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The Tevatron, CDF and DY

FREIBURG

* Run II: Vs = 1.96 TeV

* In operation from 2002 to September 30th, 2011 (Shutdown)
- Total integrated Luminosity delivered by Tevatron: ~12 fb-1

- CDF & DO luminosity acquired ~10 fb-1 (full dataset)

- Instantenous luminosity record: = 4.03 - 1032 cm-2s-1
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Top quark observed at Tevatron in 1995, by CDF & DY
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Top Production at Tevatron
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* Mostly via QCD pair production
- M =173 GeV

T = 5-10—29 s: no top-flavoured hadrons!

= Nearly 100% decay to Wb
= QOpportunity to study a “bare” quark!

+ Coupling to Higgs boson ~ 1

- First evidence by CDF in 1994; Observation in 1995 by CDF/DO;

Tevatron production rate: ~85%

Dominant process
at Tevatron

~15%
[

S

Dominant process
at LHC
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Single Top Production at Tevatron
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Production via EW in 3 channels: s, t, Wt;

First Observation by CDF & DO in 2009;
Phys.Rev. Lett., 103:092002, 2009;

- Tevatron and LHC both sensitive to t-ch; Tevatron not sensitive to Wt-ch but advantage on s-ch!

at LHC 5 times more signal but 15 times more background....
will be very challenging also at Runll since processes like ttbar increase more than s-ch production!

Lo

s-ch Wt-ch
Tevatron: O, , =3 pb LHC: 0., =114 pb @ 8 TeV
Detector/o(pb) | s-ch | t-ch | Wt-ch
= Tevatron 1.05 | 2.08 | 0.25
t-channel LHC (8Tev) 5.55 | 87.2 | 1L.1

B s-channel

B\

arXiv:1311.0283
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e Direct measurement of |th| CKM matrix element;

e Does unitarity holds? |Vip|? 4+ |Vip|? + |Vip|? = 1

[ Var Vas Vi Vax?)
"""cd Ves Vcb VCX [{

Vie - Vis - Vi Vix?
\ Wa? Wys? Vi? Vyx? )
Sensitivity to new physics

e t-ch: FCNC

e s-ch: heavy W', Top pion

CDF Run Il Preliminary, L=3.2fb"

W/ H* Wik

500uv
= Ihe Challenge
L4000 e -
G000 7777 = | Singlg top quark production with decay into W + 2 Jets
e Sorrom (dominated by W+jets):
§2°°° ‘ final state hidden behind large backgrounds with large
uncertainties (i.e. W+HF uncertainty ~ 30%)

C
S
o &

= MVA using Multiple variables combined into a single more

W+ljet We+2jets W+3jets We+djets powerful discriminant to separate S from B

Top2014, Cannes 6
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# Event Selection
1) I+jets

|+jets
e One high-pt isolated lepton (e,mu)
e Missing transverse energy £t
e 2 0or3jets
e At least one b-tag

2) Met+jets (CDF only!)

e No isolated lepton (e,mu)
= |Leptons vetoed, orthogonal to |+jets

e | arge MET > 35 GeV
2 or 3 jets
e At least one b-tag

Orthogonal Event Selections: (2) adds 33% acceptance to (1)

Top2014, Cannes 7 Manfredi Ronzani



L
L. 2

Signal and Background Model i

EIectroweak/Top Single Top, ttbar, diboson
- modeled by Monte Carlo (MC)
-~ single top: powHEee (CDF), compHEP (DY)

~ ttbar: PytHiA (CDF), ALPGEN (DY)
- diboson, WH: PYTHIA
* normalized to theoretical cross section

W+jets:
« modeled by ALpceNn+PYTHIA Monte Carlo (MC)
- normalisation and flavour composition from data

Mistags:
- falsely tagged light quark or gluon jet
« mistag probability from data

Z+jets: modeled by ALpcen+PYTHIA MC

Multijet:
- Normalisation and shape from data-driven model

Multijet
HIggs

top pair

single
top

\ /
i
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s+t Inclusive Production

and Measurement at Tevatron
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CDF Ivbb s+t Analysis
- I TH
Strateg V — W +2Jets,1bTag ___ CDF Il Preliminary 7.5 fb”
e Lepton+jets with 7.5 fb-1 of CDF data o | é%?,ﬁu‘z"r‘:p
i t
e Subsamples wrt #jets and #b-tags (2J1T...3J2T) & 600 =i
N . +Jets
e NNs trained with 11-14 variables = 400k e
e Use s-ch as signal in only 2J2T and t-ch for the rest *2' Z
: . , @ -
e Validate data-bg agreement in OT Control Region @ 200
* Use admixture of systematics shifted samples o{ i
= 3% improvement 100 200 300 400
0 15 W+ Jets, > 1b-Tag CDF Il Preliminary 7.5 i’ W+ Jets, > 1b-Tag CDF Il Prélo.cise g + o onr Ml\'b [GeV/C2]
s — Single Top .3 ~+ CDF Data
g ttW-rl'il: g
(T ~— Ws+LF w
€ 0.1 Z+Jets [Z+Jets
g ! - Diboson M Diboson
w QCD
B
= 0.05
E I
O
=

=)

1...;0.5....0....0.5... |
NN Discriminant

NN Discriminant

arXiv:1407.4031 [hep-ex]
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CDF Ivbb s+t Analysis
et
Single Top s+t+Wt Cross Section § odf O = 3.04 315] pb
e Measure cross section using maximum likelihood fit to the s Myp = 1725 GeVic:
binned NN output distributions g%
e |ntegrate the posterior probability density over the parameters g ol
associated with all sources of systematic uncertainties % |
e First inclusive measurement with Wt-ch at CDF! > " s |

O 1wt = 3-04 +0-57 . (stat+syst) pb (x 19%)

Single Top t-channel VS s-channel 2D fit

o 2D plane (OS , O(t+Wt))

e The t-channel and Wt processes are combined as
they share the same final-state topology.

O, = 1.81 +055 4 53 pb
Otowy = 1.66 +0-53 4 47 pb

Single top quark cross section (pb)

5W+Jets, NN Discriminant CDF Il Preliminary 7.5 fb”'
X ® CDF Data
] N 68.3% CL
4 W 95.5% CL
' 99.7% CL
X Bl SM
3 B N. Kidonakis, arXiv:0909.0037

I
s-channel Cross Section [pb]

t and Wt-channel Cross Section [pb]

arXiv:1407.4031 [hep-ex]
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CDF Ftbb s+t Analysis
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Strategy
e MET+jets with full CDF dataset 9.5 fb-1

e Completely orthogonal dataset to £+jets selection

e Subsamples wrt #jets and #b-tags (2J1T1...3J2T)
e | atest CDF HOBIT multiavariate tagger used

e Dedicated NN used to discriminate QCD, V+jets and
ttbar for s-ch and t-ch

e 1D posterior obtained for Og,,; assuming constant SM
O, /Gy

Results

o, = 3.53 +1:25 . pb (stat+syst) (x 34%)

IViol > 0.63 at 95% CL

t-channel cross section (pb)

sl : o
t Single Top in E +jets
4
3
2
r ® Best Fit
L 5 SM
1= M68% CL
r £195% CL
: N NOdonakis, Phygs. Rev. D 81, 0580085 53, 9150R)
0 Y P PP

Single Top s-<channal in F,+jets, CDF Run Il Preliminary, L=95m"

L ~o— Data
Signal region L ]s-=ch single top
[0 t=ch single top

 I—| g
1 Diboson

CDF Run Il Preliminary, L < 9.5 fb™

LA L L AL AL Al a1 1z A LA L L
0 1 2 3 4 5 6 7 8
s-channel cross section (pb)

CDF note 11033
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CDF s+t Combination
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The results of the two s+t analyses (l+jets and MET
+jets) are combined by taking the product of their
likelihoods and simultaneously varying correlated

uncertainties

20
18
16
14
12
10

Posterior probability density

co N A OO

'S

CDF Run Il Preliminary, L < 9.45 fb™

H

o, =3.02+049 . pb (+16%)

TTTTTTIITIT T T Ty TT TITTTyreeyrrTryee’s
AR ARAE AR RRRN RRRE 10 RN AR AL

B 68% CL
95% CL
99% CL

V,,|>0.84 at 95% C.L.

(b)

' 10.5 I — 10'6 | - — 10.7 |-

0.8

2
Vo

@ “f
= Single Top Combination
s 3.5
S
w 3
) u
8 [
5 2.5
s
E f M
€ 2
Sk
=1.5F ® Best Fit
. uSM
1 BM68% CL
- £995% CL
0.5 D99°/o CL
o- 1 L1 1 l 1 1 L1 l 1 1 L1 l i1 1 L l L1 1 1 l L1 1 1
0 1 2 3 4 5 6

s-channel cross section (pb)

IV, | > 0.84 at 95% C.L.

CDF note 11033
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D@ Single Top Analysis
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Strategy

* Basically one analysis doing everything with 9.7 fb=1 of D@ data

= s-channel, t-channel, s+t channel measurements

e DU used three different techniques: BDT, BNN, ME

e Fach method selects different event kinematics = Around 75% correlation

2

(@ D@ 9.7

2

Yield [Events/0.04]
S

oy —

107 02 04 06 08 1
Ranked s-channel discriminant

(c) D@ 9.7t

2 3

Yield [Events/0.04]
o

—4

1
107 02 04 06 08 1
Ranked t-channel discriminant

g % DO 9.7 fb"
S 40 -

= Wajets
§ 30 -zmbooon
E -ndﬂhh
o 20
2
> 10

0.7 0.8 0.9 1
Ranked s-channel discriminant

fr + DO 9.7 fb"
I

 Wejets
Z+jets/Diboson

-t

 Multijets

Yield [Events/0.04]
S 8

007 08 09 1
Ranked t-channel discriminant

q t
W+
q' b
q' q
W
b t
g b

PLB 726, 656 (2013)
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tqb cross section [pb]

- : g
D@ Single Top Analysis
ZD
D
. > = -1
s+t cross section = 8g~ DO 9.7 b
e Combination of the 3 MVAs in a BayesianNN € 07 O expected
» 1D posterior obtained for o_, integrating over ¢, with no % 0.6- : 3.34 joofg3 pb
assumption on SM o_ /o, o 0.5° Gobser\.red
+0.60 o 304 41135 pb
Y +t =4.11 "~ -0.55 pb (114 /°) “'n' 0.3? E .
© 0.2- :
2 0.1 |
IVinl > 0.92 at 95% CL ch s _ R

5 (a) D@ 9.7 fb
E W 1SD
al- 2 SD
AN 4
. [ & A ® Measurement
2/ M sm
- { Four generations
L O Top-flavor
1_ /\ Top pion
- (] FCNC

PR EPEPEPEPS IPAPEPEP PP APATEEr A
L T N
tb cross section [pb]

123456789
s+t cross section [pb]

s-ch VS t-ch cross section
e 2D final discriminant sensitive to s-, t-ch
e Integrating over o,and extract o_and vice-versa

first evidence with

— +0.33 °
o.=1.10 .31 PP (£29%) 3.70 significance

PLB 726, 656 (2013)

Top2014, Cannes
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Tevatron s+t Combination usw

Last Single Top legacy measurements from Tevatron! 8.5 5 Single top auark, Tevatron Run . L, SOTE
. S ¢ @®Measurement
e 0., VS o, with L<9.7 fb- g 4 gsm’
@ rFCNC?
e \Vib @ 2 50 p Four gen.
: ST - S OTop-flavor?
e Combines CDF and DO analysis, fitting simultaneously DO 3 o be A\ ATop piont
and CDF combined inputs (discriminants) :%%15:
* 1D posterior on os+t obtained by integrating 2D posterior - f —
over Ot with no assump’[lon on SM Os /Ot [ 'PRD 81: 054028, 2010; PRD 83: 091503, 2011 1s.d.
(0.5 PRL 99: 191802, 2007 2s.d.
- Y EPJ C49: 791, 2007
- * PRO 63: 014018, 2001 1 J 3 S-ld-
05 15 2 25 3 35
Os = 3.30 +0.52 -0.40 pb (i1 3°/o) Ot = 2.25 +0.29 -0.31 pb (t‘l 3°/o) s-channel cross section [pb]
g 1: Single top quark, Tevatron Run Il,L_ < 9.7 b ‘g‘; 1'6: t-channel'single top.quark. T.evat.rorf Ru.n L =97 fo™ |
é | =Posterior probability density dnstr:mhon 814 = Posterior probability density distribution
208 [Jlo.. 33005 pb £ 12 | o,=225°% o . :
3| orarsonem 5 fame2n0z0nm : (More on combination method in
& 0.6} e .
5 T 8 o8 dedicated talk by Yvonne Peters
:8_ 0.4/ § o.sH |
7 : : on Wednesday - Stay tuned!)
02" 04t
" | Preliminary 02— | Preliminary '
% 05 1 15 2 25 3 35 4 45 5 o575 2 25 3 3% .
Cross section [pb) cross section[pb] | Fermilab-CONF-14-370-E

Top2014, Cannes 16 Manfredi Ronzani
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Tevatron s+t Combination ww

IViol Matrix Element Extraction

* \/i,: same MVA discriminants as for s- and t-channel cross sections

e form a Bayesian posterior p.d. for |Vip|2 assuming a “flat” prior

with no assumption on SM o /o,

—
N DO

Posterior probability density
© O ©O —
S~ O O
IIIIIII]IIIIIII]IIIIIIIIIII]IIIIIII

O
n

—A

LIV PR
tb
_ +0.06
IV |=1.02

-0.10

-0.05

/| Posterior for IV, <1

'th'z > 0.84 at 95% C.L.

IthI >0.92 at 95% C.L.

Preliminary

TS B H/{,.,

Single top quark, Tevatron Run Il, L  <9.7 fb™
_. Posterior probability density distribution

=1.04%012 \

i
|
|
l
I
|
|
l
l
|
|
l
!

IV, | > 0.92 at 95% C.L.

Q-

bl
0.2

04 0.6

0.8

UNI
|
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Fermilab-CONF-14-370-E
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s-channel Production

and Observation at Tevatron
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CDF s-channel Analyses
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s-channel |+jets & MET+jets with full CDF dataset 9.5 fb-1

FREIBURG

e New l+jets and MET+jets s-channel optimized analyses based on Higgs search techniques and selection
e Use CDF full Run Il data set, new HOBIT tagger, extra lepton trigger adds 10% more leptons

e Both use MVA discriminant sensitive to s-channel only

l+jets

250

(b)

200 F

150 F

100 F

Number of events

S0F

0

-0.2 0 0.2 0.4 0.6 0.8 1

Neural network output

O, = 1.41+044_  (stat+syst) pb
p-value = 3.80 (2.90 expected)

PRL 112 231804 (2014)

Events/0.04

MET+jets
®- Data
" (e) [1s-ch single top
- [ t-ch single top
Signal region 0 ¢t
i — })iboson
60 - Two-jetTT 1 WH/ZH
| [ V+jets
1 QCD multijet
40 — ’ ’_‘__+
T L ]
|
L
20 —
o 1 L 1 l | 1 L l 1 | 1 l 1 1 L l L
0 0.2 0.4 0.6 0.8 1
NNlchanml

sig

O, =1.12+061_ - (stat+syst) pb
p-value = 1.90 (1.80 expected)

PRL 112 231805 (2014)

Top2014, Cannes
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CDF s-channel Combination

UNI
|

FREIBURG

104

Number of PEs
3,

—
o
N

10

o, = 1.36%0-37_, 5, (stat+syst) pb
(1270/0)

Single Top s-channel Combination CDF Run Il Preliminary, L =9.5 fb™

1 llllllll [

| lllllll'l

lllllll

Observed Value
———— Background Only

———— Signal + Backgroung

Observed p-value:0.000016 (4.20)
Expected p-value:0.000320 (3.40)

4.20 significance

PRL 112 231805 (2014)

Top2014, Cannes
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Tevatron s-channel Combination
'
Inputs
:  CDF évbb —  CDF Eqbb DO ¢vbb
o : e Sgwbam ’ 2 ilgndmlon -’Lt’:‘:mx — 04
5, T § [ omm —aagad I (@ DO 9.7fb"
: T E, g
— | g 10°
“Ir ‘?E:%C%Z—*Hf’ —~4 | w, 10
: L 3 o . ot | o
”?-'r b 1m > 1
| ® : -
02 0 02 0.4 08 0.8 1 °:' R — Tj. é ‘ 1010 0.2 04 06 0.8 1
Final Discriminant Output NN Ranked s-channel discriminant
Output
combine individual discriminants
] . . S -~ s-channel single top quark, Tevatron Run Il,L_<9.7fb "’
including all correlations 2 . o ved signal
& F —observedbackground | (More on combination method in

.| Background uncertainty

dedicated talk by Yvonne Peters
on Wednesday - Stay tuned!)

PRL 112 231803 (2014)

-1 0
Discriminant output [log, o(sfb)]

Top2014, Cannes 21 Manfredi Ronzani
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Tevatron s-channel Observation
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o, = 1.29+0:26_, ,, (stat+syst) pb

(x19%)
6.30 (5.10 expected)

- s-channel single top quark, Tevatron Run Il, L <9.7 fo !

=
2 1.8
2 — — Posterior probability density distribution
z 0 | o, = 1.29°02% by
T g4 VOs= 1oz P
8 F io%™=1.05%0.06pb
5 1.2:— |
2 1E g
2 ¢ %
8 0.8 <
o = &
0.6 .
0.4F
0.2 ; 
S T ANE: '
0 02 04 06 08 1 12 14 16 18 2 22

Cross section [pb]

First observation of s-channel single top production!

PRL 112 231803 (2014)

Top2014, Cannes
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4 Tevatron Single Top Summary
2x
- T
Tevatron single top quark summary
Measurement Cross section [pb]
s-channel:
CDF +0.37
PRL 112, 231805 (2014) H— 1.36 -0.32
DO - 1.10*9%  29% first evidence:
PLB 726, 656 (2013) 5 -1V 031 o first evidence: 3.70
IF?.\:?zt.rzoa?eos (2014) "’" 1.29 ﬁigi 19% first Observation: 6.10
t-channel: :
CDF o . +0.38
Full Tevatron dataset CDF-CONF-11033 (2014) 1655
DO l e 3 07 *0-54
up to 97 fb_ 1 PLB 726, 656 (2013) : ) -0.49
Tevatron ~o— 2.25%0%
S+i: :
CDF o +0.49
CDF-CONF-11033 (2014) 3.02 -0.48
DO E o +0.60
PLB 726, 656 (2013) 4.11 -0.55
Tevatron —e—  3.30"0% 13%; |Vwl: 5.3% precision

l ' l A l A l A l

0 1 2 3 4

Cross section [pb]

iv Theory (NLO+NNLL
: Paoe%s(aoee (2010), PRD83 091503 (2011) m, = 172.5 GeV

Top2014, Cannes 23 Manfredi Ronzani
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Summary

e Single Top was observed at CDF&DO in 2009

* Now, Single Top program at Tevatron is (almost) complete!

v All measurements in agreement with SM prediction!
v At least for single top cross section, this is the final measurement
by Tevatron!

e New s+t Tevatron combination has been performed
e s-channel was the last missing block in ST -> Observed!

Thanks for the attention!

Top2014, Cannes 24 Manfredi Ronzani
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BACKUP
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CDF & D@ detectors
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Muon systems

EM and Had

Calonmeters

.: - » -
- . I/
o — /‘ / ,'_’
-y ' .\ =ir Solenoid
[~ R —
— Ay
e \\ -
YN\

Tracker

Silicon Vertex Detector

Top2014, Cannes 26 Manfredi Ronzani
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HOBIT b-tagger at CDF
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§ 0.4 [
> — Light Jets
£0.35
s — b Jets
% 03
0.25
0.2
Loose Tight
0.15
0.84:— . Loose SecVix 3 :'-. o1
- =  Tight SecVix vl
0.82 vy 0.05
0. S § o2 ailin, ., b asaalaas, |....1....)..'1.|.... “_rrt-fl\ N __'—-'-’m
83 035 0.4 045 0.5 055 06 065 07 075 0.8 0_1‘ _0.5""6“‘10_5“A 1
B Jet Efficiency HOBIT Output

e A new b-jet identification algorithm optimized for H = bb searches: HOBIT
e Two different HOBIT cuts are used: tight b-tag (T), loose b-tag (L)

Top2014, Cannes 27 Manfredi Ronzani



L
L. 2

MET+jets QCD rejection (CDF)
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< —&— Data
31000 — Presel. region [ s-ch single top
s [ t-ch single top
;&; - Two-jet TT ¢t
$ [ Diboson
w L L1 WH/ZH
- [ 1 V+jets
| E T bb 1 QCD multijet

&
s00 —| QCD normalization Signal region

y-—

NNqco

Top2014, Cannes 28 Manfredi Ronzani



Uncertainties
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5

Systematic uncertainty CDF DO Corre-

Norm Dist Norm Dist lated
Lumi from detector 4.5% 4.5% No
Lumi from cross section  4.0% 4.0% Yes
Signal modeling 2-10% o  3-8% Yes
Background (simulation) 2-12% e 2-11% e  Yes
Background (data) 15-40% e 19-50% e  No
Detector modeling 2-10% e 1-5% e No
b-jet-tagging 10-30% 15-40% e No
JES 0-20% e 9-40% e No
s-ch Observation s+t Tevatron
total expected uncertainty: 20% total expected uncertainty: 13%
expected uncertainty w/o systematics: 14% expected uncertainty w/o systematics: 8%

Top2014, Cannes 29 Manfredi Ronzani
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Vip| measurement
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e O(s+t+Wt) « |V,|2 SO we can extract the matrix element, assuming:

e SM top quark decay: |Vig|2+|Vig[2<|Vip|? d
*V-A and CP conserving Wtb vertex s’ =
* No assumption on # of families or CKM unitarity X

—
—
-
—~—
-~
—~—

g

—— -~ " .
x z

e

—
-

—~
S

)

eadditional systematic uncertainties: theoretical uncertainty on single top cross section

n

Posterior Probability Density

O, w
L] LRI LI

A
sy (&) N
L] LA LB LILILJ

o
*
I LI

oo

W+Jets, NN Discriminant CDF Il Preliminary 7.5 b’

216 DO, 9.7 fb "
IV,|>0.78(95% C.L) ]
§12»:_ IV, =1.00 5
. +0.00
8 10 IVmI=1.00_“‘
- 8Tlv |>0.92 @ 95% C.L.
- tb
g 6
8 4!
a 2
3 04 05 06 07 08 o.siv |21 % 0.2 04 0.6 0.8‘ 1
th

IV P
tb

Posterior density

0.8F

0.6

LIV 1=1.02"% &
L ¢ 005

B -
'm":sm

[ IV.1>092

1

0.4F
0.2}

Single top quark, Tevatron Run I, L_ <9.7 '

95% C.L. limit:

AN A |

02 04 08 08 1 -

Top2014, Cannes 30
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Tevatron s+t Discriminant
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| Single top quark, Tevatron Run |l, L .S 9.7fb"
+ Data " ~SM s-channel

10° —Expected background £/SM t-channel
Background uncertainty t\%V/Z+X
10° Multijets
JHiggs
..,

/3

— [
r

=

7 . 0.2 0 0.1 03 06
Discriminant output [(s-channel - t-channel)/background]

without background subtraction:
= t-channel SR at the left, the s-channel SR at the right.
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Tevatron s+t Combination & BSM
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