~ 100 — 200 MeV.
Requires a scan of ¢t threshold (understanding threshold is key)

To reach any of these accuracies requires befter understanding of
tt production & kinematics, and backgrounds.

Zack Sullivan, Southern Methodist University — p.12/34



f'f' Residual errors in the fop-quark mass

The dominant errors at the Tevatron are now entirely due fo modelling.

Systematic uncertainties (GeV/c2)
JES residual 0.42
Initial state radiation 0.72
Final state radiation 0.76
Generator 0.19
Background composition and modeling 0.21
Parton distribution functions 0.12
b-JES 0.60
b-tagging 0.31
Monte Carlo statistics 0.04
Lepton pT 0.22
Multiple Interactions 0.05
Total 1.36

One reducible uncertainty comes from modelling of the b jet, and its
energy scale. This will improve with additional data.

A recent study of QCD color-reconnection in showering may indicate
larger than expected showering ambiguities ~ 1.5 GeV. Significant

comparisons with data are required before this will be resolved.
Skands, Wicke, hep-ph/0703081

Zack Sullivan, Southern Methodist University — p.13/34



ﬁ-' Top-quark pair (tt) production

q@—>tf

Leading contribution at 1 t
000001
Tevatron 7 -
Tev (Runll) 85%
LHC 10%

99 — tt 8 [ §6660y——1 8- QG_’_t
Leading contribution at LHC %}amm< \ o

99 - _ - @Q o _
Tev (Runll)  15% g~ [ grocse——1 g
LHC 90%

At the Tevatron, tt is produced close the the kinematic threshold s ~ 4m?,
SO x ~ 0.2, At LHC z ~ 0.02.

A few dozen reconstructed tt pairs in Run | of the Tevatron was enough
for discovery.

At Run |l there are already hundreds.
At LHC there will be about 1 pair/second produced!

Zack Sullivan, Southern Methodist University — p.14/34




f f NLO calculations

e The production rate of tt is a sensitive probe of strong interactions.

* ¢ production is already becoming a precision measurement.,

= Very precise theory is required tfo understand the dynamics and
match the experimental precision that will be available.

|
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Complete NLO calculations exist for total and differential cross sections.

Nason, Dawson, Ellis, NPB 303, 607 (88), NPB 327, 49 (89);
Beenakker, Kuijf, van Neerven, Smith, PRD 40, 54 (89);

plus Meng, Schuler, NPB 351, 507 (91)
But this is not enough at the Tevatron. ..
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ﬁ-' Large threshold corrections in tt

The top-quark decays before the bound state forms. However,
pseudo-bound states of ¢t near threshold (5 = 4m?) cause large
logarithmic enhancements to the cross section.

Schematically, the tt NLO cross section is

2 sy ()]} p=

NLO/, 2 9 (1) | o
O_’Lj (mt , ,LL) = m% {C’L] -+ 47'('043 (ILL) ms; S

Near threshold, the LO cross section vanishes:

ng(p) ~ CZ;P{]\C;CFT(/B g 0; cgg(p) S N(g}i 1(C'F — Ca/2)mp3 =00
At NLO there are soff and collinear singularities:
chalp) = 4; caq(p) | (Cr = OA/z)% +2Cp In*(86%) — (8Cr + Ca) 1n(8ﬂ2)]
ch0) =2 30 | e T acams) - O 2 s
eha(p) 20 (o) [~20r W(48?) + Ty m3)
y(0) 0 e (0) [20AIn(45) + Ty(u? /m)

Zack Sullivan, Southern Methodist University — p.16/34



7" f Threshold resummation

Threshold logarithms can be resummed via exponentiation, similar to
the case of Drell-Yan (DY) or ete™ —jets.

Challenges are IS/FS interference, scale difference between m; and v;.

Historically, logs are resummed in moment space (Mellin-fransform space)
The cross section for the N-th moment under a Mellin-transform is:

1
on(m;) = /O dpp" o (p,mi)

The threshold region corresponds to the lim N — oo, which leads to
threshold corrections of the form:

o0 2n
1+ Zo/'; Z Cpom I N]
n=1 m=1
In Drell-Yan, this sTrucTure exponentiaftes to a radiafive form factor A py w:

n+1
ZALHQN(QS) — exXp jg:: 2{:(;nnzh1 Pf]

= exp_gDYozsln N+g%%o¢slnN+g()a 1nN+---}

TV TV

LL NLL NNLL
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f' 7" Realization of threshold resummation in tt

Generalizing Drell-Yan-like resummation to ¢t requires:
— Dealing with soft-gluons from IS, FS, and IS/FS interference.
— Dedling with gg color octet states.

The solution is To recast the cross section for moment N in the form:

oy =Y M, AN MijuN
1,J
where the sum on I, J is over all color states, [A;; n]r,7 is The radiation
form factor, and M are maftrices in color space.

The advantage is that it describes a formal expansion of the logarithms
that can be improved to NNLL, NNNLL, NNNNLL, (and then you collapse)

Formalism: Kidonakis, Sterman, PLB 387, 867 (96)

. Bonciani, Catani, Mangano, Nason, NPB 529, 424 (98)
Implementation: Kidonakis, Vogt, PRD 68, 114014 (03)
Cacciari, Frixione, Mangano, Nason, JHEP 04, 68 (04)

Prior to this formalism there were 2 competing calculations that
performed the integrations by truncating the moments. This was
mathematically inconsistent, but gave reasonable numerical results.

May we never go back. . .
Berger, Contapaganos, PRD 54, 2085 (96)
Catani, Mangano, Nason, Trentadue, NPB 478, 273 (96)

Zack Sullivan, Southern Methodist University — p.18/34



f 7" Nomenclature and uncertainties

Bad nomenclature
"NNLO-NNNLL"

This is horrible nomenclature.

This is really NLO+the Sudakov-like re-

[ I

10p T~

o(pp — tt) (pb)

» N
T T

summation we saw above, where the | - ey o

. 2 -.-=:=.= Kidonakis,Vogt PIM PRD 68 114014 (20
exponent is re-expanded to NNNLL. vown
There is nothing NNLO about it. o iez Ter o8 e 10 178 L R TR

Unusual uncertainties

NLO scale uncertainty of £10% — +5% w/ NLL correction
Including PDF uncertainty, — +15% at Tevatron

There is an addifional uncertainty due to expansion kinematics:
* 1 particle inclusive (1P): s = (p, + pg)*

* Pair invariant mass (PIM): s = M2 = (p; + p;)*
o +1PI/PIM+scale+ PDF LHC IS not dominated by

threshold kinematics:
Runl 5.24+ 0.31 + 0.2 £0.6pb

R 16.77 0.42 01 07 b0:825j:50j:100j:90pb.
untio./7= 04z = 0.1 700 ¢ NNLO is needed!

Zack Sullivan, Southern Methodist University — p.19/34



[evatron dafa

T 1T 1T 1T T T 1T
[ cacciari et al. JHEP 0404: 06!! (2004) ‘ AssumL m=175 e‘V/c2
2] Kidonakis,Vogt PRD 68 114014 (2003) CDF Pre||m|nary

3 7 ——l——
Lepton+Track 2222% + 4 +
LeptonsTrag | 9.0+1.310.5:0.5
77
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MET-+Jets: Vertex Tag %é/% 6.141.2+ +1 4+0 4
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VA
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Co e b P P PPN
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S(pp — tt) (pb)
D@ Run Il -+ = preliminary Winter 2007
dilepton/l+jets (topol 1) +1.2 +1.4
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dilepton* (topological) +1.2 +0.9
1050 pb-' I HE=0—H 6.8 11 s PP
*
It;;;::;imu (combined) 8.6 »: 3 +:: pb
tautjets* (b-tagged) +4.3 +0.7
350 pb-"' e — 541 3.5 0.7 pb
alljets (b-tagged) +2.0 +1.4
410 pb™! e H—e——H 45 1.9 1.1 pb
I+jets (b-tagged) +0.9 +0.0
420 pb™! = 66 50 00 PP
I+jets* (p-tagged) +2.0 +0.0
420 p — — 73 18 00 PP
I+jets* (NN b-tagged) +0.6 +0.9
910 pb-"' o+ 8.3 o5 10 PP
I+jets* (topol. 1) +0.9 +0.7
910 pb-"' oo HTO—H 63 05 07 PP
M =175 GeV Kidonakis and Vogt, PRD 68, 114014 (2003)
o M Cacciari et ally JHEP 0404, 068 (2004)
I B B |
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o (pp —* tt) [pb]
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o
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~
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(=3
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©
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CDF Run 1

- Combined 110 pb’ Combined 760 pb

Y
o
I

- [ ] cacciari et al. JHEP 0404:068 (2004) m=175 GeV/c®

CDF Run 2 Prellmlnary

1800 1850 1900 1950

Great agreement so far!

Lighter top-quark mass preferred.

Experiment will be better
than theory soon.

Zack Sullivan, Southern Methodist University — p.20/34
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ff i threshold at a linear collider (LC)

There is a subtle question when you try to R ———
make a precision measurement of QCD: /\ e =
What mass do you use? / ————
The pole mass is not defined beyond Aqep. .. Ve ]

In fact it is not well-defined at all, since -

there are no free quarks.
Yakovlev GrooTe PRDéB 074012(01)

Solution: Use the 1S mass (pseudo bound state) .
There are large non-relativisitic corrections o
e oY (2) ]
" v S (as Inw) ol o
y LO(1) + NLO(as,v) + NNLO(a?, azv, v?) aE®
LL + NLL + NNLL i
Normalization changes, but peak stable. LL NLL .NNLL |
doz IS £6% before ISR/beamstrahlung AT o o ETRER
s(GeV)
om: ~ 100 MeV is aftfainable Hoang, hep-ph/0310301

Zack Sullivan, Southern Methodist University — p.21/34



ﬁ-' Looking for Z' resonances

Nearly any model you write down that has an extended gauge structure
(U(1), SU2), etc.), KK modes of the Z or gluon, axigluons, top color, etfc.
will produce a new neutral current, generically called a Z’.

If you couple to qguarks, you have the possibility of resonant production
and decay o top pairs at a hadron collider.

|Upper Limit on Resonant tt Production at CDF |

| Total Invariant Mass of the tt System | 4r 2
0 E 1 CDF Run Il Preliminary L=955 pb-1
- - - - P
€ CDF Run Il Preliminary, L=955 pb 3.5¢ — A TR
u>_| L — C ——e—— Observed Limit at 95% C.L.
w .g- 3 DCIEIEIEIE RS KK gluon (I" = 0.17M)
o 10 E ~ C sensnun  Topeolor Leptophobic Z'
,_ E - e (A RN TITTTITT SMZ k=13
@ T 25 %
o N s
o)
g | e F
= = o 2=
E B
- 15—
1 ] -
10° e C
[ |
: [«
102 0.5~ T, T
300 500 600 700 800 900

Mass of tt Resonance (Gew‘cz)

* All of limits are for models with enhanced coupling and narrow width.
* There is no direct reach for a SM-like Z’ right now.
e Mz < 720 GeV leptophobic, KK limit not strictly applicable.

Zack Sullivan, Southern Methodist University — p.22/34



ff Top-quark Yukawa coupling v

The top quark mass is generated as the coupling strength between the
top quark and HIiggs Lyukawa = —y:ttH.

- \/§mt
246 GeV

We want to measure y,; directly to 1% to confirm its relafionship with the
fop-gquark mass.

=Yt = 0.98 = 0.01

* Higgs exchange at threshold is too weak.

8 766G "
e Gluon-gluon fusion is indirect a>+H
(and may be subject to interference effects) g ooee 1

e ttH associated production allows direct determination

q t g~ t
7 __h 0\0\0}\

qqq 9@0@’0 L, _.h

_ ) \9@ ]

q t g t

& GOt & e —— & e ——

A
\\s h

---------

¢ OO 1 ¢ O 1 ¢ TOTT—<— 1

We WI” See The reOCh IS “mITed CIT LHC ord LC Zack Sullivan, Southern Methodist University — p.23/34



It i1 of LHC

Extracting y; from ttH requires an
accurate prediction for the measured
Cross section.

Fortunately, there are 2 fully differential
NLO calculations performed in different
ways — they agree

Beenakker et al, NPB 653, 151 (03)

Dawson et al, PRD 68, 034022 (03)

Unfortfunately, uncertainties are large

(~20%):
w: +15%, PDF: £6%, my : £7%

Combining H — bband H — WW at LHC
= Jy; ~ £10% at best

Let’s look atf this more closely. . .

Vs=14 TeV -
CTEQ5 PDF’s

—
Ke)
o=
et
o
]
=z
(e}
par]
©

140 160
M, (GeV)

Dawson et al, PRD 68, 034022 (03)

LHC, 300 fb" @ High Luminosity

50II\ IIIII | IIIIIII | IIIIIII | IIIIIII | IIIIIII | IIIIIII |III
45

oyily,

0_IIIIIII|IIIIIII|IIIIIII|IIIIIII|IIIIIII|IIIIIII|III_

120 140 160 180 200 220 240

Maltoni, Rainwater, Willenbrock,
PRD éé, O 3&@(29Ii\(@2§oufhem Methodist University — p.24/34



f f Production modes atf LHC

Extraction of y; is part of a larger plan o extract several couplings at once
at the LHC.

* Below 130-140 GeV

99 = H — vy, WW, 272
qq — qqH —

qq + (v, WW,ZZ,77)
qG/99 — ttH — tt + (bb, 77)

e Above 130-140 GeV

gg— H —- WW,ZZ
qq — qqH — qq + (v, WW, ZZ)

qq/g9g9 — ttH — ttWW

25 |-

20 |-

.
L . &L
e
15
|- ="

10 [ T

110 120 130 140 150 160 170 180
M, (GeV)

Maltoni, Rainwater, Willenbrock; Belyaev, Reina

Zack Sullivan, Southern Methodist University — p.25/34



ﬁ-' Using ratios fo geft y;

Given a particular production and decay channel, we find in the narrow
width approximation:

Jz(H) X BR(H _>jj)exp =

Define the combination
IR

B Ftot
Each width is proportional to the (Yukawa)?.

Current LHC estimates are:

Ratios of couplings can be determined in a model-independent manner
at the 10-20% level. E.g.,

th Pt _ ZtTZWq/
yg I‘\g ZWTZQ')/

Assuming I'yot =1y +I's + 'y + 'z + T'y + I, individual couplings can be
determined to 10-30%.

Zack Sullivan, Southern Methodist University — p.26/34



IT i1 ot alinear colider and y,

Calculating ttH at an ete™ collider w o
is very challenging. I I
» There are many 10% S =
corrections near threshold. S S
100 110 ;2/1(31 [G:\:’;(]] 140 150 100 110 Ei [Gcliilo] 140 150
* There are now a few A. Gay
' —~ 100~
NLO calculatfions: £ L s agena s Rgpiicoise
You, et al., PLB 571, 85 (03) & [T Mgt "
Belanger, et al., PLB 571, 163 (03) F 00l i
Denner, et al., PLB 575, 290 (03) == 11 IO OWW; A0 5%
* SUSY corrections fend to reduce R
oy another 20-30% A
J.J. Liu, et al., PRD 72, 033010 (05) B
This measurement is only tenable = K
with a high energy linear collider R s
> 800 GeV and lofs of luminosity. - A Juste & tertno
. O- ‘130’ " ' iso’ " “ibo" " 200’
At best you get +10% if My < 180 GeV m, (GeV/c?)

Bottom line: There is no known way to get dy; below 10%,
and certainly not fo 1%. Maybe you can figure this out. . .
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tH— at the Tevatfron and LHC

IN

any 2HDM there is a charged Higgs.

* If the neutral Higgs(es) are SM-like
they may be unobservable.
H* may be the only one we see.

e If m; > My, then we can look for
t — bH™ in tt production.
Botht — bHt and H+ — tb rates
are known at NLO
Carena ef al., NPB 577, 88 (00)

Current limits are poor:
BR(t — bH™) < 0.2-0.8 CDF, D¢

e Fully differential tH~ /tHT NLO rates
also known  Berger et al., hep-ph/0312286
Needed to utilize correlations in
decays

e |[n SUSY, corrections can be 50% if the
u-parameter or tan 6 are large.

-_cc

H b_

BW off-s h]l T

| mz=m,+m 2T,

6, (pp—tH +X) [pb]

tanf} = 30

Tevatron

200

. Ooff-shell

Opw

i mtzmH+mbi2F t

T ~ Gincl,NLO

6,,, (pp—>tH +X) [pb]
tanf} = 30
LHC

150

200
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f'f' fop quark decays

The large width of the top quark (~ 1.5 GeV) allows it to decay before
it depolarizes (~ A%CD/mt = 1 MeV), or hadronizes (~ Agcp = 300 MeV).

A. Falk, M. Peskin, PRD 49, 3320 (1994)
q
. 1
14

In single-top we looked at the polarization of the top-quark.
In ¢t we use the event rate to look at the polarization of the W.

The V — A interaction means the W only couples to the left-nanded
piece of the top-quark. If m;, = 0, the spin-1 W lboson comes out
left-nanded s, = —1 or longitudinal s, = 0, never right-nanded s, = +1.

W polarization is embedded in the angular distribution of its decay
products in the W rest frame.

.. 1eg. direc-

A Y ... heg. direc- P
b < * b < " tion of top

" tion of top
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f'f‘ Deriving the widfh to polarized W bosons

The amplitude for (¢(p;) — b(ps) W (pw)) follows from the Feynman rule:

At — bW ™) = —zﬁthu(pb)v“(l — vs)u(pe)ey* (pw)

The widfth to a given W-boson polarization is:

! /dPSZ\A (t — bW T)|?

th

Assume the top-quark in unpolarized (the gluon produces right/left
equally in tt, though we are ignoring spin correlation between tops).

In The rest frame of the fop quark we have:
bt = (mt7 07 07 O)

pw = (Ew,0,psinfy,, pcosby)
m = (F,0, —psin@t —pcos@t )
1
€ = Vo —(p, 0, By sin HW,EW cos 0% w)
1
€+ = E(O, 1, & cos 0%, F sin 0%)

2 2 2 2
m;+m mi;—m
t ¢ Zack Sullivan, Southern Methodist University — p.30/34



ﬁ-' The fraction of longifudinal W bosons

The amplitfude squared is: ,
D A( = bW = S|V P T + mo)eA (L = 35) (9 + mo)eh

If we ignore the b mass for the moment we get: (r = My /my)

— 2G rm?
DA = STVt (1)
— 2G rm?
DA = =)
The fraction of longitudinal W-bosons is:
FO 1 m%
Fy = = — ~ (.69

T The 1422 m?+2M32,

0 8 —le‘ll‘tl ded

If you furn back onthe b mass, Fy =3 x 107+
=

Current experimental results are:
Fo =0.59 +£0.14 (CDF) N
Fy = —-0.03+0.07 or < 0.10 at 95% C.L. (CDF) “rs

cos 0
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f f Conclusions

1. The study of tt has become a game precision measurements.

* The top-quark now has the best measured mass (1%) of any quark.
my = 170.9 £ 1.8 GeV

* The measured top-guark cross section has uncertainties
comparable in size to the theoretical calculations.

Texp = 1.3+ 0.8 Pb, oy, = 6.8 £0.8 pb at Run Il (175 GeV)

We are theory and physics modeling constrained!

* We need a betfter handle on W-+heavy-quark final states
— dominates mass uncertainty.

* We need even higher order calculations valid near threshold
— NNLO/NNNNLL

 To utilize this information we need higher-order (3-loop, soon 4-loop)
calculations of EW processes.
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i

Conclusions

2.

.

We have a prediction for the top-quark Yukawa y; = 0.98 + 0.01.

It will be very difficult to test this to better than 10%.
The experimental backgrounds are fough.

. The study of spin correlations and W polarization are a nice

complement to single-top-quark studies.

* In principle there is information about y; embedded in Fy,
buft it is difficult to extract.

* These correlations will be more important when you look for
new physics at LHC that is hiding under the 1 tfop-pair/second
background.

| did not cover evidence that the top-quark really is charge 2/3,
and not —4/3.

| did not cover new ttj calculation, or color-flow issues.

We are in an age of precision QCD!

Your help will be needed in maximizing our understanding of the fantastic
data we now have from the Tevatron and will have from LHC.
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ff 1 end where | began. ..

Jet 2

Jet 1

L

e+

- L
é ' l] =4.5 mm
// ; \ l2 = 2.2 mm

Jet 4
Vv

Fit _ ) 24 September, 1992
M;,, =170 = 10 GeV/e run #40758, event #44414
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