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D0’s Measurement of the W mass in W= ev Events
Data Sample: 1 fbl. DO Collaboration, Phys. Rev. Lett 103, 141801 (2009)

Motivation

W mass is a key parameter in the Standard Model. This model does not predict the value of tr
W mass, but it predicts this relation between the W mass and other experimental observables

[ T 1
\ V2Gp sin By /1 = Ar

Radiative corrections (A r) depend on M as ~Mt2 and on M as ~log M. They include diagram
like these:

My =

\ ;’ “| Precise measurements of M_ and M,
we W \ constrain SM Higgs mass.
\i/ “;‘\ \\\\\\\ AANAATCANAANS '\/\/\/\‘/‘\’-
For equal contribution to the Higgs mass uncertainty need: The limiting factor here
AM =~ 0.006 AM . will be A M, ,notAM !
W t t

Additional contributions to Ar arise in various «‘;/W{/ }N;;v
extensions to the Standard Model, \ N /
e.g. in SUSY: e
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Signature in the detector

Isolated, high p,. leptons,
missing transverse momentum in W's

Z events provide excellent

//// control sample

~._ Neulrino

L oot lying cvent

In a nutshell, measure two objects in the detector:
- Lepton (in principle e or y; e in our analysis),

need energy measurement with 0.2 per-mil precision (!!)
- Hadronic recoil, need ~ 1% precision
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Experimental observables

| — N P(W)
- O P_(W) included

| Detector Effects added

dN/dp.(e)
Arbitrary linear scale

p-(e) most affected by p (W)

30 35 40 45 50

Ref. hep-ex/0011009 pl(c) (GCV)
o
=K _
S 5 My = \/2E‘T,ET(1—COSA¢)
Z. £
°g
2 M. most affected by measurement
<
L : L . of missing transverse momentum
h ) 60 65 70 75 80 o V0 9s

m.. (GeV)
|
Need Monte Carlo simulation to predict shapes of these observables for given mass hypothesis.
D@ use ResBos [Balazs, Yuan; Phys Rev D56, 5558] + Photos [Barbiero, Was, Comp Phys
Com 79, 291] for W/Z production and decay, plus parameterised detector model.
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DO Tracking and Calorimetry Geometry

)

Intercryostat
Detector

Central Fiber Tracker

First active layer of

liquid argon
A
about ' B
3.7 X, in Vi
between ! | j
\ IA
Interaction o
point Central Preshower |
Detector !
L\. 0.3 X plus 1 X of Ieﬁd

» Liquid argon active medium and (mostly) uranium absorber
» Hermetic with full coverage :|n | < 4.2
» Segmentation (towers):An xA ¢ =0.1x0.1

(0.05x0.05 in third EM layer, near shower maximum)
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Calibration of Detector Response

* m, known very precisely from LEP
» Z2>ee lepton rapidity and
momentum spectrum similar
to W—>ev

Z+hadronic recoil events used to
calibrate hadronic response,

and electron ID efficiency vs.

P; and proximity to the hadronic recoil

Material tuned in a fast simulation to
make electron energies match in Z>ee
in each calorimeter layer.
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18,725 Z>ee candidates
selected — negligible backgrounds



D0’s Measurement of the W mass in W=>ev Events
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W mass Systematic Uncertainty Summary

AMw (MeV)
Source mr DT /-
Electron energy calibration 34 34 34
Electron resolution model 2 2 3
Electron shower modeling 4 6 7
Electron energy loss model 4 4 4
Hadronic recoil model 6 12 20
Electron efficiencies 5 6 5)
Backgrounds 2 5 4
Experimental Subtotal 35 37 41
PDF 10 11 11
QED 7 7 9
Boson pr 2 5) 2
Production Subtotal 12 14 14
Total 37 40 43
My, = 80.401 £ 0.021 (Stat) + 0.038 (Syst) GeV

80.401 £ 0.043 GeV.
DO Collaboration, Phys. Rev. Lett 103, 141801 (2009)
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Tevatron W Mass and Width Combinations

Width of the W Boson
Measurement 5 I, [MeV]
CDF Run 0/l — 80.436 + 0.081 A - 2 032+ 329
DO Run | — e 80.478+ 0.083 CDF-Ib - 2,043 + 138
CDF Run I —e— 80.413 + 0.048 D&l ¢ St lre
CDF-II —e—L 2,033+ 72
Tevatron 2007 —e— 80.432 + 0.039 ;
DZ-II —e—i- 2,034+ 72
DO Run Il —e—i 80.402 + 0.043 v2/dof=1.4/4
Tevatron 2009 —8— 80.420 + 0.031 Tevatron Run-I/Ii —e—1- 2,046+ 49
LEP-2* [—e— 2,196 + 83
SM World Av.* = 2,085+ 42
World average = g 80.399 + 0.023 : * (Preliminary)
| | | Julyos | . . L . |
80 80.2 80.4 80.6 1600 2000 2400
m,, (GeV) Iy [MeV] February 2010

Preliminary 80.402 GeV number used
for DO in this plot.



Matrix Element Basics

Predictions given by QM matrix element, PDF’s and
phase space.

Many processes (signal and background) give the
same observable quantities in the detector -- cannot assign
an event to be signal or background (if we could, we would!)

Instead, ask what the ratio of chances of getting an event
from signal or background processes. Need to incorporate
experimental resolution effects.



Imperfect Reconstruction

e Missing neutrinos! Missing E; resolution not perfect.

e Jet energies not perfectly measured. Directions are
pretty good, and leptons are measured well.

e What parton 4-vectors could have given us the measured events?

PDFs transfer
ME function
1 f(y1) f(y2
P(z) = = / 21t | M |? ’ ]é I) | ]E; |)W(y,x)d<1>4qulqu2
g1 g2

y=parton (or neutrino momenta), x=measured jet
guantities.

Do this for each physics process -- form a likelihood ratio from them



D0’s Matrix-Element Lepton+jets m

top Measurement

Light quark

LLLLL

Select events with one e or , large Missing E;, exactly four jets, at least one
b-tag. Selects 825 e+jets, and 737 p+jets events in 3.6 fb!

. 24 : '
1 ‘ 9, ‘ R ‘ q q: ]
Psg = — Z-u,r,- / dpdm3 dM7 dm3dMj dpe dgf dg) dgs dq) Z M ;)2 f (11‘)’) J (%) QW (z,y; kygs)
obs i=1 flavors,v \/ (Mapaf gy )* —m2 m2,
v -
L 006H{a)0<mi<05 D@ S 0os{d)1.5<m<25 DG
Q Q
S E, (GeV) G | E, (GeV)
= . = "
- - oo T A 60
i 004 A TR — 0.04 -
i A @ - — 120
= // \ /'\ 3
> - : Y \/ - E
C 0.02 : 4 \( \ |_u“>‘0.02 B \ /"\\’_’
: ) : \ x ! ~/‘\ N,
ﬁu ',' // “,‘ \/ \\ —\ I;.u: // \‘,‘/‘ \\ \.\
3 0 AR h - et e eSS
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Background rates fit in situ using W+jets background matrix elements
Pevy = A(x)|f Psg(2:my, kygs)

+(1 = f)Pokg(2: kyus)]
DO Collab, Phys. Rev. D 84, 032004 (2011).



D0’s Matrix-Element Lepton+jets m, . Measurement

top

Source Uncertainty (GeV)

Modeling of production:

Modeling of signal: ({p] 1.06p—T1T 1T T T
Higher-order effects +0.25 g iDg 2.6 fb-1 . _E
ISR/FSR +0.26 X 1.05 ’ -
Hadronization and UE +0.58 E_ . . _:
Color reconnection +0.28 1.04 E E
Multiple pp interactions +0.07 1.03 5. . _:

Modeling of background +0.16 N .

W -+ jets heavy-flavor scale factor +0.07 1.02 :— —:

Modeling of b jets +0.09 . -

Choice of PDF +0.24 1.01 - .

Modeling of detector: E E

Residual jet energy scale +0.21 1 :_ _:

Data-MC jet response difference +0.28 :_ _:

b-tagging efficiency +0.08 0.99 C ]

Trigger efficiency +0.01 0.9? PP B B BN SR I

Lepton momentum scale +0.17 70 172 174 176 178 180 182

Jet energy resolution +0.32

Jet 1D efficiency +0.26 mt Gev

Method.:

Multijet contamination +0.14
Signal fraction +0.10
MC calibration +0.20
Total +1.02

m,=176.01 + 1.01 (stat) + 0.79 (JES) + 1.02 (syst) GeV = 176.01 + 1.64 (GeV)



CDF’s All Hadronic Top Quark Mass Measurement

Select events enriched in hadronically-decaying ttbar:

FSR jet

* 6-8 jets separated with AR>0.5
* 1 or more b-tags
* No identified leptons

NN built on these variables

1) Sum of the tight jets E;

Light quark jet

01)

Events/(0

3000

2) Sum of the subleading tight jets E;, obtained by removing the two leading jets;

3) Aplanarity;

4) Centrality;

5) Minimum of the invariant masses of dijet systems;

6) Maximum of the invariant masses of dijet systems;

7) Minimum of the invariant masses of trijet systems;

8) Maximum of the invariant masses of trijet systems;

9) E;*" = E;! sin?(6,") where E;! is the transverse energy of the leading
jetand 8," its polar angle in the center-of-mass system of the tight jets;
10) E;%;

11) < E;" >, (geometric average of E;" over the 3™, 41", Nt jets);

12) geometric average of the untagged jets n-moments in the calorimeter
13) geometric average of the untagged jets d-moments in the calorimeter

Events/(0.01)

700

500

400

; 4000

35001

CDF Run Il Preliminary (5.8 fb™)

[ 1tagevents Data

F 050<N,, <125
- Bkg + ff (M_ =172.5, AJES= 0.0)

e

+*/Ndof =67.3/ 54

% Prob =0.105

CDF Run Il Preliminary (5.8 fb™)
- =2tagsevents _+_ Data

[~ 050 <N, <125
C - Bkg + 1 (M <1725, AJES=0.0)

o

%*/Ndof =49.6 / 53
r %* Prob = 0.609
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CDF’s All Hadronic Top Quark Mass Measurement

Best-fit m,"*¢ computed for each event, along with goodness-of-fit

1 2 2 2 1 rec)? 2 rec)?2 ( meas) 2
2 _ (mg'j) — Mw) n (mg‘j) — Mw) n (mﬁ-j?, —m;*) n (mﬁji —m;*) n 26: (p%:: — P75*)
* I% T% ¥ r7 =
{N,,>0.97, x3(m,") < 2, x*(m,"c) < 3} for 1-tag events
{N, > 0.94, x3(m,) < 3, x*(m,"c) < 4} for 22-tag events
Exp tt(S)
Sample Nas |Exp Bkg (B) S/B
(Mo = 172.5, AJES =0
Sres | 4368 | 3652+ 181 8814+ 73 0.24
1-tag
Sastop | 2256 1712+ 77 604+ 50 0.35
Sies | 1196 | TI84 14 168 + 38 0.65
= 2-tags
Sistop | 600 305+ 22 316 £ 26 1.04

Background rate constrained in 5-jet data with data-calibrated tag rates
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CDF’s All Hadronic Top Quark Mass Measurement
Templates for fitting (m,__,JES)

top’

© 0.1 tt mP°templates, > 2 tags events (AJES = 0.0) SOOI i s I = m 725 . ~ o1
E i " N £ ttm" templates, 22 tags events ( top 172.5) 'é oot mie templates, 1 tag events (AJES = 0.0) é -'[” tt myy® templates, > 2 tags events (wa =172.5)
r =160.0 ] C F
0.08 ® 007 s |
oL LS O TEE B sEs=-20 G 0.7 M, =160.0 < AJES = 2.0
8 n E 0 F top 0 -
3008 - M, = 1725 Soorb JES a8 f 008
g o 1asn i [ ases = 00 3 008 B v, =1725 g | 0 ases= o0
> - = B L c F
[im] L top 5 0.06 AJES = 2.0 5 r M,,, = 185.0 E AJES = 2.0
S p.o6|- P(m™ |M_ AJES) = f L 005 = 0.06— o
s e coost Py(m;™ | M, AJES) s Po(m(e® | M, AJES) 2 0.06 PL(m | M, AJES)
0T S g.0af- s g T
0.04— w E w o3 0.04—
[ 0.03- F L
F E 0.02[ r
0.02 0.02~ F 0.02(-
[ .01k 0.01 -
- 1 l o | | | F T o FConllornllocnllnonilo ol I
0 e — (= S e —— 20 40 60 80 100 120 140 160 180 200
100 150 200 250 300 100 150 200 250 300 20 40 60 80 100 120 140 160 180 200 me [GeV/c?]
mi* [GeV/c?] m* [GeV/c?] m [GeV/c?]
m VS. M. . m JES m VS. M. . M rec vs. JES
t,rec t,input t,rec Vs. W,rec t,input ’

N F rec —~
L F 2 2tags m™ Background o E > 2 tags m'® Background
30.045 sk v
G B 3 voaf-
o 0.04F . Background ? . . Background
= = So.035
a E a r
£0.035 F
50035 R 3 P (™) Background Templates
w F o e F w
« 0.03— .- F
o £ 2] E
< . £0.025
=0.025 2 F
o - o n
@ F S 0.02—
L 0.02F s .

0.015F 0015

0.01F 0.01
0.0051 0.0051
100 150 200 250 300 60 80 100 120 140 160 180 200
m{®° [GeV/c?] my° [GeV/c?]
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CDF’s All Hadronic Top Quark Mass Measurement

CDF Run Il Preliminary (5.8 fb™)

“5 300 2 1-tag events
>
g — Data
Q 250 _
271 I Fitted tt
£ J00l Fitted Bkg
> L
w -
L ¥*/Ndot =17.3/33
150}~
L Prob = 0.989
100~
saf-
c- R a L M ate el
100 150 200 250 390
m° [GeV/c

M

top

Events/[5.0 GeV/c?]

CDF Run Il Preliminary (5.8 fb™

C = 1-tag events
sao:— + —— Data
" Fitted tt
4001 Fitted Bkg
300} ¥?INdof = 41.7 / 41
i Prob = 0.439
200:—
100
c;.ll|IlllllllllIIIIIlIIlIIIlllII Iltm.
20 40 60 80 100 120 140 160 180 200

mie [GeV/c

=172.5 + 1.4(stat) + 1.4(syst) GeV/c?

JES]
-
3

AJES [o
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CDF Run Il Preliminary (5.8 fb™)

N -Ln(L/L__) Contours, 1+ =2-tag events
«9[" X Fitted Values

[ — -Ln(LL,_)=45

L -La(LL_)=20

- -La(LL_)=05

P PN PR BT BPETETE ArETErE AR B

166 168 170 172 174 176 178 180

M., [GeV/c?]
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Mass of the Top Quark
July 2011 (* preliminary)
CDF-| dilepton ° 167.4+11.4 (+103+ 4.9) T i
D@-I dilepton . 168.4 +12.8 (£12.3% 3.6) 4 JCMS excluded
CDF-Il dilepton —— 170,64 3.8 (22531 — LEP2 and Tevatron
D@-II dilepton e 174.0+ 3.1 (+18425) |~ LEP1and SLD

CDF-I lepton+jets

D@-1 lepton+jets

68% CL

176.1+ 7.4 (£51+£53)

>

180.1£ 5.3 (+39+36) | (§ 80.4-
3
S

CDF-II lepton+jets - 173.0+ 1.2 (£06+1.1)
D@-1l lepton+jets u 1749+15 o812y &+ o & e
CDF-I alljets ?86.0 4+11.5 (+10.0+ 5.7) ‘
CDF-II alljets * - 1725+ 2.1 (£ 1.4+ 15) rnee il '
CDF-II track ® 166.9+ 9.5 (+ 9.0+ 2.9) 60.91
:DF;II MET+.:ats; * "‘:" 1723426 (£18+18) 55 175 105
evatron combination 1273,21, 0.9 (05108) mt [GeV]
| I | | % Idof|= 8.3/11 (68.5%)
150 160 170 180 190 200 From G. Tonelli’s CERN seminar,
My, (GeV/c?) 13 December 2011
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Events

Measuring the rate of ttbar+jet(s) . ouic

CDF, 4.1 fb? Note 9850 (2009)
Require: 20 GeV isolated lepton Jet E->20 GeV
. T
20 GeV Missing Transverse Energy 2.0
At least one b-tag | n | <Z.
H>220 GeV
;:: 3.5 CDF Run Il Preliminary L = 4.1 fb™

- CDF Run Il Preliminary L = 4.1 fb™' b C

B [l pata 3 - H68% CL

R 5+ 0j (5.5pb) C W95% CL
- M i+j(1.6pb) 25
1000— B single Top C
= . W +HF N
i I Mistags 2
Il Non-w -
B B Z+jets =
B Di-boson 1.5 -
500 — -
- 1 -_
0.5

1 Jet 2 Jets 3 Jets 4 Jets =5 Jets 04””4!5H”élI”5|.5HHEISHHGI.SHH;'HI%I.éHI8

Measured: ofttbar+j) = 1.6+ 0.2 (stat) £ 0.5 (syst) pb
NLO Prediction: 1.79%%1¢ ., pb S. Dittmaier, P.Uwer, and S.Weinzier|,
arXiv:0810.0452v2 [hep-ph].

Measurements like this can help constrain exotic particles decaying to top + jet(s)

See Eleni Vryonidou’s talk yesterday
T. Junk: Tevatron Results, LHC PhenoNet Winter School 2012
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W Helicity in Top Quark Decay

lepton
In the W decay frame: g*
€

top quark direction

1
0.9
0.8
0.7
0.6

£

=%
o 80.5

© 04
0.3
0.2
0.1

-
-

TT]TIII[TTIIIIT]III T]llll[1TIIITT11]HTTIIIII
]

llo”

| |-|-'1'}'|'.1'.|.|.1 11

I

- — Sensitive to:
Theoretical Cos6* distributions ) )
* Exotic Wtb couplings
—— Standard Model * Non-standard top quarks
—— Longitudinal » Exotic W bosons (charged Higgs?)

— Left-handed
——— Right-handed

| SM Predictions:
f,=0.698
f=0.301
f,=4.1x10*

1 I 1 11 I 11 1 I 11 1 | —

[ N
0

—

-08 -06 -04

-0.2

0 02 04 06 08 1
coso*

DO Collab., arXiv:1011.6549 [hep-ex], Submitted to Phys. Rev. D




Entries/0.04

Entries/0.04

Selection of ttbar Events

Lepton + jets
Require e or y, >=2 jets,

Lepton + jets two b-tags, Missing Energy

Require e or y, >=4 jets,
two b-tags, Missing Energy

10°c (b) DO, L=4.3 fb'

Entries/0.01

(a) D@, L=4.3 fb' « Data 10°
B Multijet 102
B wij .
o wee eetjets 1
B wbb ; 1
J/ I H+J ets 0 041 02 03 04 05 0.6 0.7 %%“g.‘gl K
¢ Selection
i i 3 =4.3 fb’ —— Data
% 010203040506 07 0309 1 likelihoods based s () DO, L=43f" P
Optimal L, on kinematic £
variables e
(b) D@, L=4.3 fi5" . Dat : ) MU+jets
B Mot I|ke‘ H, and b-tag 10
R variables. Try not 10701020304 050007 08 09 1
[ wee Optimal L,

etjets  to sculpt cos®*

B wob =
ll f too much S s (@ DoL-asm’
2 o5 [ Fake lepton
5 Bz
20 Eww
% 0.1 02 03 0.4 05 0.6 0.7 0.8 0.9 : 15 il
Optimal L, E|J.+_]et5 10 +
gl
arXiv:1011.6549 [hep-ex] % 0.1 02 03 04 05 0.6 07 08 09 I_‘1
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DO’s lepton+jets W Helicity Measurement in 5.4 fb-! of Data

cosO* Distributions after Detector, Trigger, Reconstruction and Selection requirements

Lepton + Jets Channel Dilepton Channel

=
—

S 0.12F s 02- . S 0.12F
© 0.12 — Left-handed > (b) D@ — Left- or right-handed s F Dg ~ Left-handed
g 3 bog Longitudinal (a) S0 Longitudinal % o1 [ L Longitudinal
§ o0aE -~ Right-handed § T e § 0.08— P Right-handed
g 0.06- » e a 0.1 [ — o 0-065— g (c)
.04 | [ Ty 0.05F . 0.04-- | : o L
002 = 7 S 0.020| i
TR 0 0 02 04 06 08 1 0; 0.5 0 05 1
coso* |coso*| coso*
leptonically decaying W Hadronically decaying W
- 120m S 20004 | DG, L=43f" () | 3 | DO, L=43fb"  (c)
s F Ll Do, L=43fb" (@ 2 F ! 8 1500 —— DO data
81000 £ 150 £ . — Signal + bkg.
£ - w C 1] N e B S SM Signal + bkg.
80 - o
b 1000 L [ Bkg.
60:_ E . E &= ==
a0 so- o | 50F
20}_ %5 R S S | B S S | R S S SO | R S S S W S S 0_ !-- 2
L T - S TS 0.2 0.4 0.6 0.8 1 -1 -0.5 0 0.5 1
1 0.5 0 0.5 coso* |coso*| coso*
arXiv:1011.6549 [hep-ex] Each event counts

twice.



0.2}

Fitted Helicity Fractions

0.8f
0.6/

0.4

_______

(b)
DO,L=54fb""

® Best-fit value
* SM value

SM Predictions:
f,=0.698
f=0.301
f,=4.1x10*

arXiv:1011.6549 [hep-ex]

0.739 + 0.091 (stat.) & 0.060 (syst.)
—0.002 £ 0.045 (stat.) & 0.032 (syst.)



CDF’s Dilepton W Helicity Measurement

Select dilepton + Mlssing E; + 2 or more jets events in 5.1 fb! of data

Combining results from events with a b-tag and events without

Non-tagged Signal Events

b-tagged Signal Events

Source 74 Source 44
WW 11.3542.36 WW 0.37+0.10
W7 3.40£0.55 W7 0.08+0.02
e A 77 0.17+0.14
i it DY+LF 1.3940.12
b i DY+HF 2.2840.18
DY— ee + pp 21.49+3.24 Fakes £ 4641 59
Fakes 47.81+£14.79 - —
Total background 96.05 +17.32 To_tal background 9. “'Dil'_ﬁ(g
t (o = 7.4 ph) 107.17413.90 tt (0 =7.4 pb) 129.96+8.10
Total SM expectation || 203.22+29.90 || Total SM expectation || 139.71+9.66
Observed 206 Observed 137

http://www-cdf.fnal.gov/physics/new/top/2011/WhelDil/cdf10543 WhelDilPub_Combo_v5.ps

T. Junk: Tevatron Results, LHC PhenoNet Winter School 2012
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CDF’s Dilepton W Helicity Measurement

cos 0 forLOW | [CDF Run Il preliminary (5.1 fb™) | ‘ cos 6 for RHW | [CDF Run Il preliminary (5.1 fb™) | ’ cos 6 forLHW ‘ [CDF Run Il preliminary (5.1 fb™)
[LX]== - r utopoj
F 0.8 4 12 Entries 634
08— - u Mean 04226
- - N RMS 0.3901
07 0.7 1P 221 ndf 1095/ 12
e - . Prob 0.5334
06k 0.6[— ’ 0o 0.4296 + 0.0153
= - 0.8l p1 -0.8986 + 0.0686
: utop2j 05F - 2 04284 +0.2014
0.5 Entries 6562 ~E : 5] 0.2804 + 0.4760
o Mean -0.1717 = Entries 6066 06 p4 0.537£0.573
0.4 RMS 0.4276 0.4 Mean 0.09423 : 07084+ 1.0234
E / ndt 11.24/15 s RMS 0.4555 .28+
0.3~ Brob 0.7356 03f 2/ ndt 17.17/16 0.4 p7 1.336+ 0657
s p0 0.7077+ 0.0126 = Prob 0.3744
02 ! e7a7 £ 0.0252 02f- PO 0.7225+ 0.0104
0.1 P2 07041+ 0,0315 g n 08739% 0.0169 °
20.223 +0.062 0.1 p2 -0.6733+ 0.
ol P . p3 -0.2974+ 0.0332 A TN TR T _ .
-1 -08 06 -04 -02 0 02 04 06 .8 1 PN PP PP P I I T T e e -1 -08 06 -04 02 0 02 04 06 08 1
cos 8 1 08 ©06 04 02 0 02 04 06 08 1 cos @
cos 8
For pre-tagged events I For pre-tagged events
p 88 CDF Run II Preliminary (5.1 ﬂf' ) 4 88 n I CDF Run II Preliminary (5.1 jb" )
- K-S Test: 0.740 —e- DATA 1400 K-S Test: 0.740 —e— DATA
" 2 Test : - 4% Test :0.717
140~ 7~ Test :0.717 . r Entries : 608
_ (Entries : 608) 120F (Entries : 608)
120 I:I i (MT°p=175 GeV) r | A | ——— Signal+Background
N . N 100 L e S SR Background
N [ | | [ Diboson ot ! | g
© 100— —e ° *— S :
~ - | | DY - ee+pu o 80—
3 oof B
. —@—
.-E - [JoY > 5 60|
- ¢ oy
0 0 B Fakes = [
40— 20
20 o-1 -0.8 -06 -04 -0.2 0 02 04 6 08 1
cos 6*

-1 -08 -06 -04

-0.2 0
cos 0*

0.2

04
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CDF’s Dilepton W Helicity Measurement

negative log-likelihood | CDF Run Il preliminary (5.1 fb™) |

)
o

(=)
-

ncorrected
o
o
o

f, (u

o

,l’v,}lll IIIII[IIIII/II

-0.05

-0.1

-0.15

N W A OO0 0O N O ©

-0.2

—

_IIIT]IIII]III}I

-0.25

09
f, (uncorrected)
Joint fit of f, and f,:
f,=0.71+018  _ (stat) + 0.06 (syst)
f, =-0.07 £0.09 (stat) + 0.04 (syst)

Constraining f, = 0 Yields f, = 0.59 + 0.09 (stat) + 0.06 (syst)
Constraining f, = 0.7 yields f, = -0.07 + 0.04 (stat) + 0.03 (syst)
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Combined W Helicity in Top Quark Decay Measurements

o —
- B CDF + D@ preliminary combination
Uy L=27-541fb"
0.8 * Combined result
T * SM value
: o CDF l+jets
06 : .. 0o CDF dilepton
- . 68% and 95% .. A DY
0.4 ' C.L.contours
0.2
o Boundary of allowed region
_IIIIIII|III|III|III|III|IIIIIII

02 O 02 04 06 038 1



Spin Correlation in ttbar Decay

Top quarks are unpolarized at the Tevatron
P9 P ~85% of the t

cross section

Nonetheless, spin is expected to be correlated
at the Tevatron

between the two top quarks.

|

Top quark decays before it hadronizes — almost
all of the polarization remains in the decay.

. L : ~15%
Maximally parity-violating tWb decay analyzes spin.

|

SM Predicted correlation: C=0.78%0-%3 ; /, at NLO in QCD,

using the beam axis as the spin quantization axis, and 100% spin
analyzing power (true for leptons)

(Bernreuther, Brandenburg, Si and Uwer, 2004)

d?0,;/d cosfi1dcosfy = o,5(1 — C cosfy cosby)/4



Spin Correlation in ttbar Decay

DO Measurement in 5.3 fb! of data arXiv:1110.4194 [hep-ex], submitted to Phys. Rev. Lett

Event Selection:
lepton (e or u), pr>20 GeV
Missing Transverse Energy > 20 GeV (e), 25 GeV (p)
4 or more jets with p;>20 GeV, |n|<2.5
Reject cosmics, conversions, dileptons (rejects Z, diboson)

Matrix-element technique used to test the hypotheses of uncorrelated spins and
correlated spins.

1
H=u (uncorre|ated) Psgn(l'; H) — Oobs / fPDF(ql) fPDF(QQ)dq1dq2
c (correlated) 4 9
 COAM@EE e

q192S8
W: Jet transfer functions.

Probabilities summed over reconstruction ambiguity (jet assignments)

Pign(z; H = ¢)
Pign(z; H = u) + Py (z; H = ¢)

Define a R =
likelihood ratio



Nevents/ bm

Evidence for Spin Correlation in Top Decay

Optimizations for sensitivity:
* Analyze |+4 jets events separately from I+5 or more jets (reduced combinations)
* Analyze events with m; for the untagged jets close to m,, or not (£25 GeV)

1

140 : -
| —— Data D@, L=5.3 b DO L=5.4f0"
120 — tt SM spin corr. [ ]
IBELLLELE tt no Spin corr. . 0.8 _Feldman
100 B measured tt 4 jets ‘Cousins
gi— \?\}ﬂ%{s m; ¢ close to 0.6-_conversion
%07 = Multijet My [to measure

60

I\)_I | | | 1 | | | 1 1 | | 1 | 1 I |

0.4
40-

. 0.2 68.0% C.L.

s 95.0% C.L.

99.7% C.L.

0 0.4 0.45 0.5 0.55 0.6 . . S B

fmeas

DO’s “f” is just a scaling to their MC sample which is generated with the SM correlation

A =0.66%0.23 (stat+syst), accounting for all dilutions

meas

arXiv:1110.4194 [hep-ex], submitted to Phys. Rev. Lett
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Measurements of Single Top Production

Signals

b t
b
g "
s-channel t-channel Associated tW

~ 1 ~
(~ 1 pb) (~2 pb) Production (~0.2 pb)

RecoTop Mass

- Well known problem of interference between Wt

§ T T T
and ttbar production. t 3% -
— t e - ‘,20355
g voOOY——_ g w?SC\\ 0,03} -
A R 0.025;
_ ~ W 0.02-
9 voooll ~JY g
oS 0015F Discrepanc
. - E :
b 0.01f- on tail
voosi
. _ 0500150 500 250 00
See talk of Mohammed Assadsolimani yesterday LN Mase,
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Measurements of Single Top Production

Lepton

An s-channel
signal event

Event Selection:

— looks like
Typically: / Ul
Selects events with
a leptonically * A high-P; lepton, P,>20 GeV, |n| within detector acceptance
decaY|ng W bOSOh, ° Missing ET (>25 GeV)

rejects multijets

Reduces W+light _
flavor and W+charm { One or more b-tagged jets
while keeping single | L* Two, three, or four total jets -- [n| out to 2.8, jet E; cut at 20 GeV

top.

Jet requirements
reduce ttbar

* Veto dileptons (reduce Z+jets)
* Veto cosmics
* Special multijet vetos based on M(lv) and Missing E;



Backgrounds in the b-tagged W+2, 3 jet sample
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Expected Yields in DO’s 5.4 fb! Single Top Measurement

Source 2 jets 3 jets 4 jets

tb 104 £+ 16 44 + 7.8 13 £ 3.5
tqb 140 4+ 13 72 + 9.4 26 £ 6.4
tt 433 + 87 830 £ 133 860 + 163
W +jets 3,060 4+ 354 1,099 4+ 169 284 4 76
Z+jets & dibosons 400 4+ 55 142 + 41 35 + 18
Multijets 277 £ 34 130 4+ 17 43 £+ 5.2
Sum of above sources 4,914 + 558 2,317 + 377 1,261 + 272
Data 4,881 2,307 1,283

Modeling:

Single top: MC (SingleTop) normalized to Kidonakis’s NNNLO+NNLL cross section
ttbar: Pythia normalized to Moch and Uwer’s (~)NNLO cross section
W+jets: Untagged Alpgen MC scaled to data (minus non-Wjets). W+HF K-factor
computed with MCFM. CDF uses HF K-factor from W+1 jet sample, but it is an
extrapolation to use that in the 2+ jet samples, so larger uncertainty
Z+jets, dibosons: NLO cross sections * MC
Multijets: Constrained in data sidebands



A Neural Network Flavor Separator for Jets
Tagged with a Displaced Vertex

Inputs used:

Take advantage of long B hadron
lifetime (~1.4 ps) and large mass
(~5 GeV), compared to light
flavor jets and charm jets

Invariant mass of tracks

in reconstructed displaced vertex
Reconstructed decay length
Decay length significance

Track impact parameters

Track Impact parameter
significance

Track p; relative to jet axis
Presence of lepton candidates

T. Junk: Tevatron Results, LHC PhenoNet Winter School 2012

(a)
W + 2 Jets, 1 b Tag

c — Sin
S 0.2 -
(4] W+bottom
E W+charm
.I-I_-. 0.15 — W+LF
- — Other
Q
@ 0.1
0.05 _1% =
1 05 0 05 1
bNN
(c)
W + 2 Jets, 1 b Tag
3 L
5 L
IE 200_—
) A
-
2
2 100
S I

Normalized to Unit Area

Normalized to Prediction

Candidate Events

Candidate Events

(b)
W+1Jet, 1bTag

200

100

- CDF Data
[l single Top
Ot
[CJw+bottom
[FJw+charm
W W+LF
[l Other

7 T

(d)
W + 3 Jets, 1 b Tag

150F

100

o
T '°l T T

Normalized to Data

Normalized to Prediction
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pb / (5 GeV)

A Powerful
brrlvTrrrrI'rllvlv11w-[
0.03 [ i _
0.02 - _
0.01 | 1\‘\_
P AP PR . S I
0 50 100 150 200 250

M®®(GeV)

Well, maybe a little
too powerful!

C.P. Yuan
Phys. Rev. D41, 42 (1990)

No experimental resolution
effects taken into account.

Reality sets

in: MET and

jet resolution,
wrong jet
assignment,
wrong p, , choice
all degrade
signal peak

Normalized Yield

Separation Variable -- Invariant Mass

s
> 300" < e+u channel
S S 1-2 b-tags
N 2-4 jets
2
S 200
>
W,
K/
Q
= 100
0J00 200 300 400
M(W,tag1) [GeV]
" (b) e+u channel
0.3 1-2 b-t?gs
| H 2-4 jets
B .i"‘i'. s-channel
0.2 [y - t-channel
S i
il 355\ % Wjets
0.4~ [l& “3b --Multijet
L ,_l ’,',;_.' \.{:‘ 'o/'./,"
74 Y P,
G ) T R s T R s
100 200 300 400

M(W.,tag1) [GeV]
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Normalized Yield

Qxn

Excellent t-channel

from proton

signal/background separator

Yuan, 1990.

8

d

from antiproton

| — s-channel e+.L channel
0.2 ... t-channel \ 1-2 b-tags
- tt ;‘ I." =
Wijets 2-4 jets
0.15[ --Multijet & —3
- .:.: ) . - :‘Vx_' .“
0.1 e /A j‘.‘, %
i /’ \: A. ;:““ “‘
I .i’ Of ) A “
.’9;-‘ """" * ) \é\ l‘
0!5 3 \' .

i 0';; g 0‘\; ‘c‘ \,\‘"
0~ i - L
-4 -2 0 2

Q(l) x n(untag1)

This jet goes forwards

~—

X
S
)
£1000
()
>
w
©
2 500
=
2 "2 o0 2 14

Q(lepton) X n(light-quark jet)
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N 10* -1 > - -1
S (c) DO, 5.4 fb = 0.6 (c) D@, 5.4 fb
o 103 2 - ; o)
@ 5 0.55— : eXPi%ted
o 10? 30.4;— : _349071 pb
I.ﬁ =l 0 33_ . A Gobseraled
- 10 N . [\=3.43:27pb
© -|- C
2 0 2
>= 1 0 1
-1 = — e
100" 02 04 06 08 1 725 456 78
Ranked B, , discriminant tb+tgb cross section [pb]
> n
|V, |2 posterior differs from = ot (a) DG, 5.4 b
the cross section posterior because S | |
of inclusion of theory uncertainties on the '21 DF §
tb+tgb cross section. e ¢
5 | |
Arise from m,, PDF, and factorization and 80.5¢
renormalization scale uncertainties. o |

05 1 15 2

=

The m,,, part is correlated with the acceptance.

Vil
| VSM |2 meas Denominator is Kidonakis’s calculation.
| VtZwaS I? = — th+1gb See also M. Assadsolimani’s talk
Utb+tqb DO Collab., Phys. Rev. D 84, 112001 (2011)
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Yield [Events/0.02]

Checking the Linearity of the Cross Section Fit
and the Expected Uncertainty

* Inject signal to a model
* Run Pseudoexperiments with each value of injected signal
* Fit the pseudoexperiments and plot the distribution of fit values.

—h
QU

2 10-DO MC
10° ; = ]
° g BT(C)
102 o B
o) 6
10 ro E
I |
1 3 .
@ o Slope: 0.996 + 0.002
107902 04 06 08 1 2 I . Intercept: -0.089 +0.008

Ranked B, discriminant

S

2 4 6 8 10
Input oy,,q [PD]
Fit uncertainty relatively independent of the fit value

(green band does not collapse to a point at a signal rate of 0)
A consequence of low s/b in much of the range contributing to the cross section fit.
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Train a Discriminant Treating Each Background as the Signal

CDF,
3,2 fb?

Candidate Events

Candidate Events

W + 2 Jets, =1 b Tag
10°

10*
10°
10?

10

- CDF Data
[]W+bottom
[FlW+charm
B W+LE

B single Top
Ott
[l Other

0O 02 04 06 08 1

L

W+bottom
(c)
W + 2 Jets, =1 b Tag
- CDF Data
6
10 [ W+charm
10° [ ]W+bottom
B W+LF
4
10 M single Top
3 Lt
10 [l Other
10° '
10
1

0O 02 04 06 08 1

LW+charm

Normalized to Prediction

Normalized to Prediction

Candidate Events

Candidate Events

W + 2 Jets, =1 b Tag

- CDF Data
[t

[ single Top
[[]W+bottom
[[JW+charm
B W+LF

1 02 [l Other
10
1
0 02 04 06 038 1
L.
tt
(d)
W + 2 Jets, =1 b Tag
- CDF Data
1 04 B W+LF
[JW+bottom
3 [JW+charm
10 M single Top
0 [t
10 [l Other
10
1
0 02 04 06 038 1
LW-I-LF
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Measuring s-channel vs. t-channel Single top Cross Sections

) 1
2 DJ 5.4 fb
Rl
c 68% C.L.
2 N 90% C.L.
8 4 BN 95% C.L.
(7))
(/)]
N
(@]
| -
(&)
=
c 2
8 ® Measurement
Q H sm™
- [1] PRD 74: 114012, 2006 s

- [2] EPJ C49: 791, 2007 ¢ Four genelg]tlons

[3] PRD 63: 014018, 2001
| [4] PRL 99: 191802, 2007 O Top-fla{14\]ror
| L] FCNC|
0 1 L L L L L
0 2 4

s-channel cross section [pb]

DO Collab, arXiv:1105.2788v1 [hep-ex]

t-Channel Cross Section c, [pb]

CDF Run Il Preliminary, L=3.2 b
i i e indte sk et St
® Best Fit

45 B 68.3%CL _
al ] 95.5% CL E
a5 | 99.7% CL
al: B SM(NLO) :
3L B SM(NNNLO) -
25 | .
2| .
15[ .
1} ]
05 | i
0:|.|‘\||.|Jw|| ||‘VI||||||||\|]||1|“;||\“||‘IA||:
0 05 1 15 2 25 3 35 4 45 5

s-Channel Cross Section c_ [pb]

CDF Collab., PRD 82, 112005 (2010)

Lots of good work by R. Frederix (And Campbell, Maltoni, and Tramontano) to get us a

fully NLO t-channel prediction in MCFM
JHEP 0910 (2009) 042
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Top-Quark Pair Production Charge A,

top quark pair production

hard scatter cm-frame cross-section

do
dcosH

the final state is specified by - / L =m -
Pr> 87

2 * 00
a, g, 0,5

w O [+cos 0" +(1-p*)sin* 0" | 75)

o, g well measured in total o and M spectrum. SM like.

here: production angle
) *
— dependenceon ¢, O
— asymmetry in production angle with respect to beamline

D. Amidei
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Possible New Physics interactions affecting
the ttbar Forward-Backward Asymmetry

exotic gluons
— massive chiral color
— RS gluon
— color sextets, anti-triplets

VB’

- 7

- FVW'Z t-channel
FV scalars

effective Lagrangians

nice theoretical review by Cao et al. PRD 81,014016, arXiv:1003.3461

model building must contend with

— total o in good agreement with SM
— do/dM;, in good agreement with SM D. Amidei
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top reconstruction
I"+E, +4j +=1btag — (I'vb)(qgb) — (W 'b)W b) — 1t

 Jet-parton assignment, p,(v) via minimum of simple ?

— Constraints:

M,, = 80.4 GeV/c2, Mt = 175 GeV/c?, btag = b

— Float jet p, within errors

x:= Z (p:.wu\_p:.ﬁl)Z N Z (p;_-E_mm\_p;,'E.ﬁt )'.' . (M”—MW )- +(M”_Mw)- +(Mh”_M'"P)- N ( MM‘,_M'“'.’.
lep, jets O'f j=x.¥ 0’21. ri, ri, r,: I"f
X
‘ M,
§o00- 3 - —— data
* 800 3 n2 W + bkg
tt B background

g §888

g

D. Amidei

% 10 20 30 40 50 60 70 80 90 100

el

0
S
-
Event &y’ GeVlic?)

10

standard bckgrd

1

I lllllll

400 500 600 700

s 800 900
X M, (GeVic)

No resonances found in the ttbar spectrum
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tt charge asymmetry in QCD D. Amidei

« Halzen, Hoyer, Kim; Brown, Sadhev, Mikaelian; Kuhn, Rodrigo; Ellis, Dawson, Nason;
Almeida, Sterman, Vogelsang; Bowen, Ellis, Rainwater

7 6000001
tt frame asymmetries
60000601
1000000 ~ +10-12 % NLO

C=-1 _

000>
-, Qa7 cmm
1y < > Acs~ -7 % NLO

C=+1 C=-1 Arg~ 6+ 1.0 % net

Idea after listening to Davide Pagani’s talk: AFB in ttbar+1jet events

T. Junk: Tevatron Results, LHC PhenoNet Winter School 2012

45



Events

Rapidity and Ay Distributions — CDF 5.4 fb!

L T IA=004820039 | £ [ S T AL, = 0.067 £ 0.040
—— data (negative) Ay =000820004| S [ ;d.a'a (positve) Ay = 0015 2 0.004
| s a w | it + bk
250f =:kg°“9 A; = 0.011+ 0.003 2501 — 1 A;=-0.015+0.003
- Ay =-0.004 + 0.012 - Auyy =-0.01420.012
2001~ 1 200t Positive ] lepton+jets
- Negativ 1 . Leptons ttbar selection
- Leptons i
100} 100
50[ 1 sof
3

y,: leptonic top

ek 1 rapidit

1 ala(;@gawé)ll A, =0.076 = 0.039 % "'Idata(lposmvle)ll Ay, =-0.070 = 0.040 p y
250 | ti+bkg Ay = ~0.024 = 0.004 & 250( i+ bkg A g = 0.013 = 0.004

[ libkg A;=-0.011=0.003 [ Wi bkg A;=0.006 = 0.003 )

- Ay, =-0.07320.012 [ Ay = 0.035 = 0.012 Yh: hadronic top
200( - 200[- T .

- Negative | : - Positive | rapidity
10 Leptons 1 s} Leptons R
100} 4 100f .
s0f 4 o -

-2.5 2 -15 -1 05 0 05 1 15 2

-2.5 -2 -15 -1 05 0 05 1 5 2 25

CDF Collab., Phys. Rev. D 83 112003 (2011)
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Mass Dependence of Observed Asymmetry

— data
o A= -0.016+-0.034
S 500 tf + bkg
£ b;k\g= -0.0087+/-0.034 m tt<450 GeV
>
u 400 A= 0.00073+/-0.069
300 —=
200
- —— ——
100
0: R ——y |
23 2 - 0 1 2 3
AY=Y,-Y,
Asymmetry vs. m,all events
I§0'6 —+data _
< NLO tt+ bkg
05—
04—
03[
02
01
OEH ..... f ...... } ...........................................................
_0'1__ I|IJ\I|IIII|\II|\II
350 400 450 500 550 600 650 700 750 800

Mtt (GeV/c )

Phys.Rev.D83:112003,2011

— data
& 160 A =0.21+/-0.049
> tt + bk
g 140 A= .(9)].017+/.0.05 mtt>450 GeV
bk .
120 Ag= -0.024+1-0.11 lepton+jets

100 ttbar selection

+
+

[~
=

(=2
o
—

1

T
+
+

[
o

Lo
o
ullllllllll]llll[]lllll

1

—

.'Jr

o
~
-
o
-

2 3
AY=Y,-Y,

Separated out by lepton charge
Consistent with CP-conservation

S | —+ data(+lepton)

"%.0.6 | —¢— data (- lepton)

0.4_—

0.2j +
0-_-—- —__ ------------------------------------------------------
B R, S

—0.2j

—0.4_—
:Illllll\|l\||1|||\||\||\||||1||||l||||||l|||

350 400 450 500 550 600 650 700 750 800
Mg (GeV/c2)
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Events

CDF’s Dilepton Selection also sees a Large A

60

40

20

CDF Il Preliminary

Nis = M-

Control sample:
dileptons+MET+0;j

Events

N = Ny (Nje‘=°)

CDF II Preliminary

Agp = 0.21 £ 0.07(stat.) £ 0.02(bkg. shape)

j;. dt=51fb" | —Data Ay
=2t 1o ermor Aobs = 0.14 £ 0.05(stat.)
[7] Fake
oY
.......................................... |:|Z—>rt
mwwwzizz
T Afrue = 0.42 £ 0.15(stat.) = 0.05(syst.)
Hinsir S N — 042 :}: 016
..... A‘I]{Z
2 AA™ = 0.14 = 0.05(stat.)
A,

CDF Il Preliminary

dt=51f0"

801

TR

Control
sample:
dileptons+
MET+1]

Events

60
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N = M- (Nm=1)

CDF Il Preliminary

Ldt=51fb"

—

AL = 0.21 £ 0.07(stat.) £ 0.02(bkg. shape)
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Events

DO Sees A Similar Asymmetry

250 - B it D@, 5.4 fb™
- [ W+jets
200— [ Multijet
- e Data Forward-Backward Top Asymmetry, %
150— .
- Reconstruction Level
aad m; < 450 GeV
50— —e—i
- D, 5.4 0™ 7.8+4.8
3 3
Ay
—e—
CDF, 5.3 b -2.2+4.3
DO Collab., Phys. Rev. D 84, 112005 (2011)
m; > 450 GeV
I @ |
D@, 5.4fb™ 11.546.0
But no significant mass dependence
: @
IS Seen. CDF, 5.3 fb" 26.616.2
S. Frixione and B.R.Webber,
JHEP 06, 029 (2002)
| | | | | I | 1 | | | | | | | I | | | | | |
-10 0 10 20 30

T. Junk: Tevatron Results, LHC PhenoNet Winter School 2012 49



Tevatron ttbar Forward-Backward Asymmetry Measurement Summary

A, of the Top Quark
[ V. Ahrens et. al., July 2011
arXiv:1106.6051v1 (2011)
(** submitted to a journal)
[ w. Hollik and D. Pagani,
arXiv:1107.2606 (2011) (* preliminary)
)

See D' Paga nr's CDF LJ e (e 0.158 + 0.074 (+0.072+0.017)

531"

talk yesterday — (5917

EW corrections to
. . CDF DIL* ®

top AFB predICtlon 0.420 + 0.158 (+0.150+ 0.050)

. 511"

can be a 25% increase (o1
CDF combined* ~—@— 0.201+ 0.067 (:0.065+0.018)
(= stat =+ syst)

DO LJ** —e—  0.196+0.060 *90°8
(541"
| | | | |
-04 -0.2 -0 0.2 04 0.6 0.8



6.0 fb! of data used

Select: High P isolated e or p (> 20 GeV),
Large Missing Transverse Energy (> 20 GeV)

3 or more jets
H>200 GeV
One or more b-tags

Isolated photon, with E;>10 GeV

Jet-faking-photon background
extrapolated in from the unisolated
sample.

Electron-faking-photon background
extrapolated from the

(+ F,.+b+e+large H + =3 jets
sample, using Z->ee events to measure
the e—>vy fake rate.
Other backgounds estimated with simulation

30 events selected (out of 4429 without the photon requirement)

CDF Run Il Prellmlnary 6.0 fb™

> 20 ' . Data(e+u)
(] l
(5 1 5 +HF
o lfa e b-tag
- W) fakes vy
~~
10 fake I/ ]
2 g Er
c 1 fake ¥
Q 5 e fakey
o
0

100
Photon E; (GeV)

CDF Run Il Preliminary 6.0 fb” 15 CDF Run Il Preliminary 6.0 fb!
% 15: I e Data(e+p) [ * Data(eﬂt)
O | +HF ] [ IW +HF ]
o 10f Sfakebtag | 2 10 wfake b-tag -
N i W) fakes vy ] < i W) fakes vy 1
w fake VE, {1 © |
= I EWK 1 > -
c 5 T fake y ] W 5F
g - e fakey I
L 0 ] i ]
100 150 o+ : s
Lepton E. (GeV) Y 5 10

Measured: O'ﬂ—y =0.18+x0.07 pb Prediction: Gﬂ‘y =0.17+0.03 pb

D. Peng-Fei et al., arXiv:0907.1324



A Bump in the CDF lvjj Spectrum

) +
Seek events in 4.3 fb! of data with v = En ,‘%ﬂﬂ'“
* An Identified Lepton (electron or muon) ¥ T
p:>20 GeV, [n|<1 (electron p measured T
with calorimeter \Detectom
* Reject dileptons, conversions, cosmics ‘ Tracker
* Missing E;>25 GeV o N
* MW>30 GeV to suppress multijets Riagromsn
T PP J Calorimeter
* Select events with exactly two jets with oot "
cC romagnc L
E;>30 GeV and |n|<2.4. P il

* Require p;;>40 GeV

* Require An;<2.5

* Require ADye1,,>0.4

 Jets with a lepton inside a cone of AR<0.52

are removed (but the event is retained if it now has two jets).

CDF Collab., Phys. Rev. Lett 106, 171801 (2011)



Main Standard Model Processes Selected

g L -
v Ry i
MIon
\Detectors
Tracker
X \ Hadronic

Calorimeter

Electromagnetic
Calorimeter

Also multijet production
* Need a fake lepton
* And Fake Missing E;

Sometimes called “instrumental”
background or Non-W background

W+jets simulated with ALPGEN

Diboson processes simulated with PYTHIA
Non-W background rates and shapes
constrained with data. (low MET and

low Acbjet,MET' and AcIDMET,missningPT)



Two Fits to the Data — Assuming Background, and Allowing
for a Gaussian Signal

Phys. Rev. Lett. 106, 171801 (2011)
e

—— CDF data (4.3 fb™)
Bl WW+WZ 4.5%
0 W+Jets 80.2%
[[] Top 6.5%

B Z+jets 2.8%

57 QcD 5.3%

100 gOO
M, [GeV/c?]

[WE ENENE ENENE SNEEE FR RNl FEETE FEE FE

) ~
8 3

Events/(8 GeV/c?

g8 8 3 8

g

Phys. Rev. Lett. 106, 171801 (2011)
e e

—— CDF data (4.3 fb™'
—— Gaussian 2.5%
Bl WW+WZ 4.8%
0 W Jets 78.0%
[ Top 6.3%

B Z+jets 2.8%

£ QCD 5.1%

(c)

00
§]

M, [GeV/c
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—— Bkg Sub Data (4.3 o’}
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|
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— Gaussian
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100
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Also allowing
nuisance parameters
such as background
rate, jet energy
scale, etc.

to float in both

fits.

Excess not seen when
one or more jets
is b-tagged

Excess not consistent
with SM WH cross
section

54



Does DO See the Bump?

* Reproduced the CDF event selection requirements in 4.3 fb! of data

DO Collaboration,

e Careful study of W+jets modeling
Phys. Rev. Lett. 107 (2011) 011804

ALPGEN is not the only model — different MC’s predict different distributions
Plots courtesy of Adam Martin

0.05

0.04

0.03

0.02

0.01

- Alpgen v2.11 = Alpgen v2.11

"l'l"'ll'l'l""ll'l'll'l"

.. = SHERPA

T 1.5 : .
AR(jetl, jet2)

- SHERPA

Discrepancies between Data and ALPGEN are of this type J. Haley, June 10, 2011



Comparing SHERPA to ALPGEN

Plots courtesy of Adam Martin

1.8

Sherpa/Alpgen

16

1.4
12

0.8
0.6

0.4
0.2

S.HERPA v12i3v'Angen v2..1 1

2 3 4
AR(jetl, jet2)

lSHERPA v1l.2.3fl\lpgenl v2.1

1 2

.
g

1

nGjet2)

No bumps, but there
are continuous distortions

Low Py, region is difficult to model.

Corrections applied to MC to improve

SHERPA v1.2.3/Alpgen v2.1 modeling of jet n, AR;, and P
e et e i T
M;;

But tight selection (high P; jets, W) reduces the need for
these corrections. (Corrections are very small)
CDF does not apply corrections

J. Haley’ June 10, 2011 T. Junk: Tevatron Results, LHC PhenoNet Winter School 2012 56



+ With Alpgen modeling corrections applied DO Does Not See a Bump!

e+u combined
‘B aank 4. =1 —— Data "& 43 fb’! —4— Data - Bkgd
3 1200 D@,43 1M B Diboson > 300 D@, 43 b — Bkgd + 1 5.d.
8 —. (a) B W+Jets 6 (b) B Diboson
= L = %;;els S s GGaussian (4 pb)
- - - _ - 2
.;_‘. 800 — ] Mullijcts 2 Mii = 145 GeV/c
- N — Gaussian (4 pb) -
5 600 M, = 145 GeV/c* Z
P(x?) = 0.741
400
200
#

P AT S WO W ST L
0 50 100 150 200 250 300 200 250 300
Dijet Mass [GeV/c’| Dijet Mass [GeV/c’|

+ Without Alpgen modeling corrections applied

e+u combined
NQ By ‘; R 4. -1 + Data ('Q E D 4.3 fb-l + Data - Bkgd
% 1_00r D@,4.3 fb I Diboson > 300 b@, — Bkgd £ 1sd.
© 1gmF (a) B WJets G enf (b) B Diboson
= [ T Z+Jets o "50_ G ian (4 pb
< [ B Top = 0of L aagRan ey ) :
; 8005 |:]Mullijcts Z - E Mji = 145 GeV/c
- L — Gaussian (4 pb) = 150
5 600 M, = 145 GeV/c? Z
. 100 P(x*) =0.526
400 — E
C 50
200 :
£ E +
0 . PR AP 505 N I NP PR IR B
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Dijet Mass [GeV/c’) Dijet Mass [GeV/c’]

J. Haley’ June 10, 2011 T Junk: Tevatron Results, LHC PhenoNet Winter School 2012 57



+ Large NLO/LO k-factor

Systematic Uncertainties Needed to Make an Interpretation

+ Uncertainties due to:
» P threshold for Alpgen MLM matching prescription
~ Parton shower model (Pythia vs. Herwig) and underlying event model (tunes)

» Renormalization/Factorization scale choice

MLM Uncertainty

)
(%)
7"]'Y

Fractional Uncertainty
o

—
T™TT ™Y

0.99k

0.98F

-
OIS O NPTV TECT R T N T N TN VO VNN T O T D T T W W

= Plus 1 Sigma
=Minus | Sigma

0

150 200 250 301
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-
o

ULE Uncertainty

—
T T

—_—
T L

=~ Plus 1 Sigma
=Minus | Sigma

1111111111111111111111111

50 100 150 700 250 30
Dijet Mass

J. Haley, June 10, 2011

SCALE Uncertainty, W+lp

21.07¢
= 1.06F
5

5 1.05
[ =]

5 1.04
2 1.03f
S f
51.02
‘CE o
= 1.01P
IF
0.99F

T

S RAR

=~ Plus 1 Sigma
=Minus | Sigma
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Cross Section Upper Limits

+ With Alpgen modeling corrections applied

5 D@, 4.3 b’ [ Expected +1 s.d.
[ ] Expected £2 s.d.

—— Observed

+ For Mjj = 145 GeV

> 95% CL exclusion
for cross sections
greater than 1.5 pb

95% C.L. Upper Limit (pb

|
\
|
J

| S T S S [N T T T TR N S S S S SN SO T S
110 120 130 140 150 160 170

|||||||||

for cross sections
greater than 1.9 pb

Dijet Mass [GeV/c?]

+ Without Alpgen modeling corrections applied

g ° D@, 4.3 fb’! I Expected +1 s.d. |

E [ ] Expected +2 s.d.

5 4 —— Observed
*+ForMjj=145Gev & [ . "7 Expecied

> 95% CL exclusion 3

=

5N

&

|
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e How strongly do the D@ data rule out an excess at 145 GeV?

L
E [T Expected £1 s.d.
z 10" [ ] Expected 12 s.d.
+ For a cross section 2102 b O - Expected
72 =
of 4 pb as reported 2 .F — Observed
by CDF 107F
4 [
~ Exclude at99.999% CL = 107 ¢
S 105 L
~ 4 standard deviations 3 - 3
10° &
2L
1075 D@, 43 b
10-8 = i |

Signal Cross Section [pb]

= The D@ data are not consistent with the excess seen by CDF

DO Collaboration, Phys. Rev. Lett. 107 (2011) 011804
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Search for Dark Matter in the Monojet + MET Signature

CDF Search in 6.7 fb'! of data

q -~ DM
Heavy
Mediator .
.. DM
q
q v
Z°
_ Y
q

The signal -

* One high E; jet, and possibly a lower E; jet
* Missing E;

The Backgrounds

* Z+jets

* W+jets (with an unreconstructed lepton)
* Multijets

Discrimination:

* Multijets are balanced — MET is fake

* Jet E; is higher on average for signal
due to heavy mediator mass scale

T. Junk: Tevatron Results, LHC PhenoNet Winter School 2012 61



Search for Dark Matter in the Monojet + MET Signature

Events/Bin

Data/Background

w
o
o
o

2000

1000 |

CDF RUN I Prellmlnary 6. 7/fb

- CDFllData  Multijet
=z I Other Backgrounds
W Background = 1o

— 1 GeV y, A-V Eff. Theory. @ 50pb
[Signal Region] ]
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__ % o e, o ot s L o “¢¢+’+ ++ $|+ l +_
. . ¢ . | l . ]

100 150 200 550

Lead Jet E; (GeV)
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Search for Dark Matter in the Monojet + MET Signature

CDF Run Il Preliminary 6.7/fb [100 GeV A-V Mediator]

CDF Run Il Preliminary 6.7/fb [A-V Mediator, Eff. Theory]
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