Measurement of the ratio
R=%(t— Wb) /A (t — Wq) at CDF

P.Butti, G.Chiarelli, S. Leone, F.Sforza

Nikhef
Collider Detector at Fermilab

28th June 2012



Overview

Motivations

L+Jets Event selection

Systematics

Blessing Items



Overview

G Documentation

m Internal Note: CDF 10723

m Public Note: CDF 10887 First Draft.

m http://www-
cdf.fnal.gov/ pbutti/internal /PublicPage/PlotsPage.html

m Systematic table: checked with PEs


http://www-cdf.fnal.gov/~pbutti/internal/PublicPage/PlotsPage.html
http://www-cdf.fnal.gov/~pbutti/internal/PublicPage/PlotsPage.html

Motivations

Motivations

m Update of previous CDF analysis: statistics limited

Test of the Standard Model

m A deviation from the Standard Model prediction would indicate
something new



L+4Jets Event
selection

Event Selection

m Full RIl Data: ¥ =8.7fb!

m L+jets channel: > 3 jets

m Offline Selection:

Central electrons (CEM): ET > 20
GeV

Central muons (CMUP,CMX):
pr > 20 GeV/c

£+ > 20 GeV

Invariant /-v mass: Wy, > 20
Gev/c?

Jets ET:

1% > 30, 27> 25, 3> 20 GeV
Jets |n| < 2

Data/MC correction

SF = Zﬂi': =0.96 £0.05



Systematics

m Table of single systematic sources

m The contributions were checked performing PEs centered on
DATA.
m We fixed the constraint on nuisance parameter x, by 1o wrt the
nominal mean
m We performed a new set of PEs (CDF note 5776)
m We calculated the shift on the mean of the distributions
obtained for R and o4

Systematics

m The single contributions were then square summed

Niins Nsyst

L:(R, pr:—)tf7)?) = H ‘@ (:u;xp(Rvo'pf)ﬁtfan)‘Nc’;bs) H g(XJ|07 1)

J



Systematics

m EXAMPLE: JES —10 impact
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m The results of the calculation will be shown later in the
presentation



Tables and Plots for Blessing

Leone, F.Sforza

m [ables and Plots for
Blessing



Sample Composition: MIl tables R=1, o,z = 7.04 pb

P.Butti
G.Chiarelli,
Leone, F.Sforza

m Events collected by the three detectors

Lepton+Jets, 1b Tag CDF Preliminary 8.7fb~!  Lepton+Jets, 2b Tag CDF Preliminary 8.7fb~!
Process 3 Jets 4 Jets >5 Jets Process 3 Jets 4 Jets >5 Jets
tt 800 + 67 77T + 64 260 + 21 tt 216 £30 271+ 36 97 + 13
STopS 30£2 6.5 = 0.5 1.5+0.1 STopS 9+1 2.0+03 047 £0.06
Blessing Items STopT 48 £5 10+ 1 2.1+0.2 STopT 9+1 2.7+04 0.60 £ 0.09
ww 33+4 8§£1 24+03 WwW 09£02 05x01 0.22+0.04
Wz 99+ 09 1.9+0.2 0.6 £0.1 Wz 1.8+ 0.3 0.27£0.04 0.07 £0.01
77 18+02 046004 012+£001 ZZ 0.4 +£01 0.14+0.02 0.01+0.00
Z+jets 313 9.1+ 0.9 2+£02 Z+jets 21£02 0.77+0.08 0.29 +0.03
W+bb 291 + 118 74 £ 30 17£7 W-+bb 48 £ 20 14+6 4+2
W-tce 167 + 68 47T+ 20 12+£5 W+-cc 5+£2 241 0.8 +£04
W+te 87 + 35 17+7 4+2 W+c 3+1 0.8 + 0.4 02401
Mistags 303 + 42 74+ 14 17+6 Mistags 5+1 1.7+£04 0.6 + 0.2
Non-W 125 £ 50 35£29 10+£9 Non-W 6+3 0.1£15 01+15

Total Prediction 1928 + 243 1061 + 93 330 £+ 28 Total Prediction 306 + 40 296 + 38 104 + 13
Observed 1844 1088 339 Observed 275 273 126




Sample Composition:MET and WmT 1,2 Tag

P.Butti,
G.Chiarelli, S. COF Run Il Preliminary 8.7 fb"

LeptonsJets, 1b Tag ——L+Jets Data CDF Run Il Preliminary 8.7 15" LeptonsJets, 1o Tag —— Lidets Data
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Method of the analysis: Results

CDF Run Il Preliminary 8.7 fb”! Lepton+Jets Final State

P.Butti, 2000
G.Chiarelli, S ] —— L+Jets Data
Leone, F.S ] Background
1 === ff, R=1
1500 — g
B ot i, R=0.5
@ ] tt, R=0.1
§ 1000 _B(t—Wb)
1] ] B(t— Waq)
500 ]
Blessing Items ]
1-Tag 3 jets ! 1-Tag 4 jets I1-Tag= sjels‘ 2-Tag 3 jets ' 2-Tag 4 jets 2-Tag= 5 jets
Lepton+Jets CDF Preliminary 8.7(b—*
16 Tag 2b Tags
3jets djets >bjets 3jets 4jets >5jets
R—0.1 1117 1L 230 279 1 65 68 118 88 L 24 2518 713
— 1365 + 232 56172 186+£22 100424 46 =9 1944
Background (N}) R—0.5 1123+ 232 282468 70+18 90 £ 27 25+9 7T+3
Total Expected (/zizp) e 1680 + 238 857+84 270+25 162427 124+17 aT+7
R=1.0 1127+ 233 283+ 67 69 +18 90 £ 27 25+11 7T+3

1927+£243 106093 330+28 30640 206+38 104+13
Observed(NZ,,) 1844 1088 339 275 273 126




Results:Statistical Fit Only
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G.Chiarelli. S CDF Preliminary 8.7 fo"  Leplon+lets Final State CDF Preliminary 87 16" Leplon+ets Final State
arelli, S. 3

1 |

@ o 2

£ s (I :

@ 2 \ / &

o o

2000 -3 154 -3

o ] o

/ 3 & 3,

1000 ':1 "<n

- 057 -

lessi 0 ] 057 0’8 09 1 11 12
Blessing Items Bl - Wb) Bt Wh)
R=gi=wq R=gi=wg
CDF Run Il Preliminary 8.7 fb"  Lepton+Jets Final State CDF Run Il Preliminary 8.7 iy’ LeptonsJets Final State
: ém :g 3 ]

LT w T »
= & T -
§ 20 8 S 8

4 o
150 o Q
\ -3 154 2
w S S
< <

] ]
% = 05 3

’ 8 7 [ % i
0 .q (D) 05 (P0)



Results:Combined Fit

CDF Preliminary 8.7 fb™! Lepton+Jets Final State CDF Preliminary 8.7 fo™! Lepton+Jets Final State
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Results

- Bidimensional Fit and Table

CDF Preliminary 8.7 fb”!

% Leptonsdets Daa
. 'SM Prediction (arXiv:0906.5273 [2009])
68.27% coverage in 2dim
. 95.45% coverage In 2im
—~ 10
Ko}
o
=
T
o 8
Q
o
Blessing Items
6|
06 038 1 12 14
R= B(t -» Wb)
B(t » Wq)

Lepton+Jets CDF Preliminary 8.7 fb~!

Ops—té (PD) 7.5 £0.3 (stat) £0.9 (syst)

R 0.94 + 0.04 (stat) £0.09 (syst)

[Vis| 0.97 £ 0.05 (stat+syst)




Results: Systematics

P.Butti,

(SChiarell, 5. Lepton + Jets CDF Preliminary 8.7fb~!
Source +0R  —0R  +00p554 —00p5tF
(pb) (pb)
Statistical 0.043 -0.043 0.29 -0.29
Jet Energy Scale 0.016 -0.019 0.46 -0.41
ISR/FSR 0.006 -0.006 0.22 -0.21
Blessing Items Top mass 0.001 -0.000 0.33 -0.32
b-tagging 0.078 -0.073 0.06 -0.03
Background Normalization 0.056 -0.052 0.78 -0.66
Luminosity 0.001 -0.002 0.44 -0.39
Signal Modeling 0.001 -0.002 0.04 -0.02
Triggers 0.003 -0.002 0.13 -0.12
Muon Identification 0.002 -0.002 0.08 -0.08
Electron Identification 0.002 -0.003 0.04 -0.03
2o cut 0.000 -0.001 0.02 -0.01
Others 0.003 -0.003 0.02 -0.02

Squared sum 0.098 -0.092 1.08 0.96




Results: Lower Limit

CDF Preliminary 8.7 fb”' Lepton+Jets Final State

" R>0.78(95% C.L)

Blessing Items | | SM as-
sumption

" R=|V2

Posterior Probability Distribution

065 07 075 08 08 09 09

R = B(t —» Wb)
B(t - Wq)
Lepton + Jets CDF Preliminary 8.7fb!
Value (stat+syst) Lower Limit 68% CL Lower Limit 95% CL
Gppsiz (D) 75=1.0 - -
R 0.940.09 0.876 0.785

|Vis| 0.97 £ 0.05 0.936 0.886




Results: no SM assumption

Results without SM assumption

m Without the unitarity constraint we have

1-R Vil + |Via)?
: = 0.28 1
Blessing Items R | th|2 < ( )

m Using |Vis| = 42.9- 1073 and |Viy| = 8.4 - 10~3 (PRD 86
010001 (2012))

m This leads to
|Vip| > 0.08 (2)



Conclusions

m We measured R and o,; simultaneously using 8.7fb—! of data
m The results are consinstent with the Standard Model Prediction

Blessing Items m The first public note draft has been sent to John and Monica
and to Dave and Costas as well

m After blessing we will go for the paper draft ASAP



BACKUP




Sample Composition:J1Et,J2Et, LepPt,Ht 1 Tag

COF Run Il Preliminary 8.7 fb"
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P.Butti,
G.Chiarelli, S.
Leone, F.Sforza

Events / 10 GeV

Events / 10 GeVic

COF Run Il Preliminary 8.7 fb"
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Sample Composition:Met, WMt PreTag
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Sample Composition:J1Et J2Et,LepPt Ht
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Sample Composition:Event Tagging Efficiencies

0102 03 04 08 08 07 08 os
R

0102 03 04 08 08 07

98 1
R

0302 03 04 05 08 07 08 08 1 %0402 03 04 05 08 07 08 08 1
R



Event tag efficiency

The probability to tag an event PE*" (with 0,1 or 2 tags) is given
by:

Zp, II (1-#) 3)

J=1J#i
n—1 n
s = > pie ZPJ II @-p) (4)
i=1 J>i k=1,k#i,k#j

p;i is the probability to tag a jet.



Event tag efficiency

Using P,f‘fg':g we calculated the event tag efficiencies:
Zevents PJ
_ Jj k—tag 5
€k—tag — N : ( )
pretag

the sum is performed on Npretag

Considerations:

m We are using the standard MC sample for the signal modeling:
t — Wh only

m We should obtain standard results with R = 1 and simulate
t — Wgq per R#1



Analysis Overview

m Selected sample

com position EM,JetBin4  COF Run l Preliminary (87 fo")
£ Process | Cross section (pb)
s EWK - i T04£049
processes ¥ Single Top (t) | 0.68 £ 0.06
. Single Top (s) | 0.34£0.02
(WW'WZ'ZZ_vS'"gIe' w Ww 1134 £ 066
top,Z+jets, tt WZ 322002
signal) 7z 1.20 £ 0.06
a W +ets e Z+jets 787 £ 85
= non-W

CEM+CMUP+CMX - CDF Preliminary 8.7 fb~! - Lepton + jets

1-Tag 2-Tag
Process 3jets 4jets 5jets 3jets 4jets 5jets
EWK 954 + 82 814+67 269+22 239+33 277+37 98+13
Wjets (HF) 545+220 138456 33+14 56+23 177 5+2
Wjets (LF) 303 +£42 74+ 14 17+6 4+1 1.7+£04 06+0.2
non-W 125 + 50 35+29 10+9 6+3 01+15 01+1.5
Total 1928 +243 1061+93 330+28 306+40 296+37 104+13

Observed 1844 1088 339 275 273 126




Measurement Method: Event Tag Efficiency

m So far: CDF

P.Butti

G.Chiarell standard analysis 58 S e
Leone, F.S . g 045
n with ’ s :::ntrul /?7
R — Bl—wh) _ s =
Measurement = B(t=Wq) — e
method “;’
m We removed this ot
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parameter o:‘ 0T b2 03 04 08 06 07 08 b8 1
R
m Prediction of tt
o 020
events How "
06| — Central
P— . . - - oA
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asurent S

P.Butti

G.Ch ”'; CDF Run Il Preliminary 8.7 fb* Lepton+Jets Final State
Leone, F.Sforza 2000

i —— L+Jets Data
Background
Measurement 1500
method 9
§ 1000 - 2B~ Wh)
o B(t -~ Wa)

500

1-Tag 3jets ' 1-Tag4jets 1-Tag=5jets 2-Tag3jets  2-Tag4 jets

m Number of events with 1- or
2-Tag in the final state

m Total prediction pieyp Vs
observed data Nyps

Hexp = ,Uftf(R, Upﬁ%t?) + kag

Lepton+Jets CDF Preliminary 8.7fb~!

1b Tag 2b Tags
3jets 4jets >5jets 3jets 4jets >5jets
R=0.1 11174£230 279+65 68+18 88+24 25+8 73
— 1365+£232 56172 186422 100+24 469 19+4
Background (N%) R0 11234232 282468 70£18  90£27 2549 73
Total Expected (u¢,,) ~— 1680+238  857+84 270+25 162+27 124+17 477
R—10 11274+233 283+67 69+18 90£27 25411 7+3
T 19274243 1060+£93 330£28 306+£40 296+£38 104+13
Observed(NVi,,) 1844 1088 339 275 273 126




Measurement Strategy: Likelihood fit

P.Butti, m Simultaneous fit on R
G.Chiarelli, S.
Leone, F.Sforza and Opp— tt
m Recursive procedure:
m (1): Fit on data
and extraction of R

Measurement
method

and oppyi7

m (2): New sample
composition
analysis with the
fitted 0pp—s ¢z

m (3): Go back to (1)
until stable result:
|48 | ~ 0.001

Npins

!
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O (Pb)
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Nsyst

(R, 0pprees ) = [ 2 (ep(R, opposee i) INGss ) TT # (510, 1)
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