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Introduction and QOutline

Top quark decay by modified interactions or new particles:

e Elm interaction — Charge, 17
e Weak interaction — Wtb, Ztq and Higgs
e BSM particles — Charged Higgs

e Strong interaction — Colour flow

go from rare to BSM to strong force

Daniel Wicke, Searches for rare/BSM top decays (Tevatron), Introduction and Outline Top2011, 29th Sep. 2011 2



Top Quark Width
Significant BSM contributions should alter the top quark width (SM: 1.34 GeV)

Direct measurements CDF

e Reconstructed top quark mass distribution 4.3fb™! — 'y < 7.5 GeV

Combination of Branching Fraction with t-channel Single Top DO
, DY Runll
2 600 " oea(toomh Top pairs: amount of 0,1 and 2 identified b-Jets
: o B(t— Wb
400-+— rreos R = ( ) = 0.97 +0.09
| — ire B(t — Wq)
] S R Single Top:
L —‘| T Ft — Ft(t — Wb)/R with Ft(t — Wb) X O1t, t—channel
0 1 >2 Ny B
D@, L = 0.9fb~? 1-23fb~ " T, =1.99707%Gev

Gross picture of top quark decay as expected
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Rare Processes
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Photon Radiation in Top Pair Events

Semileptonic selection
e lepton, K, at least 3 jets one b-tag %
o Hr > 200 GeV i
+ isolated energetic photon
Background estimates
e photon fake rate from jets events E
(as function of F'r) =
e rate of fake b-tags from bb configurations %
>
i

applied to events without photon/b-tag require-
ment, respectively
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Photon Radiation in Top Pair Events (2) CDF 6.0fb*

A total of 30 candidate events observed

HT = 292 GeV
Run 193396 Event 1050006

o1y = 0.18 £0.08pb  SM: 0.17pb (NLO from Madgraph+K-faktor)

p-value: 0.0015 (3.00)
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Associated Higgs Production

b
e Check of the top quark’s Yukawa coupling HO'AE b
e Enhancements possible ! el
W+
. g9 -
— in 2HDM (e.g. MSSM) for low tan 3 3 f -
— anomalous contributions to top-Yukawa coupling
— in presence of a quark singlett T o
Signature
In semileptonic top decay ¢, K, 4b- and 2 light-jets
Signal to background discrimination
2 gorET T T O
o DO: Hr and njes Boao} S oef- Dgg;rw
S +=0.25F o eF +jets
most sensitive ook SO0 Qe
B | b
. SR
HT[GGV] Njets
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Associated Higgs DQ, 2.1fb~*!

¢, B, at least 4 jets e Limits on oy gB(H — bb)
e sub-channels 4, > 5 jets e Compared to BSM models
1.2 >3 0b-
2, 2 3 b-tags — Here: G’ with t/
103*"'|""I""I""I""I""I"" TTTTprrrTrTT

D@ Preliminary
ttH - ttbb

\\\)\4"

D@ Run Il Preliminary (1fb™)
T I T T T T I T T T T I T T T T I T T T T

o
o)

(% 1 % - —a— Expected limit 95% CL 3

2 _| 2 o07F ---e--- Observed limit 95% CL =

-~ 10 E tF m,=M/2=400 GeV 3

o ] T o6 — — m,=Mg/2=450 GeV =

> 1 3°F ---- m=M_/2=500 GeV -

b@ i 7 bjé 0_5:_ """"""" Standard Model =

- .. - 0 45— —f

108 Expected limit ] : E

C ] 0.3 =

- — Observed limit ] oab- E
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Associated Higgs Lepton+jets CDF, 7.5 fb™*

. m,, = 115 GeV Ensemble output, 5+ jets, 3+ tags
g’ ET’ at IeaSt 4 Jets 12) CDF Run Il Preliminary, 7.5 fo* ‘ i > IHets
. . . . . % : | | | | | | | | | —+—data
Signal to background discrimination L )
R — tfH 120x50
g~ ............. ............. ............ .................. ............. .tfH 120
e Ensemble of neural networks SRR RS I  [Wwutie
(] T— AR SO b N FARNNEP S SRR NOSSRRRORN ISR LA
B .Diboson
— 1000 networks for each My value Lo | P wizsiets
— each network with random set of I | | WsingteTop
10 of 22 observables : (W
. . 0
— |nC|Ud|ng HT and njets 0 01 02 03 04 05 06 07 08 09 1 -

CDF Run Il Preliminary (7.5 fb ), ttH - |+jets

. . = 7017 jets, all tag categotries
e Combination of network outputs 2 e ot
Supra-Bayesian method 3 N
Major systematics: B
e Process cross-section & JES O

oo b by e e e
100 110 120 130 140 150 160 170

At My = 115 GeV exclude > 22.9 - gays Mu
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Associated Higgs

K, at least 5 jets (but no charged lepton)
e pr > 50(40) GeV for (2nd) leading jet

o Hp > 300 GeV
e Additional QCD suppression with NNs

Signal to background discrimination

e NN with 13 input variables

At My = 115 GeV exclude > 28.1 - og)p

Nolepton CDF, 5.7 fb~"!

All jets signal region (3-tag)

< 22 CDF Run Il Preliminary (5.7 fb %)
o —e— Data
S
[} T — 2
g - {TH (M, = 120 GeV/c?)
c -
i B

non-tt BKGD

— ttH x 100

Limits for ttH in missing E;+Jets and All Jets

140_ CDF Run Il Preliminary (5.7 fb™)
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100 110 120 130 140 150
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Flavour Changing Neutral Currents

e SM expects B(t — Zq) ~ 10~

u
: : A Z -
e BSM physics may yield measurable contribution
q t
q
. . —1 q
Dilepton Analysis, CDF 1.9fb “ ;
Selection: eTe™ und Ty~ + 4jets, My, ~ My q
Best Fit to Mass y2
. & L L D R N N e e
Observable: x? from mass constraints 5 Tagged Anti-Tagged Control
LE (13 Events) (53 Events) .(136 Events)
(Reconstructed Z, W and top masses) ol @ Daa9m ] COF I preliminary |
O FCNC tt (3.7%) fLdt=19fb!
. . . . Fit Uncertainty
Fit of signal and SM simulation 00 7+ Jets (HF & LF) o
2 . . . 201 B Standard Model tt 1 i
to y“-distribution from data B Diboson (WZ. Z2)
B(t — Zq) < 3.7% (95% C.L.) 0;E1=—~J-JJ
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Trilepton Analysis DO 4.1fb~ !

Selection: 3¢, Fr and possibly jets. ¢
Z i
¢
e 4 channels: ece, eeu, ppe, ppp .
t
o At least one /¢~ pair with My, ~ My ) N .
(channel dependent distance cut) q t
w- 2
e assignment of leptons to Z and W v
~ 100% correct for eep and ppe c
~ 90% correct for ece and upp. e [ tt FONC, B(t- 2q)=5%
o 30 —— Data
: & [ wz
Background estimates 2 ol . D% 4.1 fi5t
e WZ, 6 ZZ and tt from simulation ! [ Other backgrounds
10—
e Z-+jets and Z~ contribution from data 3 SIS ]
O ; 5

jet
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Trilepton Analysis (2)

Signal to background separation

o Hrp

°® miec

M(ete—j)
use jet that yields
m;°¢ closest to 172.5 GeV

Result

B(t — Zq) < 3.2%
Expected B(t — Zq) < 3.8%
Couplings
Viqz < 0.19 (¢ =u,c)

for only one non-vanishing coupling
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Summary of FCNC in Top Quark Decays

excluded at 95% C.L.

m. =175 GeV,0 . =6.90 pb
t tt
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BSM Particles
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Decay to Charged Higgs Boson

New particles in the decay alter deduced oy
depending on decay channel

o BESM(1t — () H =5
O — Ott - T q 2
BM(tt — () /\b
(' =/{+]ets, Dilepton, tauonic ; T— b
W- /
e Check cross-section ratios Y

e Consider decay t — bH*

o o
[ee] O =3
TT TTTT

— with H* — ¢s, leptophobic H*
— with H* — 7v, tauonic H*

Branching Ratio
© o o
ul (2] ~

©
IS

e Within MSSM relevant

o © ©o
O L N W
TTTT]TTT T

— leptophobic: at low tan S
— tauonic: at high tan

tan(p)
tan

Daniel Wicke, Searches for rare/BSM top decays (Tevatron), Decay to Charged Higgs Boson Top2011, 29th Sep. 2011 16



Leptophobic Charged Higgs DO 1fb~*!

Sensitivity from semileptonic to dilepton cross-section
y P P x = B(t — bH?)

1 r - r
° B(HjE — ¢s) = 100% y Difepton
s 087y
— semileptonic decay enhanced z oo}
— dileptonic decay reduced S oaf
% o2}
e fix o,z at nominal value (7.48pb) 0

1 D@, L=1.0fp?

087 B(H" - c35)=1
—a— Expected 95% CL limit

fo)
. N . - +
e maximise likelihood wrt B(t — bHi) T
A
C\D/O'G__ —e— Observed 95% CL limit

Dominating systematics:

0.4
e uncertainty of assumed o;;, | o - .
I " Y . i 0.2 * ° -— ———3
luminosity and b-tagging :
. ) _ o7
Limits obtained w/ Feldman-Cousins: 80 100 120 140 160

M., [GeV]
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Leptophobic Charged Higgs DO 1fb~*!

nsitivity from semil nic to dilepton cross-section
Sensitivity from semileptoni llep v = B(t - bH®)

o B(H* — cs) = 100% R e
= |
— semileptonic decay enhanced z oo}
— dileptonic decay reduced S o4}
% o2}
e fix o,z at nominal value (7.48pb) 0

i"ao—j D@, L =1.0fb™
e maximise likelihood wrt B(t — bH*) &
50
: : : 40 -
Dominating systematics: i/
30- .
. ] CPXyh scenario
e uncertainty of assumed oy, ] e
. . . 20- [ ] B(sojiliaay!r:s%cgsf Ir 5) <0.95
luminosity and b-tagging ] O ecten 929 e i =
] | | | 23 Excluded 95% CI_I region |
Limits obtained w/ Feldman-Cousins 80 9 100 110 120 130 140 150 160

: . M, [GeV]
... transfered to exlcusions for specific models (e.g. CPX)
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Leptophobic Charged Higgs CDF 2.2fb~ "

Bump search in dijet mass in /+jets

ey
=)
i

—— Data

— B(t- H'b) = 0.1
|:|W+ in tt

|:| non-tt bkg

W
a1
T

e Reconstruct (fit) decay kinematics w/ contraints

w
o
T T

N
a1
T

— top quark mass
— leptonic WW-mass

Number of Events/[6 GeV/c?]
N
o
T ‘ TTT

=Y
al
TT 1111

10[

e Fifth jet in pr joined with closest other jet

5|
if AR < 1.0 T R
0 20 40 60 80 100 120 140 160 180
M(dijet) [GeV/c?]
= Obtain M (dijet) with assignment of best x? COF Run Il Preliminary [2.2f6™)
. . . :l: % 0.5: —@— Observed @ 95% C.L.
e Binned likelihood to extract B(t — bH™) = —— Moo @ 9mhCL
< [ ]es%ofsM@9s%cCL.
S 04
. . ] . SRR [ ] os%ofsm@9s%cC.L.
Dominating uncertainties 5t
T o3
© 03}
e Simulation oo
o JES (for M+ ~ My) o1 o
o ] O:JH“H\H‘\H‘\H‘
Limits also applicable to H* — ud R e e
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Tauonic Charged Higgs DO 1fb~*!

Differences between dilepton and lepton+7 yields sensitivity to total cross-section

e maximise likelihood simultaneously
wrt B(t — bH¥) and o4z

—~ 1
2 ] D@, L=10fb™
I i
T0-8‘_ B(H" - 1" v)=1
e reduces assumptions o | —= Expected 95% CL limit
m 0-67] —e— Observed 95% CL limit
. 0.4—-
Systematics: :
- . 0.27 A/Ié:;‘
e luminosity reduced | =———
oO—FT——— 11— T
. . . . 80 100 120 140 160
e multijet description dominates

M, [GeV]

Limits w/ Feldman-Cousins for a range of M+
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CP Odd Higgs CDF 2.7fb~*!

In next-to-minimal SSM additional CP-odd Higgs bosons occur

Underlying Event Track P, - Pre-Tag 1 Jet Events

t — HEb — W*alb

10° ; o “‘ | Le‘ptoL +‘Jet‘Dat‘a L ;
O ; Lepton + Jet Data - Z/y*/Wt corrected E
. . + _— s 4L Dilepton Data ]
e for M40 < 2my, likely decay is aj — 777 B e e
Emsé ---------- *;
e decay products have low momenta $ ]
. T 2102 E =
= undetected in other ¢t analyses B f ]
10 E
An a IySiS 1 i CDII= Runli Prelimi‘nar\‘(, L‘=2.7fb'1 o o 7:
5 10 15 25
— Lead Track p_ (GeV/c)

: : : 95% CL Exclusion for t>H'b—>W*Ab
e tt semileptonic selection T B et~ Eupeciod 1 Opaared
1 0-9‘§ BR(H'>W*A)=1 m(A)=7 GeV/c? — Expected V Observed
E 0.8 X m(A)=8 GeV/c? — Expected * Observed

e require additional soft tracks (from taus)

0.7L ; m(A)=9 GeV/c? — Expected @ Observed

. . 0.6 e 5
e cross-checks for soft tracks in control regions os+' -
0.4 5
i . :|: . 0.3
Limits on B(t — bH™) for various m, 02

0.1

. . . ICDF Run Il Preliminary, L=2|.7fb'1
90 100 110 120 130 40 150 160
H" mass (GeV/c?)
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Colour Flow in Top Pair Decays

Verity colour singlet structure of hadronically decaying W in top decays

e distinguish from colour octet

e applicable to separate e.g. Z(H — bb) from Z(g — bb)

Observables

Jet Pull: o &
Sum energy and distance weighted
cell directions (in 17 and ¢)

. 1 . —]
t = et g Er;|ri| 7
T Cal.cells

Relative Jet Pull:
Angle between ¢ and connection to
additional jet: #P""

rel,s”
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Color Flow Analysis

Selection Signal sample: no b-tags
_ _ w-pairs b-pairs
e Consider (+jets sample Imj;— M| < 30 GeV

with 2 (loose) b-tags

80 D@, L=5.3 fb * = Data x?/ndf: 0.95 Data x2/ndf: 0.95
.

Nevent

Nevent

70 t — R D@, L=5.3 b
[l W 1
e 90% pure top pairs o= Muitiets m— Mulijets 4

Signal expectaton:

1 15 2 25 3 15 2 25 3

of°,, for w-pair jets S

for b-pair jets

e |V -jets point to each other
Control sample: no b-tags

e b-jets point away from each other 62" of leading jet second leading jet
% gggg @, L=5.3 fb *—— Data x?/ndf: 1.08 § gggg —— Data x?/ndf: 1.24
Control sample rather flat. — 2 oo Siher D@, L=5.3 b
I W+jets [ W+jets
_ = Multijets 2500; puy Multijets

Rel. jet pulls shows qualitatively
expected behaviour

0.5
erel

pull

1 15 2 25 3
for leading-p _ w-pair jet

05 1 15 2 25 3

g, for 2™ leading-p _ w-pair jet
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Color Flow: Result D0 5.3fb 1

- pull, z 90
Selection of 0, J gof oo isan —oaa
11 70 b ----?ctet
e AR > 2: 0" of leading pr jet 60 i
50 | W+ijets
11 v e W Multjets
e AR < 2 both |ng| < 1: use smaller 67" 20 '
o 0
. ppull _¢- ' 10
o AR < 2one|nq| <1:0,; of jet with |ng| <1. °

15 2 2.5 3
Minimum relative jetpull 0

1

Dominating Systematics

% ‘DO L=5.3 fb

e Signal shapes (1 vs. 8): 0 fsinglet = £0.118 <" o8l

= | r H

a

e Jet pull reconstruction: 9 fsinglet :fgjégg = osl
| o 04 W cevcL.
Simultaneously determine singlet vs octet fract. ; 95% C.L.
and top quark pair cross-section ozl 99% C.L.
fSlnglet — 0.56 :l: 0.36stat :l: O.22Syst 0 D 1 0 . ] 2' '3'
consistent with SM fsinglet = 1 Measured {g, ..,

Daniel Wicke, Searches for rare/BSM top decays (Tevatron), Colour Flow in Top Pair Decays Top2011, 29th Sep. 2011 23



Summary and Conclusions

Searches for rare and BSM top quark decays

e Top Quark Width (35% uncertainty)

e Rare decays

— Photon radiation in top pairs (30 evidence)
- ttH (ULimit 5 230sym at Mg = 115 GeV)
— FCNC in top decays (B < 3.2%)

e Decays with BSM particles
— Charged Higgs (B < 10...20%)

e Colour structure

Top quark decay is verified to the few percent level

Daniel Wicke, Searches for rare/BSM top decays (Tevatron), Summary and Conclusions

Top2011, 29th Sep. 2011 24



