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Anomalous Top Quark Production: Tevatron
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Anomalous Top Quark Production: Top Quark as is ?

A few words about Top Quark:
The heaviest (and the point-like) quark: Mtop = 173.1 + 1.3 GeV

(Tevatron March 2009 combination)
- has a mass on the same order as the EW symmetry breaking scale

Top Quark decays before hadronization
Tmp=4'10_25 sec , Thadr=3.3°10_24 sec I g

Top Quark decays through ONE decay channel W &
t — bW 7T, BR(t — other) < O lU_:"’)t —

- spin information of the Wib vertex

Many of the SM extensions explain the large Top mass by

allowing the Top to participate in new dynamics

Top Quark is the good candidate to test the SM

- and search for the possible deviations from the SM
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http://tevewwg.fnal.gov/top/

Anomalous Top Quark Production: main processes

The main Top Quark production processes at Tevatron:

« Pair production: cross sections
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« Single Top production: cross sections
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s-channel tb

t-channel tgb
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http://prd.aps.org/abstract/PRD/v74/i11/e114012
http://prd.aps.org/abstract/PRD/v78/i3/e034003
http://prd.aps.org/abstract/PRD/v78/i1/e013004

Anomalous Top Quark Production: BSM directions w

The New Physics can show itself eighter in terms of
- new particles

- modified couplings changing the cross sections of the existing
processes and some distributions of SM processes

<~ Anomalous top production and decay

FCNC \
Top couplings

DIS5-2010



Anomalous Top Quark Production: FCNC

FLAVOUR CHANGING NEUTRAL CURRENTS (FCNC)
change the flavour of the quarks without changing the charge

SM: absent on the tree level but do occur at higher order in

perturbation theory through loop diagrams
can be realized in extensions of the SM

through photons, Z-bosons, gluons

SM
B(t—>cg) 5-1074
i W B(t—cy) 5 1075
Bt »cz) ~1078

e limits for the FCNC processes involving photons and Z:

from HERA and LEP

two-Higgs
107°

107"

10~

SUSY
107°

1072
10~
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Anomalous Top Quark Production: FCNC

« CDF and DO are looked for FCNC processes with gluons

C
\ . Effective lagrangian \ Kat
A MO =

Dt % e F—=

g Hf-ug B P”" Aﬁf( ffc_; _ PW Aﬂlf( } fé
9s A ? }uu_hj‘? Va ? }uu L.C.

G: gauge field tensor of gluon

K : strength of fiug or ftcg couplings
A: scale of new physics
\ related to the mass cutoff above which
the effective theory breaks down
e Results from DO and CDF - limits on FCNC parameters
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Anomalous Top Quark Production: FCNC at CDF
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NN input variables for the anomalous top-quark network:

Event Fraction

+ 2.2fb "
* the first one at the Tevatron searching

for 2->1 process
u(c)+g -t >Wb—lvb topology

®
« apply NN
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Anomalous Top Quark Production

* NN application to the observed events:
- output distributions of the observed events are compared to the expected distributions

- the templates are fitted to the observed distributions to determine an upper limit on the CS

Wai1ldet 1Tag  CDF Il Preliminary 2.2 fb ' M anotop Wai1det 1”Tag  CDF Il Preliminary 2.2 fb'

50 dsingle top
40 Tt _ _
10 + 4.4+ Emgmwﬂ:
20 -wq_q

10 B Diboson
O Z+jets
mQcD

« data

Candidate Events
Candidate Events

MC normalized to prediction
MC normalized to prediction

-1 -0.5 0 0.5 1
NN Output NN Output

The predicted and measured distributions for the case

(left) no anomalous top-quark exists ; (right) anom. top-quark has CS of 1.8 pb

obability Density

CDF Run Il preliminary

* Upper limit on the CS of anomalous single-
top quark production at the 95% C.L.:

o(u(c)+g—1) <18
DIS-2010

J-Ldt= 2.2 "

o
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anoTop < 1-8 Pb at 95% C.L.
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Anomalous Top Quark Production: FCNC at CDF

« converted to coupling limits:

CDF Il Preliminary 2 2 fb CDF I Prellmlnary 2.2 fb™"

W
W

[  —theory, NLO
| — upper limit @ 95% C.L.
| [ Jexcluded

|  —theory, NLO
| =— upper limit @ 95% LC.L.
. [ Jexcluded

oMO  BR(t-> bW) [pb
oMLO  BR(t— bW) [pb)

0.03 0.04
1< /A [TeVT]

|
-

K tug /g\ 0.018 Te\/_1 ASSUIMING Kt eq

hmy,/i\ 069 TeV~! assuming Ktug = 0

* limits on the FCNC branching ratios
B(t —u+g)<39x10"* Bt —c+g)<57x107?
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Anomalous Top Quark Production: FCNC at DO

« 230pb

e t-channel processes 9 oap,. t u,c t
 |epton + jets topology g

- 2 set of signal events: g .5 5= . -

- one anom. coupling set to 0.03 and another set to 0.0

- scale the distributions to obtain them at any other value of couplings

* NN for separation of the expected signal from the background

—
]
T

]
]
T

e
-
[

o arhitrary unitg,
e 5 :
o

o
=]

0.04|
0.02

%5
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« good agreement between the observed £ =N cam
25 I SMtb
lepton+jets data with the predicted SM-bckgr. = Wajets

» set upper limits on FCNC couplings *

Anomalous Top Quark Production: FCNC at DO

(using Bayesian approach)

(k4/AY [TeV?]

B multijet

8 = 75
0.003 1 :495% CL —— NN output
DO 230 pb E90% CL Distribution of NN outputs
68% CL
0.002;
TABLE V. Upper limits on x5 /A and «§/A. at 95% C.L.
0.001; Observed (expected) limits [TeV ™! ]
E K:’;/z\ K‘g/f&
= Electron channel 0.16 (0.19) 0.046 (0.052)
%001 002 0.03 0.04 Muon channel 0.21 (0.21) 0.049 (0.050)

(/AP [TeV2]  Combined 0.15(0.16)

Exclusion contours at various
levels of confidence
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Anomalous Top Quark Production: W' origin 4

Heavy gauge boson

models of top-flavor models

Universal Extra Dimensions Malkawi et al, Phys Lett. B 385, 304 (1996)
Datta et al, Phys. Lett B 483, 203 (2000)

Left-Right symmetric models
Technicolor models Pati, Salam, Phys Rev D 10, 275 (1974)

Chivukula et al, Phys Rev D 53, 5258 (1995) ~ Mohapatra, Pati, Phys Rev. D 11, 566 (1975)

composite models , Little Higgs models
Grand Unification Theory

13
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Anomalous Top Quark Production: W' theory 4

Effective lagrangian of W' interaction to fermions in model-independent form:

g, V T
sy i
i \/*gwq yu[ (1+Y5) (1 Ys) W' U et
aiqj : asi q /eft and right couplings of W' to fermions
e
T - Standard Model weak coupling constant
= Sin (0) R

e Different scenarios of W' interaction to fermions:

Left-Handed W' Right-Handed W' Mixed case
(SM-like couplings)

L L _ R __ L _ 1 R _ 1
aq q; 1’aq q; O aqiqj_o,aqiqj_l aqiqj ,aqiqj

My, >M, ; M, . <M
DIS-2010

Vg
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Anomalous Top Quark Production: W' at CDF

1.9fb "

modeled the Left-handed and Right-handed W' “ t
W’ — th — Wbb — lvjj (W+jets) topology

many features from the single top analysis q’

T

neglect interference between W and W' in the s-channel
performing ensembles of the pseudo-experiments with
comparison of the agreement of two hypothesis with Poisson-

B single Top
tthar

fluctuated data (pseudo-data) .

1) null hypothesis: all pseudo-data described ]

by the SM as characterized H

by the background model

2) signal + backgr. hypothesis: all pseudo-data ; M:;-smg E. (GeV)

are comprised of the SM background plus some fraction of W' events

15
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http://www-cdf.fnal.gov/physics/new/top/2007/singletop/Wprime/Public_2fb.html

Anomalous Top Quark Production: W' at CDF

* including all uncertainties in the model results in the expected

| CDFRun ll: 1.9 fb™ |

upper limit on the cross-section e o e et i
. 6t 95% C.L. limits on the o x BR(W' — tb) "\ il
for Right-handed W' with SM-like couplings % " \\ TR
Jos B
A results %o_e%_......... _______ \\ ______________ -
My > 825GeV /> M, . <M, W' 5(',2” ; L.ﬁ‘;‘i(;et‘j’é’%'*"i’“ B

 relaxing the assumption of the universal weak coupling, CS limits

can be rewritten as upper limits on gy,
gW<W'_)<O'4'gW(W> |
e resonant tB production between 750 GeV and 900 GeV is found
to be less 0.28pb.

16
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Anomalous Top Quark Production: W' and DO k

/o |

q t t 1
w+ w’ e 0.9fb

VAVAVA ¢
+ PRL 100. 211803 (2008)

b b

Q]

e considered three scenarios of W' interaction to fermions:

1) SM + purely left-handed W' , 2)purely right-handed W', 3) mixed case

= 1w Miv,) < M(W?)
e Interference of W and W' S J-wi Mo > mow)
= 2109 M- i
in the s-channel has been taken = 1 B |
| L
into account i
- destructive influence on the CS ' 3
» squared matrix element of the process: ' [, e IS .
L] 200 400 &00 800

MMass [(GeV]

2 K ik
|M‘ = @—I—Z-aud-atb Interference of W and W' —|—

17
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Anomalous Top Quark Production: W' and DO w

» s-channel single top production is included in the background
only for Right-handed W' search

- for Left-handed W' search single top production is the part of signal
. Reconstruct Vs

Fa) DO 0.9 fb! T b) DO 0.9 fb"' e distribution for the data and

""" W' 700 GeV
— W' 800 GeV

10k o 800 Gev the SM-background:

ﬁ 1['_'|2 E— s || s_ingle top ﬁ ] 3

S F £ = Wots S J mi a) Left-handed W' signal,
T 10F multets @ 10 muliete b) Right-handed W' signal
§ ] for two

w w

different masses,

B S Rl D normalized to the
0 200 400 600 800 1000 0 200 400 600 800 1000 NLQ prediction

\l@[GEV] \E[GEV]

» observed distribution in the data is consistent with background
prediction within uncertainties and show no evidence for the

signal

10"

« set upper limits on W' masses for different cases

18
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Anomalous Top Quark Production: W' and DO w

(o) I 1 ! .
* set 95% C.L. limits on the W' masses:

E |1 DB 0.9 b’ —®— Observed limit o 1 DO 0.9 b —&— Observed limit
— 3 (a) ---m--- Expected limit 2 3 ] (b) ---m--- Expected limit
3z —a— SM+W’ NLO (M, < M,,) =z 2 »— W NLO (M, > M,,)
1 ] with W/W’ interference ? —i— W NLO (M, < M,,)
c 1 - ] no W/W'’ interference
E 2 - E 2

m ] o 1

X | ®

'3 1] ; 14

T ] T )

| & ] | S 1

g e

e oLl . . . o ol : .

600 700 800 900 600 700 800 900
W’ mass [GeV] W’ mass [GeV]

M(W’) > 731 GeV (SM-like W’)
M(W") > 739 GeV (right W’, decays to quarks and leptons)
M(W") > 768 GeV (right W', decays to quarks only)  "*{>°&"

e set 95% C.L. limits on the ratio 1

=
=
o

of coupling constants: L Curet k<
gW(W'><O-68<O-72>gw<W> ol nT:W!W'interfelrence |
for M, > M (M, <M,.); M, =600GeV ey
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Anomalous Top Quark Production: H+ ?

e WS T I s, I T I s, IS I A e I S T S I e T s S I I Sl sl S L “

Charged Higgs Branching Fractions

 S-channel production of Charged Scalar S e —
t . 5 2 H+ Y
+ 1 - Y ] L+ Y %10-1; ’
__I_-I__\ ,C- = H-I_QE (}L ( 2 )—I'yﬁj( 2 ) q_} :';; ";.o :.L”‘,/‘c‘i‘/H+_>H0W
. 091b e
e Various types of 2HDM are < 195 _
D Excluded region 2HDM Type |
distinguished by their strategy ) Region where analysisis not
£ 190+ valid (I, > 50 GeV) |
for avoiding FCNC =
Mg+ (GeV)|tan3 < 0.1 tanf=1 tanf=5 tang > 10 185 ,
180|129 (11.4) 14.3 (12.2) 13.7 (11.7) 13.7 (12.2) |
200 |[5.9(9.6)] 6.3(9.9) 6.5(10.0) 6.5 (10.0) 180 |
220 |[29(42)] 30(44) 30(45) 30 (45) DG 0.9 fb'
240 |[23(3.1)] 24(33) 26 (35) 26 (35)
260 |[3.0(28)] 3.0(29) 3.0(30) 30(30) 10 20 30 40 50 60 70
280 |[4.0(26)] 42(27) 45(29) 45(29) tan 3
300 [[45(24)] 47(24) 49 (25) 49 (2.5)
20
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Anomalous Top Quark Production: AnomWtb w

 Effective Lagrangian in model-independent
form: vector left and right couplings

( o, R

Ly = 2 W, b+ (f FPL+ P R) l
V2

g

V2 My

W, bo (fsPL+ f3'Pr)t + h.c.

tensor left and right couplings

P, x=1/2:(1Fy;) | g =Ry )

2]
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Anomalous Top Quark Production: AnomWtb in DO § *

0.9fb '

look at two couplings at a time and assume that the others are negligible
consider three cases

- allow the left-handed vector coupling and any one of the others to be non-zero
use boosted decision trees to discriminate between signal and background

- different composition of the signal samples for each scenario

- : 80F ;

The same variables as for DO single top & P20¢ ' e data
o
observation paper @ 6ot
5 50
- plus lepton Pt (helps to distinguish ‘5 40
- - . W, 30¢
the signals for the different couplings) 3 20
> 10f

i Hl--n T T e -u. i i
%20 20 60 80 100 120 140
Charged Lepton P, [GeV]
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Anomalous Top Quark Production: AnomWtb in DO "

100

Yield [Events/0.1]

40[
o

% 01020304050

:‘ DO 0.9 ' +data
gt
r —f
F 4 =4 -t

T

120/ D@ 0.9 b’ o data 160 pg 0.9 b * data
= I (b) fi(=1) = 1405 () fi(=1)
g 100 bkg S 120 —+— bkg
o o 100F —f}
L 4 oo £ 100} S
- + 1 = B 2
W, 60 l-'_-'. - .
) C g 60
e 40 [ r
> > 40f
20- - % a0k o e--d
i : £ I - e b o o TFIFE Lo,
9 1 % 010203040506070809 1 % 010203040506 0.7 0809 1

Declislon Tree Output

Declslon Tree Output

Declsion Tree Output

Representative output distributions for the data and the sum of SM signal and bckgrds
« compute 95% C.L. Upper limits on anomalous couplings

Scenario Cross section Coupling
(Ly, Ly) 44135 pb 1P = 14758

|f5[> < 0.5 at 95% C.L.
(L., R 52728 pb IfTF =185

|f®]* <2.5at95% C.L.
(Ly, Ry) 45133 pb [fIP = 14703

I/ <0.3at95% C.L.

2

f DO 0.9 1" (a) 2 Do (b}
:‘: 3 #® max posterior '
1.4F 68% CL contour
1.2k 80% CL contour
e A B 95%: CL contour
= sk
06E
0.4
=
b osY 152253354

L2
1

%05 1 %5225 3 35 4

e

Plots of the 2D posterior probability density for

left-vector and left-tenzor couplings

DIS5-2010
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Anomalous Top Quark Production: Top couplings w

.« 0.9fb Phys.Rev.Lett.102:092002,2009.

« combination of the DO results for W helicity fractions in tT events

with information about single-top quark production

 investigate one pair of couplings at a time - the others have SM values

_ (b)
DO 1fb" e Measured Peak
[ Ces=: C.L.
Moo= C.L.
Mas=:C.L.

=

I%F — . ———
Scenario Coupling Coupling limit if fir =1
W helicity prior (a) and final posterior density (b) (L1, R1) | flj; °= 127705 .
For right- vs left-handed vector coupling . I::I" ||2 < ;J-g?mm |[fi'[" < 1.01
« 95% C.L. combined limits T e <032 pE2 < 0.8
(L1, Re) | fr |2 = 1042555
on anomalous couplings fE[ <023 |f' <023
24
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http://prl.aps.org/abstract/PRL/v100/i6/e062004

@ Anomalous Top Quark Production: t' search

4.6 fb~ ' CDF likelihood search

103 CcDOF Run =z (4.6 fb-) + Observed 103 CDF Run 2 (4.6 fb-)
F Preliminary T 3 Preliminary $ Observed

= F T = 102 3
= q02 vW+jets, EV P
=3 mm aco 2 VV+jets, EVWV
= +* T (450 SeW) = 10
= =
o> 101 a
=
o & 100

20
= 1 1 ]
1 i ii‘l‘ 7T - = o I I T ) L S
SRR FLA ! ¥ = s °f
1 J[ = =20
o ToTe TeTe: =55 soo o 100 260" 360 300 S00
Hy (GeWw) reco (SeV)

Distributions of HT (left) and Mreco (right)

showing expected signal contribution for a t' mass of 450 GeV.

« exclude the standard model ~ COF Fun 2 06 15
. _% '} I;fcvrr;l’n;rx jets
forth-generation £ Hr V. Mroco vS. Niet
t'_quark With maSS beIOW 335 GeV - ii)F()‘:;;crtl?::]i?g):\:'::(:_retical prediction =
at 950/0 CL 200 250 300 350 400 450 500

t' mass (GeV/c2)
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Anomalous Top Quark Production: Conclusion

« Tevatron demonstrates a good agreement with SM predictions.

- there are no any evidence of deviations from the SM in top physics.
» Tevatron searches for anomalous Top production:

- the limits on the anomalous cross sections, W' mass, FCNC
couplings, AnomW1tb couplings, t' mass.

e we expect more analyses in the nearest future statistic.

o details of all analyses listed here are available at the common pages:

CDF results
DO results

26
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http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/top_public.html
http://www-cdf.fnal.gov/physics/new/top/public_mass.html

Anomalous Top Quark Production: Summary
* The main latest constraints from Tevatron:

W' My, >800CGeV/c2 My .>M,
My > 825GeV/2 M, . <M,

FONC: fiteg/A < 0.069 TeV™! assuming kg = 0
/-a:mg/A < 0.018 TeV~! assuming Keeg = 0

Anom couplings:  |fi*|* < 1.01
f2'|? <0.28
f2t > < 0.23

Mass of t': M,. > 335 GeV

2
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