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Can Physics
Be Unified ?

Can Aging
Be Postponed ?

What Secrets
Do Genes Hold ?

How Was the
Universe Born ?

Shabnam Jabeen (Brown University)
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Big Questions

Can we combine QM and G. Relativity?

Unification of forces?

Dark matter?

Where 1s antimatter?

Why three generations of
matter?

Magnetic monopoles?

Arrow of time

Mechanism of symmetry
breaking, Higgs, origin of mass,
mecanism for meutrino masses?

Shabnam Jabeen (Brown University)

End of universe?

Dark energy?
Cosmological constant?

Correct interpretation
of QM?

Black hole information
paradox?

Extra dimensions?

Inflation?

Are there many universes?

Locality in QM (Quantum
entanglement)?
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Clues from P-P(Pbar) Collisions?

Unification of forces?

Dark matter?

Where 1s antimatter?

Can we combine QM
and G. Relativity?

B Physics

Arrow of time

Correct interpretation
of QM?

Why three generations of
matter?

Mechanism of symmetry
breaking, origin of mass

Extra dimensions?

Shabnam Jabeen (Brown University)
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Chicago and Geneva

Next

60 ° Sevemaya 120

Discovery? ).~ e B

valbard Land 5 = "
[_Nj,],,—.. Zeml\,e\ﬂ_\. {L Yy -

o ol
Ta u £/ Fanels. | N *‘}‘.«L/\/bu/ nd Z
leelang—"  ©en) (:3@ inknd
SSIa

eddom <I)é4 \Sweg |Lma s
w@ : ** 1posO"

Ukrsme

Istand of
Newfoundlard 'mwum . Kazakhsbnn ___Mongola
North "r B m;ﬂ‘uemm N pesn
Atlantic Porugdl. oy " ‘ ?\ % i O
“?,V_/ o . Turkey Tajlisten
Ocean il 2 [0, { Syna : ;
orfcc Tumsla e  Afghanistan chlm
¢ o
5 K“J-_“l r a"(p'ﬂsc’fa;_f Algeria ,_m Egypt ™ Jm" i P'klﬂsn FemiSEST
A f -~ The Westim
\ Mexico Cibamitepe s Sshera \5
b N e & \ \a%baUA:m}n A = "4’"
\ . 2 witani  pgaj
e o Jam e = ( tali Niger
il !::_:;ums Hal 'Rr%efu?: . Domiica cer & Chag  Sudan Tlmhnd Vian <Phlllppmes \
El Salvador Nl " = Batbados The Ganble Eutrg capodsDHE ’
3.~ - irided s Tobogo Guines-Bissl, Guinea Benin ) \ / e G "’éa" pw Vi qﬁ \ ! e
cog.n.c“-\hn enezuela‘ Gure SlemLeoLﬁ:%D E )(_‘I‘ligelia A Ethiopia  / Meives; Q0 B/ il eofemqunis'i{ e
iber - / I
\f'mha“"“" “ghe‘:n::so_ﬁ“’"m“ Uganda Sommalia H Xgam{g > |:1 (s8] [
oy / 4
2 Kerya : ==
D Ecuador \ Sao Tome - Gabon  Rwanday 3 =
Golapags donds é) ,_ﬁ\_\ Shimne )f PA A [ onésm) aI! s
y 4 Congé .Tanzahia Seychelfes ik
| \ Brazil ) 1 Malayi L. =
| \ Peru J | Angola S :
‘ e I Zambi MO b"W‘Z )
'\‘ | Bollwa‘ j Né[m g ( — /
\ | Botswana.| e Indian
| Paraguay ¥ Maurtius r .
2 S cean \
\ | 4 sl \ Australia
| Africa ] !
|
\ South |
\ Atlantic [
| | /
‘ | QOcean J' /
; \ | /
o | o
’Soulheewa o f 7
\by Xmen(ma)c e (r [
/
/
f/
/ y
/ /
o
Antarctica p
o 3 N o 120
Robinson Projection

©19%4 Magellan Geographix®MSanta Barbara, CA (800) 929-4MAP

Shabnam Jabeen (Brown University) BNL Particle Physics Seminar, May 2011



Theorists and experimentalist have been
busy for the last couple of decades

Shabnam Jabeen (Brown University) BNL Particle Physics Seminar, May 2011
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Tevatron

25years ago, first Tevatron collisions in 1985
Tevatron expected luminosity ~ 3x103° ¢cm-2s-1

Now running at 3x10%2 cm2s! almost routinely !

...and this is not the only time when a Tevatron team exceeded S
its own expectations and projections : = &Recycler ™
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For 25 years, the Tevatron has been the only machine at the
frontier... and we have learned much.
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Our Eyes - Detectors
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* All purpos detector
®* Good resolution for track momenta, o
vertex, calorimeter :

* ~90% avg. data taking effeiciency '

Shabnam Jabeen (Brown University)

DO0: weighs 5000 tons, 1s about 12 meters in all

Institutions: 86 total, 37 US, 49 non-US
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Shabnam Jabeen (Brown University)

Production of Fundamental Particles

Cross section:
Total inelastic cross section 1s huge
~60 trillion events in 1 fb!

~ 2 MHz interaction rate

Translate it into rates

bb: 42 kHz

Jets with ET>40 GeV: 300 Hz

W: 3 Hz
Top: 2-3 eventst /hour

pu—)
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10"

Total cross section

1d6

16°
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10-14
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Total inelastic
Tevatron
- mb
bb
-1Lb
W
Cnb 7

tt

:m\

-fb

Higgs (ZH + WH)

100

Trigger needs to select the interesting

120

140

Events
in 1fb™!

1x1011

160 180 200

Higgs mass (GeV)/c2

The key is trigger — that is rejecting as much as we can while
keeping as many interesting events as possible on tape
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Why Look at The Top Quark?

Was discovered at Fermilab in1995

The heaviest known fundamental

particle

~ m,=173.3+1.1 GeV (<1%

precision)

Close to a gold atom
T =5%x10% s <<Aqyep™

Decays before hadronization

Mass close to scale of electroweak

symmetry breaking

— Only quark for which coupling
to Higgs is significant

— May shed light on EWSB

mechanism

Top quark plays special role in
many of the new physics models

Shabnam Jabeen (Brown University)
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Why Keep Looking at the Top?

«» 4500
]

« Even more than a decade after its S
discovery, our sample consists of ~ 1000
top quark events

Number of jets

: Events

— Many of the measurements of top S Total nelastic | in 167
. . . . (SR
quark properties are still statistics g 1d’
L 2 tmb
limited S | b
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Why we Love to Talk About Top?

* Top quark 1s the heaviest known
clementary particle

 Strongest coupling with the Higgs
boson

Top Charge {

Top Spln

Can help answer many question_

* Higgs boson mass? Gioducion
. Inematics

* More than three fermion

generations? ;‘S’%gaggrs

* Charged Higgs bosons?

* New massive particles?

* Do all quarks have the expected
couplings?

e Unknown unknowns??

Branching Ratios

Simply put: top quark sector is one of the best places to look for new physics

Shabnam Jabeen (Brown University) BNL Particle Physics Seminar, May 2011 13



Tevatron’s Research Program

Complemen

- Single top production - ttbar spin corelations

- ttbar FB asymmetry
- W asymmetry

- EW processes and couplings
- High XT gluons

—Y
Hints&

Excesses

- T°, Z’ searches

- Top quark mass

- Ttbar FB asymmet .
L y. Y - Top quark properties
- CP violation in Bs

- W mass

Shabnam Jabeen (Brown University) BNL Particle Physics Seminar, May 2011 14



Things I will Talk About Today

— New physics in properties

* Cross section Yy, ws , /.
b

* Mass \{ . -

* Width

* Spin

* Forward backward assymtery W+

— New physics in couplings

* Wtb couplings t &

e W helicity b
— New Physics in the form of new particles

* ttbar resonances

« 4t generation? (looking for t’)

e Color flow

Shabnam Jabeen (Brown University) BNL Particle Physics Seminar, May 2011



Top Quark Production at Tevatron

Top quark pair production

oq ~7.5 pb

~15%

-~

Single Top quark production

t-channel
o~2pb w
b i
g b
s-channel
q t
o ~1lpb we
7 b

Shabnam Jabeen (Brown University)

Within Standard Model t—Wb ~ 100%

Top Pair Branching Fractions

"alljets" 46%

tHets 15%

L+ets 15%

All-hadronic
(BR~46%, huge bckg)

etjets 15% )
"dileptons” "lepton+jets”

Al

Leptontjets

Dilepton
{(BR~30%, moderate bckg)

(BR~5%, low bckg)

BNL Particle Physics Seminar, May 2011
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What our “Eyes” See

Theory world
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Dectector world

Run 203038 Evt 80788494
ET scale: 91 GeV
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Background

v // MET

* Dominant Backgrounds
— Dominant backgrounds arise from W+jets and bt met'

multijet production ( {+jets channel) and Z+jets \%/\

WWH+jets (dilepton channel)

— When searching for new physics in top sector, SM \mem/
top quark production itself becomes the dominant (BR~30%, moderate bekg)
background

a g

* Signal and Background Modeling

— The SM top pair samples are generated with
ALPGEN for the matrix elements and parton
showers followed by PYTHIA for the hadronization

Q|

— Single top quarks production is modeled using

SINGLETOP based on COMPHEP

— Other backgrounds are also modeled using " g
ALPGEN or PYTHIA except multijet background
which is determined from data

Shabnam Jabeen (Brown University) BNL Particle Physics Seminar, May 2011



Top Pair Cross Section
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Single Top Cross section

2009 Single Top Quark Cross Section December 2009
|
— D@ ec/u+jets 231 ! 3.94 :823 pb
+ l
v w D@ ctjels 48| 3.4 ﬁg pb
tb ‘ |
-0 N t CDF o/u+jets 32/ |  Hed 217 7038 pb
I
M [ +26
AN b CDF # +jets 2.11b ! 50 53 pb
2 1
I\ %‘ Tevatron Combination ! 2.76 X038 pb
re g ninary
N % |
e B B.W. Harris et al., PRD 66, 054024 (2002) -
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| | T S|
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-1
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b o C.L. o e Data .
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2 2] 2 10 B
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% 2 4

s-channel cross section [pb] 8__\_
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Top Quark Mass

...Indeed a very long tale
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Top Quark Mass

Top quark mass 1s measured directly

— 1n different channels

Dilepton, leptontjets, all jets channels

— using a variety of techniques by both CDF

and DO

Both experiments are in agreement

o Top Quark Mass Uncertainty
S | I+jets D@ measurement
é 5: 4 Combined D@ measurement
%“ | A Tevatron combination
g 4 Projected future uncertainty range
iR
o
c
s |
e 3 . \
=
= N
e 2 \\\
= LR Tht o F LR
o : L.\ MM<1%
g 2
- 1 css T ......... echgasss
- 2
g Run 1 vAM<1GeVic
- 16 fbo™
0. . o L
10 1 10

Integrated Luminosity (fb™)

Shabnam Jabeen (Brown University)

Mass of the Top Quark

July 2010 (* preliminary)
CDF-I dilepton - 167.4 +11.4103= 49)
DO-| dilepton - 168.4 +12.8:123:36)

CDF-II dilepton * 170.6 + 3.8 (+22+3.1)

DO-I1l dilepton * 174.7 £+ 3.8 (x29:24)

CDF-I lepton+jets 1761+ 7.4 (+51+53)

D@-I lepton+jets 180.1+£ 5.3 :39:36)

CDF-II lepton+jets * 173.0£1.3 o7+11)

DO-Il lepton+jets * 173.7 £ 1.8 z08+18)

186.0 +11 5(x100£57)

CDF-l alljets
— =
CDF-Il alljets 1748+ 2.5 (+17+19)
°
CDF-II track 175.3 £ 6.9 (+62:30)

Tevatron combination * 173.3+ 1.1 x06+09)

(+ stat + syst)
x?/dof = 6.1/10 (81%)
l I l I I |

150 160 170 180 190 200
My, (GeV/c?)

Measured top mass = 173.3+1.1 GeV

We have long exceeded the Tevatron
goal of 6OM=2 GeV

BNL Particle Physics Seminar, May 2011 22




Top Quark Mass
L o= T My (1+ 2.

\m

» LO QCD: free parameter top
> NLO QCD: dependent on the renormalisation scale M
\\Bwuéflymmdw (foCD :

Ge M, PhA 0 P e, g (g )
fornormalised ponomelens of QCD
T (M), M, (M), my(m), (1) mC(H))mG(H)

the concept of quark mass is convention-dependent!

There are theoretical arguments that our measured mass from MC is closer to the
pole mass within 1GeV. But how close?

Shabnam Jabeen (Brown University) BNL Particle Physics Seminar, May 2011 23



SM Self Consistency

- With Tevatron 10 fb-!:
Pole Mass I W mass uncertainty = 15 MeV
| — LEP2 and Tevatron (prel.) / Top mass uncertainty =1 GeV

---LEP1 and SLD

World average

I Interpreted as
MS mass

10 175 200
m, [GeV]

The top mass depends on My, through loop diagrams (M, ~ logMy,).

Shabnam Jabeen (Brown University) BNL Particle Physics Seminar, May 2011 24



Can we do Anything about 1t?

Yes we can!

No! 1t’s not Obama....
Shabnam Jabeen (Brown University) BNL Particle Physics Seminar, May 2011
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Top Quark Mass from Cross Section

Compare the experimental value for cross-section as function of top mass with
theoretical calculations in pole and MS-bar schemes

3 | \* 1 P o) 3
o 14 DG, L=5.3 fb | 14k DO, L=5.3 fb
~— B N’ _"‘
b | - Sl Preliminar
194 Preliminary © 1ol Y
100\ 10 RN
g- el :..’f. 8_—........."“.__ ..............
o 6_— N, — -
| =—e— Measured o(pp— tt+X) [ N
| —— EXp. mass dependence of ¢ N, - —e— Measured c(pp—s tt+X) i
4}~ —— approx NNLO Kidonakis 4— —— Exp. mass dependence of 5. "X,
- —— approx NNLO Moch and Uwer | —— approx NNLO Moch and Uwer -5
i NLO+NNLL Ahrens et al. - | NLO+NN|LL Ahrenls et al. | I
I T N T TN T T O TN N N N N NN NN AN N NN N AN AN A N N N Y Y N S S N S N N I S
2 150 160 170 180 190 2 150 160 170 180 190
Top Quark Pole Mass (GeV) Top Quark MS Mass (GeV)
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Top Quark Mass from Cross Section

®* We extract the most probable top quark mass values in pole and
MS-bar schemes and corresponding 68% CL bands

Theoretical Measured Mass
Calculation Pole mass MS-bar mass

NLO-+NNLL 163.0+5.4-4.9 | 154.4+5.2-4.5

Approx. NNLO | 167.5+5.4-4.9  159.9+5.1-4.4 | NN-O approx Moch and Uwer

NLO+NNLL Ahrens et al.

Directly measured top quark mass = 173.3£1.1 GeV

® For the first time the top quark MS-bar mass 1s extracted taking
the mass dependence of the measured top-antitop cross section
correctly into account
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Top Quark Width

SM predicts ~1.5 GeV (Mt =175 GeV) Lepton+Jets with 4.3fb!

Arb units

€82 CDF Template based top width measurement oonf - 156V
* Upper limit placed on top width oo ot 100Gy

0.4 GeV < Ft0p< 4.4 GeV @ 68% CL :
Ftop< 7.5 GeV @ 95% CL oo
@@ 0950200 250 n?i.ég"(eewcg)w
® Use t-channel single top quark ;. _channel = 2.14 + 0.18 pb r(t—»Wb) = 1.26 GeV

production and top decay NLO, m, = 170 Gev NLO, m, = 170 GeV
P

branching ratio measurements , :

vb t A F V
o(t—channel) B(t -+ Wb) = 3.14i8;§3 pb t b / 3> tb
p // P(t — Wb) N
405 Ft —

~ B(t —» Wb) <—— tt production
B(t — Wb) = 0.96215 ggg(stat) Zggsa(syst)
assume that coupling in top production and decay is the same

T(t — Wby
sitzchannclem Ty = 1.99%0%2 GeV| | = (3.2733) x 107 s

['(t — Wb) = o(t—channel)

=% most precise determination

Shabnam Jabeen (Brown University) BNL Particle Physics Seminar, May 2011 28



Spin Correlation 1n ttbar Events

® In top pair production at hadron colliders, their spins are q tTevat([gP
expected to be correlated >1m< "/ -

* Observation of spin correlation will place upper limit on 3 : = ’2: e
top quark life time ~85% i

® Scenarios beyond the standard model predict changes in
production and decay dynamics to change effect of spin o ¢ LHC t
correlation ¥ |

* Complementary to LHC W & %}7:; ='8

arXiv:hep-ph/9811219v1 ¢ ’ ~90%, t t

Spin direction ‘ b
®* Maximum correlation for charged lepton or down
type quark

— Use dilepton decay channel

® (Choosing the beam momentum vector as the
quantization axis

The NLO QCD prediction
b —0.40 C = 0.777+0.027-0.042

Ve, U, Or ¢ —0.33
(.d, or s 1.00

Decay product Correl Coeff.
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Measuring Spin Correlations

* Using templates W —
g p Zg " - = tt, SM spin corr.
g : - E  — %, no spin corr.
v quantization axis - mmzy o
[ —— Diboson
C E 50 F~ — Multijets

40

I

20

10

° Usmg matrix element spin of the top e N
. ‘C’ — 0.1010-92 (stat+syst)
g D@, L=5.4 fb™
£100-{ —— Data
2 ]—tiSMspincorr. |
80 tt no spin corr.

B measured tt

60—: I Background

P (H = ¢)
~ Pyn(H =) + Psgn(H = ¢)

40-

20

03 035 04 045 05 055 0.6
R

Exclude the hypothesis that the spins of the
t"t are uncorrelated at the 97.7% C.L.
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Ay, 1n Top Quark Events

®* SM predicts no asymmetry in LO in QCD — NLO
prediction 1s 2+1%
A — N(Ay>0)—N (Ay<0)
fo = N(Ay>0)+N(Ay<0)

. . . . ! ) .
Large measured asymmetry would indicate new physics —h Ap=FTp
The asymmetry gives us a window into many types of potential
new physics: Z' — tt, Axigluons and extra dimensions.
For Axigluons, can potentially get a limit of 2 TeV or more.
2 — p20 NLO e -
gms - ;MSO ...................... ...................... < 0.8E- : mf?:‘:;gev
Zp650 - M, = 2000 GeV
02|- - igggg S 0‘65_ ® M, =5000 GeV
- Zp1100 0.4
015: ...................... .......................... 021~
o o @ 9 $ \ #
C -
01:_§ ...................... ............................. g '0‘2:_ .
- 0.4
: : -- : : ; 1 : - "
0‘05; ...................... ___i---l ...................... ............ L IR ! -0.6;— ® ]
- ety : : ' 0.8
oEd=gms= T P "ENE PN IV EPENE PP AN SR
3 - 400 500 600 700 800 900 1000

M, [GeV]
The Tevatron Ay measurements are complimentary to the LHC
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Ag, 1n Top Quark Events

PTTTTTTTTTA L, =0057+0.028

arXiv:1101.0034v1 [hep- ex} S g £ 450:-  data o011 0008

<5l NLO tf bhg i 400F- -gk+ bkg Ag=-0013+0002

: I asok g I + Agyg = -0.005 +0.008
.o 04 = 1 3
MCFM predictions of 0.039 +£0.006 ¢ + 300k E
03— F 7
A% (|Ay| < 1.0) = 0.026 £ 0.118 o2 JF 2500 E
tt , _ E — o i
A" (|Ay| > 1.0) = 0.611 £ 0.256 b fﬁﬂ + —+- ]
A%(Myz < 450 GeV/c2) = —0.116 £0.153  of =g 100k E
A% (M > 450 GeV/c?) = 0475 £ 0114 B . ]

350 400 450 500 550 600 650 700 750 800
Mg(GeV/c?)

% current preliminary result:

N
(3
(=]

Afb = 8+4(stat) 1(syst))% for 4.3 b ! of data % :_lTo? pairs D@ Run Il Preliminary
g Wt L=431b"
2007 | W Mutijet |
Disagreement between top | o Data f
pair pT for data and o

simulation Hint of new
physics beyond *
SM?

/ \
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W Boson Helicity

®* Model-independent measurement of the W boson
helicity from t=> Wb decays in top pair productio

* Inthe SM, the top quark decays via the V —A
charged-current interaction, almost always to a W
boson and a b quark

0.8

0.6

0.2

Shabnam Jabeen (Brown University)

0.4}

Do, L

=541fb"

(b)

® Best-fit value

* SM value

68% and 95%
- C.L.contours ™.

...................................................

The most
precise such
measurement

Negative

Helicity
f=0.30

1
i

Longitudinal

Helicity.

Positive
£,=0

I

‘D 0.8 [ - |eft-handed
= g i = longitudinal
- L right-handed

% 0.6 5 —sgm (SM)

0.4
0.2f
0 v o —esy 1 i A
-1 -0.5 0.5 1
cos 6

fo =

f+

0.490 4 0.106 (stat.) £ 0.085 (syst.)
0.110 £ 0.059 (stat.) + 0.052 (syst.)
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W Helicity and Anomalous Couplings

General Analysis of Single Top Production and W Helicity in Top Decay

Ren, Larios, and C. P. Yuan (PLB 631, 126 (2005)) g oo
8 w-n L ‘R 8 -7 uv( pL ‘R
L,W,,:ﬁwyby“(f, P+ PR)r—ﬁ—ManWuba“ (f/ P+ :thc\f
where,inthe SM L ~ 1, f = fR = fF =0 o
Combine W helicity measurement in top pair decays
(PRL 100 , 062004 (2008 )) Foms =1 (K511 1)
Fomen = (S E)

with
Anomalous couplings measurement in single top
(PRL 101, 221801 (2008))

A, s = A0, (115 1)
Ao-t, meas AO-t (fiL ’fZL ’fiR ’f2R)

o ] o 2 DO,L=1fb"
€~ 7 @Measured Peak - I @Measured Peak o2 |
=" 50 Breliminary ) BB Preliminary seo CL - e Only 1L and f{R
r 68% CL L % 1 .
1.5[ B0 cL 1.5[ PoocL i = Only f;L and f;&
- - 0.8
L 95% CL L 95% CL C
L C L 0 i . e Only fiL and /2R
1— 1— L12 0.6 .
0.5~ 5F 02t
I 0 5: L Ty
@ 0; i 77777777777777777777777777777777777777777777777 i‘:
4 P T TR
3 le2 % 1 2 3 L 4 0%2 0 02 04 06 08 1 12
Ity It f
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Search for 4" Generation Heavy Quark

Search for fourth generation quark, t’

Shabnam Jabeen (Brown University)

102k

10%

More massive than top quark

assume m,.

100%

—m,-<my, and B(t’>Wb) =

@10TeV 200/pb muon-tjets only CMS can

exclude M,;<400 GeV

)

100 200 300 400 500

)
= DQ, 5.3 fb
c |
S 1t
"6 L
@
»
o
7]
o
010t
- — theory
. — 95% C.L. observe
" B o504 C.L
= data 10% 500" Mot 30(:)xpeCt?d 00 500
|:]t t’ 325 GeV t’ mass [GeV]
[ Vb/ Z+jets CDF Run 2 (5.6 fb"')
] mU"l]etS R Preliminary
= t'—=Wb, = 4 jets
I::l-: HT VS. Mreco VS. Njet
1
2 0.1 observed 95% CL 1
®  |range of upper limit
I expected 95% CL
upper limits
0.01¢ theoretical prediction
1 Bonciani et al.
200 250 300 350 400 450 500
mfit [GeV] t’ mass (GeV/c?)
BNL Particle Physics Seminar, May 2011 35



Search for Heavy Resonanaces

* Top-antitop resonance
— Search for excess in ttbar invariant mass distributions from Z’ boson

— Analysis just started but since basic selection and systematics samples can be
reused from t’ analysis we should have a publication soon

2 @ D@, L=3.6 fb" = Data - SR AR AR A Y AR AR AR AR
S02E Prelim. [ ]Z (650 GeV) 2 1.2 . -=Observed limit 95% CL ]
N F —~ F ._ ]
E - # B % 1+ , - Topcolor Z' (CTEQSL1)
& ol + Wajets ~ S ‘— Expected limit 95% CL ]
w e Jr Other MG & F D@ Runll, L=3.6 fb" -
- Multijet 0.6 Pi“gliminary ]

16 ﬂ 0.4 . -

- 0.2f- -

1 ',.1.1....1....1.,..|....1....1..".':’1,...:

107E %00 200 500 600 700 800 900 1000 1100
0 200 400 600 800 1000 1200 M, [GeV]
M, [GeV]
® Possible future searches with ttbar signatures
b’ search
ttH search

Charged Higgs
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Color Flow

* Jet shape influenced by color flow Gallicchio,Schwartz, PRL 105, 02200(2010)

phi

* Shape influenced by direction of color flow!

— Distinguish processes with same final
state

q

g t b
- b

q t

Test if singlet @ J oL

or octet

Q|

T Ogpd T
6> rel q
Fraction of singlet=0.56+0.38(stat+syst)+£0.19(MC stat) § 28 - DO, L=5.3 fb°” -~ g?tal t
= o ingle
Expected: Exclude octet “W” @ 99%C.L. gg e — % e
0 = Wit
. 50 B e +jets
Expect fg;,g,=1 1n SM 40 B Multijets
30
First study of color flow in tt events 20
10

First extraction of fSinglet . D e

- - - 15 2 25 3
(using only color flow information) Minimumm relative jet pull 6
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Summary — A tribute to Tevatron

e The Tevatron has taken us far in understanding the SM

* The degree of sophistication of object algorithms, analysis techniques and tools
developed at the Tevatron will used by next generations. These advances will of course
migrate to the LHC experiments.

* The legacy of the Tevatron will be in 1its discovery and elucidation of the top quark,
W & Z physics and perturbative QCD. It still has a critical role to play in the Higgs

story.

Tevatron could exclude or discover Higgs in the entire mass range
favored by the electroweak fits

Tevatron has already shown how ‘“almost impossible” can be made possible!

* May be some hint of new physics?(only part of data delivered has been analysed yet)

......... as far as top quark is concerned while LHC will be able to test
most of the properties in detail, the legacy mass measurement and
complimentary measurements at the Tevatron will still be relevant
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* Itis a great time to be a physicist

®* We had two revolutions at the turn of last century — these revolutions
changed the way we look at our universe

® There are again many questions unanswered and hints will come
from experiments

® With Tevatron producing exciting results, LHC finally coming online
and many other experiments from under ground to outer space are
giving me hope that revolution is 1n the air

Good luck to us all!!!!

‘Good Luck-Fairy
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LHC

Conceived in the 1980s and approved for construction by the CERN Councﬂ in late 1994

Total [ntegrated Lum|n05|ty 2010 (Mar 30 10:00 UTC - Nov 03 00:00 UTC)

50

—_— Dellvered 47.03 pb™'

L pb~!

— Recorded 43.17 pb~'

3

o

92°/odatatak|ngeff|c:|enc

10 [ e I T (IR

a ; |
29/003 12/05 25/06 21/09

Shabnam Jabeen (Brown University)

e .,a<A’LI,CE‘ S

LARGE HADRON
COLLIDER

ONE RING TO RULE
THEM ALL
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proton - (anti)proton cross sections

RN T T 10
g_ S, '% 10°
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] / 1
110
E . ‘ / E
- GF‘(ETF‘ > Vs/20) \ - 10>
3 — E
1 %w ? 110
- . E
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E it / q10°
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= N__— 3 10"
. O, / ? 4 10
% 110°
L (B> sla) 1 10°
[ 6,,.(M, = 150 GeV) 1100
5
E Gy(M,, = 500 GeV) \ 110
1l r el | f 10"
0.1 1 10
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similar size of electroweak samples: top, W, Z
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PRV B

mdmmn Fam

Produced number of events

10

10

Tevatron (16fb  @2TeV) vs LHC (1fb ' @7TeV)

10

7

mE
i
—

10°

1

10

0

10
Standard model ttbar cross
section at 14TeV is ~886pb

e Expected number of top
pairs ~9x106 / year

e Total number of pairs seen
at CDF is ~35000

BNL Particle Physics Seminar, May 2011

41



B Jet Identification

* B-hadron lifetime v~ 1 ps

— B-hadron travels L, ~1 mm
before decay

* Combine properties of
reconstructed secondary vertices
and displaced tracks in 7-
variable network

@ 600
T L=0.9fb" -+ D@ Data
s B

; 400 .other

2 " Wijets

3 B Multijet

200

1 >2
Number of tagged jets

Shabnam Jabeen (Brown University)
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Jet

Displaced tracks

Decay lifetime

-~
Lxy 1 //okecondary vertex

Primary vertex >/
i
4
do" v
Prompt tracks 5
Tagger
- NN
€ ool + JUP
> m._ .......... ccceses - 1
[3) ¢
o i : :
¢ NN
- 70 .........................
50
2
8

& &

34 _
ot fake rate ~1%
30| .
p,.>15and Ally | :
m_. I e | e o e | goeoegeeeefeciigeren g ey, | "
0 2 4 6 gk R1tg(%)
' ake Ra
1515)
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rome N:(p) — Ni(p) Charge asymmetry: number tops and anti-tops

i Nz(p) -+ N{(P)

in a given direction (proton beam)

P N:(p) — N:(p) Forv;ard-_backwardkasymm.etrzz number.of top
= N.p)+ N(p) 2nd anti-top quarks moving for or against a

given direction

For CP invariant system Ngp)=N¢(p)

NAy>O _ NAy<O
Aspp =

NAy>0 + NAy<0

Ac=Afb

Ay=y(top)-y(anti-top)

Shabnam Jabeen (Brown University) BNL Particle Physics Seminar, May 2011

43



Shabnam Jabeen (Brown University)

u

Cl

Proton beam remnant

2
ah

Color oo
Reconnection

(example)

ntiproton beam remnant
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example: charged Higgs with my, < mg - my

t-channel cross section branching ratio t=>Wb

Increase

th

Shabnam Jabeen (Brown University)

b

o(t—chafinel) I'(t — Wh)gy,

B(t — Wb) o(t—channel)gy
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beamline: A =0.777 at NLO
best for production at threshold

helicity: A =-0.352 at NLO
use direction of (anti)top quark in
tt rest frame to quantize the spin

Helicity angle: angle between decay product momentum in top
rest frame and top quark momentum in tt rest frame

tanw = /1 — f2tan(

off-diagonal: A = 0.782 at MCNLO
good for pairs above threshold

Bernreuther, Brandenburger, Si and Uwer et al,, Nucl. Phys.B 690, 81 (2004)
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ME method details

Normalization Differential cross

acceptance section based on LO ME

& efficiency i

1 Y \
Py(x;m,, JES)= fd"a(y,m,‘ dq,dq,f(q,)f(q, |W(x,y,JES)
~_ o(m,)

| | X
Probability to observe Initial state i
a set of kinematic Probability distribution Pr;rt::tr;isl)ics ffog::::;zm
variables x for a given that a parton will have x when parton-level y
mass and JES a momentum q was produced

a Integrate over unknown g, q,, y

# The jet energy calibration (JES) is a free parameter in the fit,
constrained in-situ by the mass of hadronically decaying W

POVCI]t(w; myg, JES) = ft Ptf(m; myg, JES) ar (1 — ft)Pbkg(ms JES)
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O Use the same selection as for W
O SM production is strongly suppressed
O Can be enhanced by FCNC

» coupling of t to up-type quark U via y or Z
O Background:single W production

0 (ep—etX)<0.25 pb 474 pb- e
G(ep—betX)<023 Pb llki‘ 277 pb"! Z,M-_ (

06

10~ H1 Electron Channel

0N

5
i anomalous to u,c -

a | P TEVATRO Y
i top - v, 02

197’ 1z

HERA | +HERAII, ZEUS, 359 pb"!
kewy<0.13
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T f D2,531m" T [ D@, 5.3 tb™
[ 1 5‘ ] 1 2

c : C : b)

o i O [

§ 1 - § 1 -

n10E »wn10'F

o p E—theory

g g -=—95% C.L. obsewed

| - S -— % L

S 1a2l = 95% S = 95% C expecte

-2 P fe oo
107500 300 ~400 500 107 200 300 400 500
t’ mass [GeV] t’ mass [GeV]
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W Helicity and Anomalous Couplings

2: | b 2 A
1g D209fb (b) 18 D@ 0.9 b ()
16 16
14 14
1.2 1.2
oL I o £
A |f2L|2 < 05 ‘E;“‘ 1 |f2R|2 <03
_ 0.8 0.8
E 0.6 0.6
X 0.4 0.4,
. 0.2 0.2
o | 'l“,”-nln--n 0 L coe | R Ll L 0
005115225335 4 0051152253354 0051152253 35 4
L L2 L2
i it It
v 92 = ] o 2 oy N2
:.;" 2 DO Preliminary @Measured Peak < DO Preliminary @measured peak :=N ‘:DO Preliminary @Measured Peak
68% CL I 68% CL i 68% CL
BooxcL 1.5 WooxcL 1.5[ BooxcL
Bos%cL Wos%cL [ BoscL
1 1:_
<1.0 : |f2L|2<O.3 ! |f2R|2<0.2
0.5" 0.5"
3 % 1: 2 3

4
L
i1
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Top Quark Mass from Cross Section

® The Top quark cross section
measurement allows for an

indirect measurement of the top

mass using the top-mass

dependence of the cross section

® This dependence is different for

different top mass schemes

- SO we can investigate these

differences experimentally

Pole mass and MSbar mass can be

onverted into one another

Shabnam Jabeen (Brown University)

10—
8-'-— .........
61— —®= G(pP— T+X > l14X) o
- —— Exp. mass dependence ™:.:.)N
i NLO+NLL Cacciarietal. ™o
4 — NNLO approx Moch and Uwer '~-':;_.:..
- —— NNLO approx Kidonakis et al. "
2—1 1 1 l 1 L 1 1 l 1 L L 1 l 1 1 L 1 l 1 1 L 1 l L
150 160 170 180 190
Top Mass (GeV)
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Top Quark Mass from Cross Section

* The experimental cross section is fitted as a function of
the top quark mass

/ 1 '
almi) = Geyale +b (mit - mo)
't

+ ¢ (mMC —mg)? +d (mMC —mg)?]

* A joint likelihood is calculated
Gaussian uncertainties for experimental measurement

Renormalization and factorization scale uncertainties on
theory calculations are taken to be flat and changed
from m,to m/2 and 2m,

PDF uncertainties are taken to be Gaussian

L(my) = /fea:p(U\mt)(fscale(ff!mt)*fPDF(U\mt))dU

® Input MC mass 1s assumed to be pole mass 2

Measurement is repeated by assuming input MC mass
1s MS-bar mass instead

Difference is taken as additional uncertainty

DG, L=5.3fb "

Preliminary

NLO+NNLL Ahrens et al.

150 160 _ 170 _ 180 _ 190
Top Quark Pole Mass (GeV)
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