The Tevatron top legacy: from
precision measurements o new
physics smoking gun?
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Top was discovered at Fermilab in 1995
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* Fermilab’s Tevatron Run Il pp collider at 1.96 TeV, running since
year ‘O1. Currently performing very well:

- New record in instantaneous luminosity 4 <1032 ¢m2 s
- New record in delivered luminosity: 2.5fb! per year

- Two multi-purpose, well-understood detectors CDF and DO

Top created in 1 in O(1019) collisions at the Tevatron




Central Calorimeter (EH)

Ceptral Muon

e Tracking:

olenoid e  Silicon tracker allows
precision vertex
detection|n| <2

e  Drift chamber |n|<1
measures charged
particle P;

Forward Calorimeter (E)

Calorimeter split in EM and
| HAD devices |n|<3.6
o ol e Shower maximum detector

Silicon Vertex Detector 1
Intermediate Silicon in EM qu

e Muon chamber outside calorimeter
coverage [n|<1.5

Luminosity Monitor

All important for top physics!




Top pair production ( ~ 7.5 pb)
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Single top production ( ~ 3.5 pb)
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Proportions inverted at

/TeV LHC

Ttbar cross section 20
times larger at LHC

T-channel xsec 30 times
larger at LHC

S-channel xsec increases
very litlle at LHC (while
backgrounds do much
more)




Luminosity (pb™)
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- Precision phyiscs in the top sector

* A precision on M,, below 1GeV is achievable. Crucial to constrain the
Higgs boson mass but also new physics, and to calibrate LHC detectors!

* A precision on V,, below 5% is achievable. Chance to discover new
physics

- Complementarity with the LHC program

* Forward backward asymmetry will need a lot of data and different
phase space at LHC. Similar for spin correlation (but it's hard at the
Tevatron too)

* Single top s-channel has favorable S/B ratio at the Tevatron

- Any sign for new physics in the top quark signature?
e Anomalously large forward backward asymmetry!
* Stringest exclusions fo 4th generation of quarks (t',b’)
* sensitive to leptophobic exotic bosons (W'—tb,Z’ —tt) up to 1 TeV
* probing presence of SUSY charged Higgs, axigluons, etc.etc.




Vtb = 0.91 £ 0.11 (exp) * 0.07 (theory)

> No evidence for charged Higgs
BR(e—Zq) < 3.7% at 95% CL

Fo=062x0.11 & F:=-0.04+0.05

Oubar = 7.5 £ 0.5 pb
Osingletop = 28+05 pb 0.07 .15
Outar+ = 1.6 + 0.55; pb T

s » P A = 0.475 % 0.1 14
Mz’ > 900 GeV at 95% CL

Spin Correlations K = 0.6 & 0550 £ 0.2,

Mw- > 800 GeV at 95% CL
Mp- > 372 GeV at 95% CL




Vtb = 0.91 £ 0.11 (exp) * 0.07 (theory)

— 1733 + 1.1 GeV/c2 No evidence for charged Higgs
M = . .| GeV/c

BR(t—Zq) < 3.7% at 95% CL
Fo=062%0.11 & F.=-0.04 0.05

Oitpar = 7.5 + 0.5 pb
Oiingietop = 2.8 + 0.5 pb

e = 0.07 *015 07
Oubar+i = 1.6 £ 0.5 b
nor 2 b Aw = 0.475 £ 0.1 14
Mz > 900 GeV at 95% CL
Spin Correlations K = 0.6 & 0550 £ 0.2,
Mw’ > 800 GeV at 95% CL
My > 372 GeV at 95% CL




Direct searches and indirect constraints - top
quark mass and W mass especially - point to

a relatively light Higgs boson

Direct searches &f =-2In(Q) LHC: H—=WW only. Average neglects correlations
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all hadronic

lepton plus jets
tau plus jets

tau plus jets

Potential to analyze

more than 15 000 top <=
quarks by end 2011

Total acceptance 13%

<

Lepton+lets

— large BR(30%)

— good S/B ratio.
Dileptonic

— Highest S/B

— lowest BR(5%)
All hadronic

— highest BR(44%)

- Very large QCD background
Tau modes

— explicit tau identification

MET + jets ’

— Lepton+jets and dileptonic decays
where electron/muon is not id’ed.
Large acceptance to taus
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top Measurement
represents the crowning of
the top quark studies.

The related publications
constitute 35% of the top
group publication output

True CDF legacy

%jhan 1250 citations!

And still improving...




Jet energy scale is the largest syst
uncertainty: use W—qq decays to constrain
it in situ

Fully reconstruct the kinematics so to
reconstruct the top quark mass —

* Use b-tagging and

multivariate techniques to
isolate the signal from the

overwhelming QCD
background

Events/[5.0 GeV/c?]

Events/[5.0 GeV/c?]

CDF Run Il Preliminary (5.8 fb™)

|+

= 1-tag events
{ —+— Data
B Fitted tt
Fitted Bkg

»2/Ndof = 41.7/ 41
Prob = 0.439

_+_

IIIIII|III|IIIIIIIIIIIIIII|II II+*+“
20 40 60 80 100 120 140 160 180
mie [GeV/c]
CDF Run Il Preliminary (5.8 fb™)
300 = 1-tag events
—t— Data
2501~ _
I Fitted
200l Fitted Bkg

172.5 £ 1.7 (stat.+JES) = 1.2 (syst.) GeV/c?




¥ *Limited lepton ID

mostly due to limited 37 COF Il Pretiminary (5.7 15”)
detector coverage 5 2-tag: 277 events
,g 50 e Data
[]signal+Bkgd

* But ttbar events
have striking
kinematics, and you
can still fully
reconstruct one top in
this sample

ot
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e Choose dijet pair with closest to W mass
to measure jet energy scale

+ CDF il Preliminary (5.7 fb™)

* Reconstruct one of the two decaying top
to measure the top quark mass! —
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M,,= 172.3 + 2.4 (stat.+JES) = 1.0 (syst.) GeV/c? M3 (GeV/e')




Combining results obtained CDF Top Quark Mass (*Preliminary)
in different dataset ’
¢ In Airrerent aarasers CDF- di-l
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e By Moriond QCD, DO updated the Mtop measurements in the lepton+jets and
dilepton channels using matrix element technique

1 @) [M(y,m,,,)|]
P.(x;m JES)=—— dq,f(q,)f 2lde W
. (m,JES) Oom(ﬂlmp)x'qul q,f(q,)f(q, 4\/(q1'q2-m1m2 s W(y x,JES)
Parton LO matrix Transfer
densities element functions

* Ljets: reduced systematics, new transfer functions 5. T T DoLosam

Preliminary

M, = 174.9 = 0.8 (stat) + 1.3 (syst.) GeV/c? it

top™

e Dilepton: more data

M,,,= 173.6 + 1.8 (stat) = 2.6 (syst.) GeV/c?

top™

L ]




Indirect measurement from DO

e Q. whatisthe M

top

Monte Carlo mass

e Q. what is the quark mass? A. mass is a

we are measuring?A. The

renormalization scheme-dependent quantity

e General agreement that m(MC) is close to the

m(pole)

DO challenges this assumption:
e use DO ofttbar) meas in arxiv:1101.0124 and its

dependence on M

e assume M

« compare it to NLO computations to measure

pole mass

agreement (1 sigma) with Tevatron world average
MS interpretation disfavored

*using Moch and Uwer

Fabrizio Margaroli

top

in MC

top

in MC is the pole mass

M

top

pole= 167.5 +54 , 4 GeV/c?

*

CNRS seminar
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| —— Measured dependence of ¢ N,
— =—— NNLO approx Kidonakis

——— NNLO approx Moch and Uwer

NLO+NNLL Ahrens et al.
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Similar result from ATLAS
ATLAS-CONF-2011-054

17



Vtb = 0.91 £ 0.11 (exp) * 0.07 (theory)

> No evidence for charged Higgs
BR(e—Zq) < 3.7% at 95% CL
— Fo=062%0.11 & F,=-0.04 005

Oitpar = 7.5 + 0.5 pb
Oiingietop = 2.8 + 0.5 pb

e = 0.07 *015 07
Oubar+i = 1.6 £ 0.5 b
nor 2 b Aw = 0.475 £ 0.1 14
Mz > 900 GeV at 95% CL
Spin Correlations K = 0.6 & 0550 £ 0.2,
Mw’ > 800 GeV at 95% CL
My > 372 GeV at 95% CL
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Vtb = 0.91 £ 0.11 (exp) £ 0.07 (theory) e mmmmmm

> No evidence for charged Higgs
BR(e—Zq) < 3.7% at 95% CL

Oubar = 7.5 £ 0.5 pb
Ll Tiingiecop = 2.8 + 0.5 pb
Oubart = 1.6 £ 0.5; pb

gg = 0.07 +0.15 0,07

A= 0.475 £ 0.114
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—_—) in Correlations = 0. L y
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Mp- > 372 GeV at 95% CL




q t
« Access to the W--b vertex \ Vv
- probe V-A structure o < tb
- access to top quark spin / W

e Allows measurement of CKM matrix °
element |V, |:
— Is there a 4th generation 2 ( Vid  Vus Vi Viux? \
_ o 0
'2;’352”:*"";'”2":_'“'"/ )2 Veo  Ves Voo Vex?
Vbl ™ 4 [Vep|® + [Vip|© = Vie Vie Vi Vix?
? ? ? ?
3. Awall et. al., “Is [Veg 12" \ Wa? Vys? Vyi? Vyx? )
Eur. Phys. J. C49 791-801 (2007).
q t
* t and s-channel sensitive to (different) ,
BSM physics w
- FCNC

- Extra gauge bosons (W', W,,)




lepton + MET + jets
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lepton + MET + jets

300

Important to have a result
in a different signature
(and in both experiments)
to increase confidence

Crucial to combine them to
increase precision

CDF Lepton+jets 3.2 fb”
CDF MET+jets
D@ Lepton+jets 2.3f0"

Tevatron Combination

Preliminary

e

2.1

1
B B.W. Harris et al., PRD 66, 054024 (2002)

B N. Kidonakis, PRD 74, 114012 (20086)
I

2.17 7332 pb
50 55 pb
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2.76 *037 pb
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Combination Output

arXiv:0908.2171

20% better than single experiment determination




e Using cross section result measure |V, |

* Assume Standard Model (V-A) coupling

* and

Vil >> [ Vi, Vil

* (from BR(t =Wb) measurements)

.E‘ 3[" Tevatron Preliminary, August 2009

Posterior De
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[ For 03" =3.14 pb

- Wml =0.91=0.08

[ 95% C.L. limit: 0.79
- For os°" = 3.46 pb
[ [PRD74 114012, 2006]

- IV, |=0.88=0.07
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<

Tevatron combined fit:

Combination increases precision from 13% to 9% on V,,
arXiv:0908.2171



e The two observation analyses measured combined single top quark cross
section, assuming SM ratio between s and t

e This ratio is modified in several new physics scenarios
- for example in models with additional quark generations,

- new heavy bosons (like the one that explain the anomalous forward
backward asymmetry :)

- anomalous top quark couplings

CDF 3.2fb" 7 ‘L
—_ 5:--'-|'--'|""|""|--'-|‘--‘|----|----|----‘----: E' s
CI CDF measurement 2 D@ Runll Preliminary 5.4 fb ™' ["?@h’
B I 68.3% CL ] c dinii
S af [ 95.5% CL ] 2 el
E ; m 1] 90% C.L.
4 99.7% CL o —t e
w Il SM (NLO) ] :
8 3 B SM(NNNLO) ?
° t E =
e : —
€ LI m
g E # Measurement
5' o ¥ sy
- - ) Four gtl'llflﬂﬂlllm
..?. [t] PRD T4: 114012, 2006 o] Top-flavor
[2] ERPJ c-?: Tai, A007 [ ] FCNC "
Ao ey & fogr™

[5) PRL 102: 092002, 2000 W' f;-n-l-;tm
2 4
s-channel cross section [pb]

%
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s-Channel Cross Section &, [pb]
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20 | M Published
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84 publications in Runll
73 in peer-reviewed papers

11 combinations
8 topcite 50+
7 topcite 100+




M Drafts
25

M Submitted/accepted
20 | M Published

2004 2005 2006 2007 2008 2009 2010 201 |

84 publications in Runll
73 in peer-reviewed papers
11 combinations

8 topcite 50+

7 topcite 100+

2011 will be the most
productive year for top
phsyics at CDF!



B Drafts 84 publications in Runli
25 73 in peer-reviewed papers
M Submitted/accepted 11 combinations
8 topcite 50+
20 | M Published 7 topcite 100+

| picked two major
breakthrough (M, , and
single top). A lot of physics
done, everything SM so far.
Then came 2011...

2004 2005 2006 2007 2008 2009 2010 201 |



Vtb = 0.91 £ 0.11 (exp) * 0.07 (theory)

> No evidence for charged Higgs
BR(e—Zq) < 3.7% at 95% CL

Fo=062x0.11 & F:=-0.04+0.05

No evidence for SUSY stop
M > 335 GeV at 95% CL

Oubar = 7.5 £ 0.5 pb
Usin etop = 2.8 + 0.5 Pb ,
[

e = 0.07 *015 57
Oubary = 1.6 £ 0.5 b
ttbarH] sys P As=0.475 + 0.1 14 _
Mz > 900 GeV at 95% CL

Spin Correlations K = 0.6 £ 0.5:: + 0.2
Mw- > 800 GeV at 95% CL . il
Mp- > 372 GeV at 95% CL




e LO collision is charge-symmetric

e NLO produces asymmetry through interference

* Net result is a positive asymmetry of about 5%

e Several exotic ttbar production modes generate at tree-level a larger C through
the interference with SM qq — tt.




A ppbar collider is best suited to study the
forward backward asymmetry of top
quark production

-2 :_.Top pairs | D@ Run Il Preliminary
| M
« NLO QCD predicts small asymmetry S
from qgbar — ttbar, about 5% 150

\A)

AP0 =8.0 +4 %

“reconstruction level l! .E " E




A ppbar collider is best suited to study the
forward backward asymmetry of top
. 2 [
qUCﬂ'k produchon g 450 —data Ay = -0.0112 0.003

T T T T T | A, =0057+0.028
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¢ NLO QCD predicts small asymmetry " :
3001
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; zuoi
150
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AY=Y,-Y,

AseSM=5.0 1.5 %
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hep-ex/1101.0034
"parton level




A ppbar collider is best suited to study the
forward backward asymmetry of top
quark production

¢ NLO QCD predicts small asymmetry
from qgbar — ttbar, about 5%

 Study of Q2 dependence - M(ttbar)
probes more finely NLO QCD
computations. Also, it is a more sensitive
probe to new physics

-0.2

1t
4 1 l 1t parton - level
CDF data 5.3fb"

0.4 == #NLOQCD

0.2+

00— ——————

450 GeV/c? M

\4

it

hep-ex/1101.003 >30 <

*
parton level




A ppbar collider is best suited to study the
forward backward asymmetry of top
quark production

ytop-ytbﬂl in Lab

NLO QCD predicts small asymmetry
from qgbar — ttbar, about 5%

Events

Study of Q2 dependence - M(ttbar)
probes more finely NLO QCD

computations. Also, it is a more sensitive

probe to new physics e 0o
A ylab
t
Model building must contend with AFBSM =5.0x15%
precisely measured ttbar xsection and Vs
direct .searches of exotic resonances A._COF = 49 + 16%
decaying to ttbar FB

“parton level l! a ': E




A ppbar collider is best suited to study the
forward backward asymmetry of top
quark production

¢ NLO QCD predicts small asymmetry
from qgbar — ttbar, about 5%

 Study of Q2 dependence - M(ttbar)
probes more finely NLO QCD
computations. Also, it is a more sensitive
probe to new physics

Events

60

201

40!

Yiop™Ytvar in Lab

AeSM=5.0 +1.5 %
\4)
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@JiscoveryNews
HIGGS CAN RUN, BUT IT CAN'T

HIDE

But the Higgs isn't the only game in town for the LHC and Tevatron physicists. A paper recently appeared on

the arXiv announcing mounting evidence for a potential new particle that nobody was really looking for in the

first place. The smoking gun is in the directions that top quarks and their counterparts, antiquarks, travel
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Tevatron: top quarks may indicate new particle, need for new

physics

Even as it's slated for retirement, Fermilab's Tevatron particle collider may be providing its successor, the
Large Hadron Collider, with directions to some new physics. Recently, researchers with the Tevatron's CDF
detector started discussing results that thev =ubmitiad to the ardiv at the end of last vear. The draft naner
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Remodeling the standard model

Fermilab findings suggest new elementary particle may

500N emerge

By Ron Cowen
Web edition :

Interesting effect at the Teﬁ?:l:"?WLEMH
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Scientists at the Large Hadron Collid
discovering a new particle, according
experiments at Fermilab's Tevatron.

Judging by its behavior, its notthe H

Scientists are finding signs of new pt
particle Fermilab physicists discovere
quark.
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Here a 3 sigma effect, plus a 2 sigma
effect...

How bad can the theoretical

predictions be?

e asymmetry appears only at NLO
(so in a way, the theoretical
computations are just leading order)

« Approx NNLO in agreement with
NLO

e Full NNLO prediction will take time!
about a year

* Before that, as experimentalists we
need to get ourselves busy



While we wait for NNLO computations to be completed, we can entertain

ourselves in two possible ways
1) Increase precision on AFB measurements (more CDF data, DO measurements)

2) Test the new physics scenarios that are in hand at Tevatron energy that could
explain the large AFB
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Connect the dots!



Asymmetric observables lie significantly below the measurement.

Standard deviations dOspy and dO,,, added in quadrature.

Apparently no strong constraints from B physics... From S.Westhof Moriond EWK talk




* W'’ that couples preferentially to top quarks, should also decay to top (and
bottom) if heavy enough

e Same signature of s-channel single top production (difficult at the LHC) for the

direct search for W'to tb

Arxiv:1101.0806 PRL 103, 041801 (2009)
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Or SUSY-like?

* It has been argued that stop -> top + chi can lead to a significant enhancement
of the forward-backward asymmetry in ttbar production at the Tevatron.

* A similar search (but with fermionic e SUSY signature some 10 times
hypothesis) done by CDF in the smaller. But the MET+many jets
Inu+many jets channel Arxiv:1103.2482 signature is supposed to be much
Signal Region(njets>4, E4>100) more sensitive (neg|igib|e ph)’SiCS

I £ | " rromx E bCICkgI'OUﬂd)
B acb s —— m,=300GeV,m, =80GeV|
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Single top 10 mT.=3606eV,mx=1GeV o
. Diboson CDF Run Il Preliminary L=4.8fb™ ;
B Z+jets ]

10"
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e Similar search (less sensitive) by ATLAS
ATLAS-CONF-2011-036
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PHYSICAL REVIEW D 81, 015004 {2010}
Top quark forward-backward asymmetry from new f-channel physics

Sunghoon Jung,' Hitoshi Murayama,™* Aaron Pierce,' and James D. Wells'*
'Michigan Center for Theoretical Physics, University of Michigan, Ann Arbor, Michigan 48109, USA
*Department of Physics, University of California, Berkelev, California 94720, USA
Theoretical Physics Group, LENL, Berkeley, California 94720, USA
J'FMU University of Tokye, 5-1-5 Kashiwa-no-ha, Kashiwa, Japan 277-8308

,—M'ﬂmﬂfﬂ! FPhysics } PH-TH), CH-121T Geneva 23, Switzerland
(Becetved 30 July 2009] revised manuscropt received 19 October 2009, published 7 January 20100

Motvated by recent measurements of the top guark forward-backward asymmetry at the Tevatron, we
study how f-channel new physics can contribute o a large value, We concentrate on a theory with an
Abelian paupge boson thal possesses flavor changing couplings between up and top quarks but satisfies
Havor physics constraints, Collider constraints are strong, but can be accommodated with the aid of small
flavor-diagonal couplings. We find that Mz = 160 GeV can vield a total lab-frame asymmetry of ~18%
without conflicting with other observables. There are implications for future collider searches, including
exolic op guark decays, like-sign top quark production, and detailed measurements of the wp production
cross seclion. An allernate model with a pauged non-Abelian flavor symmetry has similar phenomenal-
ogy, but lacks the like-sign top signal.
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FIG. 1. Al as a function of 4§ = M, for M, = 160 GeV.



e Z' with uZ't coupling that has also uZ’v coupling. Direct search Z'—uu very
difficult due to huge background. Search performed only by UA2, weak limits
that can be evaded

e CDF has a similar analysis that stems from the observation of dibosons in lvqq

sample. An excess is seen and investigated
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* Significance of the excess is 3 sigma. Need to hear a word from DO!




* A t-channel exchange of Z’ should produce abundant same sign top pairs

u i .
. - Freshly approved search for such a signature.
No signs here as well...
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 Sixteen years after its discovery, the knowledge of the top quark has greatly
expanded thanks to the large Tevaron dataset

- extensive measurements of top quark intrinsic properties, study of its
production and decay. Lots of physics but all SM :(

* We are into LHC era, and Tevatron still playing an important role:

- some Tevatron measurements - its mass! - have broad impact to our field,
and will be a long standing legacy

- others such as charge asymmetry, spin correlations are
unique/complementary to the LHC program



Summary

» Sixteen years after its discovery, the knowledge of the top quark has greatly
expanded thanks to the large Tevaron dataset

- extensive measurements of top quark intrinsic properties, study of its
production and decay. Lots of physics but all SM :(

* We are into LHC era, and Tevatron still playing an important role:

- some Tevatron measurements - its mass! - have broad impact to our field,
and will be a long standing legacy

- others such as charge asymmetry, spin correlations are
unique/complementary to the LHC program

e Study of forward-backward asymmetry of top events shows first significant
discrepancy with SM. Is “the bumpt” the cause?A close collaboration between
theorists, and experimentalists from Tevatron and LHC will very soon clear the
fog!

Stay tuned!
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Counting experiment after background understanding:
o W+HF cross section underestimated in the MC: W+HF

content measured in data in the 1 or 2 jet event sample
* b-tagging mistag rate measured in data,

parametrization applied to W+ijets
« CDF measures ratio of ttbar/Z—l|l with the same trigger

and use the theoretical Z cross section to remove the

uncertainty due to luminosity measurement
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iscrimination:

* One step turther: signal/backgroun
* ttbar more energetic, central and isotropic than W+ijets

* NN (CDF) or BDT (DO) input variables: Ht, aplanarity,
sphericity, etc.

* cross section measurement: template fit of ttbar and
W-+iets to the discriminant output

* CDF measures ratio of ttbar/Z—ll with the same trigger
and use the theoretical Z cross section to remove the
uncertainty due to luminosity measurement
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Single top observation at CDF

e Observing electroweak production of single top quarks crucial goal for CDF:

e | first used the MET+(b)jets signature to recover non-reconstructed
electrons/muons - sample rich in ts. Adds 50% acceptance per fb:!

e MET+jets much harder than [+MET+jets:
- less objects in the final state — more backgrounds

- impossible to reconstruct top resonance

e Required state-of-the-art QCD understanding and rejection through several
innovative techinques:

- Rejection of QCD using kin. and topology, and MET from tracker in NN

- Precise data-driven modeling for QCD

* Now other searches in the same signature are
benefitting from all of the above:

Event Fraction/0.15

- dibosons, SUSY quark and gluinos

- low mass Higgs searches - see later

arXiv:1001.4577, submitted to PRD
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What lies aftter the
pillars of Hercules 2

Nec plus ultra?
Or Antlantis?

The knowledge of the top quark will ultimately guide us into the unknown






e Background to most sensitive low mass Higgs searches at Tevatron!

* Own ‘I/‘I 0 0'Singletop
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Or a axiglvon/heavy Z2 (part 2)

e Study boosted top — Probe NLO QCD/understand boosted jets/search for NP
e Cross section for SM ttbar with Pt(top) 2 400GeV is a handful of fb

o direct identification of the W decay and the b quark unfeasible

* jet has mass close to Mtop — very different from jets from q/g

all-hadronic decays: Lepton+ijets decays:
two tops with mass~175 one jet with mass~175, large MET
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Vib = 0.91 £ 0.11 (exp) £ 0.07 (theory)

No evidence for charged Higgs
- 2
sl e Rl B Fo=0.67%0.10 & Fs=0.02 +0.05

Mt = Mtbar: '3.3 i I.? GEVE'CZ

=* < 2
[ <75 GeV at 95% CL BR(t—Zq) % at 95% CL

Exclude q = -4/3 at 95%CL BR(t— 7 % at 95% CL
M, > 335 GeV at 95% CL

q,l

wcidence for scalar to,

=an + 7

Many more results!
Check our public web page for full list
www-cdf.fnal.gov/physics/new/top/top.html

www-dO0.fnal.gov/Run2Physics/WWW/results/top htm

»

b

Mz > 900 GeV at 95% CL Fgg = 0.07 *0-15 07 Wt +sys
My > 800 GeV at 95% CL Ag = 15-40% (parton level
My > 372 GeV at 95% CL nin Correlations k= 0.6 £ 0.5, + 0.2,




The 3 sigma evidence, 5 sigma observation is an arbitrary standard that was set to
minimize the rate of false discoveries at the time where our business was
considered large: O(100) people per collaboration, 1nb! of data

HEP increased exponentially since then in both amount of experimenters and data
and thus distributions we look at. It's always best to translate “sigmas” in p-value
and then use your own judgement.

Please keep in mind: sigmas are not a linear scale!!!

~

1 sigma 1 sided = 16%

2 sigma 1 sided = 2.3%

3 sigma 1 sided = 0.14%
4 sigma 1 sided = 0.003%
5 sigma 1 sided = 0.00002%

~ 1 order of magnitude less likely per each sigma

~

~

- 2 orders of magnitude(!) less likely per each sigma




o JES is a complex business, but (as with every systematic) one where you learn
fast with new data. In other words, JES can be

- 10% before you get collisions: test-beam, single particle response)
- 5% months later: first gagmma+jet and dijet

- 2% one year later: Z+jets and ttbar 3% band
| Balance@L7 cone 0.4 (central) | /
g 0.06
e JES validated period-by-period E . /
using gamma-+ijet events(mixture 5 0041~
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Pure samples of light quark jets

About 5000 hadronic Ws,
three different ttbar decay modes,
all right on the spot!

JES for light quarks cab be
summarized as 0.5+-1%

CDF Run Il Preliminary (5.8 fb™)
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for light quarks cab be

summarized as 0.5+1%

on http://www-cdf.fnal.gov/physics/new/top/public_mass.html




Events per 2 GeV/c’
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