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How well do we know I\/It ?

ST e M{=174.3+£5.1 GeV (Run I)
o oL » Already better than EW precision

* M,, only logarithmically sensitive to M,

Preliminary

170 190 210
m, [GeV] LEP EwwG

- Assume M, known

e M,y will be known to ~20 MeV
— Need M, to

e LC can measure M, to ~6 MeV
Giga-Z can measure sin®0,, ~10-
— Need M, to
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SM (m,, = 120, 200 GeV)
m, =1723 ... 176.3 GeV
Am,, =0.2 GeV

3(Aat) = +- 0.00016

0'2318 .25 80.30 80.35 80.40 80.45

M,, [GeV]
Beneke et al., hep-ph/0003033




How well do we know I\/It ?

e SUSY Higgs masses, e.q.

2 — 3G.m}
Amy =" In5
h = 2m2sin?g )

— Exp. error will be ~200 MeV (LHC) I e

—om,~ om,, SO want om,

° Note 4_|00p Correctlons to mh are 200 250 3’*\22[6:\5}? 400 450 500
comparable in size.

» Smaller error in M, allows indirect
access to M,, A, m,,, etc.

800 1000 1200 1400
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How well do we know I\/It ?

Top-Quark Mass [GeV]

e Tevatron: Run lla reach %
— Currently use kinematic fits to M,,,, |8 g

— Better choice: assign each event a . |
probability that is a function of M LEP1SLD/m T, —  1775:93

—Run Ilb systematic wall at

m [GeVl ) eb Ewwe

e LHC: Several channels can reach

—To reach systematics < 1 GeV use:
M ey W/ template for M, (

Jy(-pp)

° LC Strive for 6Mt - Kharchilava, PLB 476 (00) 73
—Requires scan of tt threshold
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tt Cross

"NNLO-NNNLL"

Really NLO + Sudakov
resummation, re-expanded
— I.e. add soft gluons at threshold

Results depend on expan-

sion kinematics: 1Pl vs. PIM
1PI: s = (pq +pq)
PIM: s = M2=(p; + ;)

Tevatron updated:

( )
0) 1PI/PIM scale PDF

5.24 +0.31 + 0.2 + 0.6 pb
6.77 £ 0.42 + 0.2 + 0.7 pb

Run |
Run Il
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Section

CDF and DD Run II Preliminary

E:l Kldonal\ls NNLO NNNLL+ (hep ph/O 3031 86)
[ﬂ Cacclml etal. (lzep plz/0?03085)

| ;;gdated 1804
. Y CDF Run Il (Dzlept(m) Y DD Run Il

* CDF Run I 9 CDF Run-II (I-+jets) - 4-D@. RunI
1750 1800 1850 1900 1950 2000

_ s (GeV)
P. Azzi, hep-ex/0312052

« LHC is not dominated by
threshold kinematics:
825 + 50 + 100 + 90 pb




tt threshold at a Linear Collider

e Use 1S or PS mass, not pole
« Large non-relativistic corrections

a, 1 1O(1) + NLO(a v)+NNLO(a?,a v,v?)
Otf sz(f))( _ s s s
v (alnv) [THL  +NLL +NNLL

mtv2 =+/s—2my

* Most of NNLL terms done
— Caused change in normalization
— New uncertainty in gy; IS
before ISR/beamstrahlung/etc.

°* Om, still attainable

LL ,NLL , NNLL

8§ 349 350 351 352 353 354
Vs(GeV)
A. Hoang, hep-ph/0310301

Zack Sullivan, Aspen 2004 February 2




Y, from M, & theory
V2 M,

e Y= i =1.0040.03

* We want to measure Y, directly to confirm its
relationship with the top-quark mass.

— gluon fusion through top loop

IS subject to interference effects
— Higgs exchange at threshold is too weak

— ttH associated production is the best [ t
e Limited at LHC to - o
« LC will have very limited mass reach,

but similar precision q :
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ttH at LHC

o Fully differential NLO
Cross section done 2 ways

\Vs=14 TeV
N CTEQ5 PDF’s

— Uncertainties:
W: £15%, PDF 6%, M, +7% M@evy %

Dawson et al., PRD 68 (03) 034022

e Combining H-bb, H-WW LHC, 300 1" @ High Luninosity
oY at best.

my,
Maltoni, Rainwater, Willenbrock, PRD 66 (02) 034022
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ttH ata LC

 Many 10% corrections to
cross section at NLO

[ /s =500GeV r
L /5 = 800GeV

e 0,7 varies up to N S P
SUSY ;\? f H — bb ; Ao = 5% Alélofoafz'l
» Only tenable with high < ﬁ ww°°"°;" )
energy collider = 800 GeV |- N T
_Need [0t= of luminosity SOOGGV:/'
e At best get to error
in Y, if M,, < 180 GeV
L ;
Zoﬁ _ - o
R 3%
°L ‘80 200
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tH- at Tevatron & LHC

f“H” Is SM-like may need to see
H* to know we have 2HDM
f M, > M, produce tt w/ t-bH*

o, (pp—tH +X) [pb]

Tevatron

—t-bH*, H* - tb known at NLO ap =30

* NLO rates known, but now

— Allows for correlations in decays [l 740

S tanp = 30
*Upto corrections If p T g HC
parameter and tan[3 are large

L | H
150 200 300 400 500
Berger et al., hep-ph/0312286 my[GeV]
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th

e In the SM

* Measuring B(t - Wb) only tells us V, » V., Vie

B BR(t-Wb)_ V[ _ +0.31
CDF measured BREWA) v Py, Ty E O 0% 0.2

» Single-top cross section proportional to |V, |?
—Measure B(t-WDb) in tt, extract 8V, ~ d0,/2

 Run | limits on cross sections:
—s-channel: 18 pb | ]
—t-channel: [22 pb]
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Single-top-quark production

Tevatron Tevatron
Run | Run i

O; (NLO) 1.45+0.08 pb +0.13 pb | 247+12 pb

[

O, (NLO) 0.75+0.07 pb | 0.88+0.09 pb | 10.7+0.9 pb

Oy (LL) 0.060.01 pb | 0.09+0.02 pb 5618 pb

Total 2.26+0.11 pb | 2.95+0.16 pb | 314+15 pb

 s-/t-channel now known fully differentially
— Reduced uncertainty from modeling of kinematics 15% -
— First honest PDF uncertainties now (add to above):
e 00, = , 00, =
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Paradigm of “jet calculations”

 We are calculating not
— Calculations are not well defined w/o
a jet definition or hadronization function

« Bad things happen if you treat jets as partons:

LOx1.09 B LOx0.99 (DDIS)
Sonro = 0.01 pb NLO (MDE, p = my) Sl NLOXx1.03 (PSS, pt = my)
o NLO (PSS, i = my) i e NLO (PSS, DDIS) ——

NLO (PSS, DDIS) —— ngheS[ E Jet
T

N L O [ d” by . 7
.~ 3% gain over LO (> 20 GeV)
., ~ NLOppis—NLOy,

do /dprq (f6/GeV)

40 50
pra (GeV)
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Problems with PYTHIA/HERWIG

N
W

!\)
=)

(pb)

—
9}

do /dprs, (1b/GeV)

do/dn,

—_
=

do /dpry, (tb/GeV)

20 40 60 80 100
pre, (GeV)

I
W

e
o

o, (GeV)

e Current showering event pseudorapidity
generators do not produce IS wrong
enough hard IS radiation — Factor of 3 underestimate o,
to model t-channel — Danger for neural nets

o Completely missing most to W-Higgs,
of sample w/ extra hard b or any W+2 b-tag
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B tagging Is everything...

3o evidence for all channels in at least 1 b-tag sample Run II error in Vy, with 2 fb~1, ¢, = 15%, 6B = 10%

[\o 2\
[N
]

~

f— ot ot f— f— [\o)
\®]

=

Integrated luminosity (pb~!)

oo}
(o)

55 60 65 55 60 65
b tagging efficiency (%) b tagging efficiency (%)

 When reach design need  Extraction of V,, will be
130 pb-! for “evidence” statistics limited

e Should have enough data ¢ Using new t-channel
on tape any day now... theory should improve
extraction in exclusive and
combined channels
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Experimental reach vs. theory

1.96 TeV, pp

‘ Uncertainty
In systematics

— Not necessarily true with extreme cuts
e Tevatron is limited until

e LHC is completely limited
discrepancy in background estimates at LHC
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W' at Tevatron

* Best way to look | NLO (o

NLO ——

I
for W bosons. , Run |

 Fully differential NLO for arbitrary V, A
couplings
— First use “modified tolerance method” for
PDF uncertainties .

500 600 700 800 900 1000

— CDF Used (WaS 420 GeV) My (GeV)

— LOx1.29/2

— Look for resonant peak in Wbb invariant e
mass — same rate for L/R-handed

My = 500 GeV

— Use spin correlations to tell if W' has left or
right-handed interactions

e Run Il can reach

do /dM,; (fb/GeV)

0 .
300 350 400 450 500
M,; (GeV)
ZS, PRD 66 (02) 075011
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W'at LHC

* Huge cross section at LHC

—~10 TeV W' @ 50/yr (high lum.)

— Total rate less than s-channel
single-top sample if

—Must use invariant mass o e om o0 g 0003100 o

o(pp — W' — tb/tb) (pb)

My (GeV)

e Only background > 1 TeV:

Dominant Backgrounds
W jj small with > 1b-tag

— Completely missed by
HERWIG/PYTHIA!

do’/(lﬂfbj[,, (fb/TeV)

2 2.5
A[bjl'll (TeVv)

ZS, hep-ph/0306266
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W'at LHC

* Using M, can reach

— PDFs induce kinematic limit here
smaller

— Can reach couplings
than gg,!

perturbative limit for ratios

orbifolded L-R
» top-flavor see-saw

10 fb~!
30 fh~!
1inn o1 —1

— Most perturbative theories predict

couplings within factor of 2 of g,

30 fh~!
100 fb—1
300 fb~!

5 6 7 8 9 10
M, wr (Te\""

)
ZS, hep-ph/0306266
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5 6 7 8 9 10
M w! (Te\""

zs), hep-ph/0306266

e Coupling limit is model
iIndependent (if 'y, < Myy1)

e Can use to
find limits in favorite model

o Littlest Higgs models can be
In 1 year at LHC!




Conclusions

, I.e. Tevatron, HERA, flavor physics

— NNLO tt - WW + X fully differential cross sections
* Needed for improved measure of M,
» Accurate backgrounds for SM and beyond (large systematics)

— Vast improvements in: event generators, PDFs, fragmentation
functions (t— BX), high energy (1 TeV) objects

— Investigate polarization in single-top-quark kinematics
this will help pin down many of these issues

cangetto: -, -, 1, 0.1 GeV, can only reach
can see at Tevatron (maybe LHC); (Tevatron)
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A few of the slides not shown
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Required luminosity for s/t-channel

3o evidence for ¢-channel in 1 b-tag sample 3o evidence for s-channel in 2 b-tag sample

Integrated luminosity (pb~!)
[\ (8] S ()] N ~
S & 3 38 3 2
S s 3 3 3 3

PRREPER S S [ SR T T AU R S T NS T ST S NN S T T T T PRSP S TR S T U T S S NS T TN S N S S SN MR R N

50 55 60 65 70 4 50 55 60 65 70
b tagging efficiency (%) b tagging efficiency (%)

—
-
=

~
)

50 discovery for t-channel in 1 b-tag sample do discovery for s-channel in 2 b-tag sample

222 —

20 F
1.8
1.6
1.4}
12}
1.0 f
0.8 |

0-6- : : : . : 5 : : : : :
0.4-llIIillllillllillllillllillll I.O-llIliIlllillllillllillllillll-

45 50 55 60 65 70 45 50 55 60 65 70
b tagging efficiency (%) b tagging efficiency (%)

35F
3.0F
25F

20F

Integrated luminosity (fb~")
Integrated luminosity (fb~")

1.5 F
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Topcolor-Assisted Technicolor

Both Tt and T might appear in
single-top-quark production

Width is typically few x100 GeV,
SO may not be clear resonance B
Cross section large enough to
reach ~1 TeV for TT" at LHC

— ¢ is fraction of M, due to TC

— R, puts lower limit of M > 250
GeV

Cao et al., PRD 67 (03) 071701
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tuy/Z FCNC

 SM single-top cross section at
HERA is 102 fb

e Threshold resummed cross
section now known

Excluded by H1

to see at Tevatron/LHC B m-mey
IN remaining parameter space

— HERA will improve factor of 2
over next few years

0.2 0.4
H1, hep-ex/0302009
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R-parity-violating Fproduction

e Only known way to look for
/3jk couplings

* R -conserving decay

250 350 450 550
]\[’;1 (GGV)

Berger, Harris, ZS, PRD 63 (01) 115001

 Look for resonant structure
In transverse mass M+

e Can cover much of MSSM
parameter space
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