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DEJ Tevatron — Infroduction @

Vs=1.96 TeV

» Peak luminosities: 3 -4 x 10% cm™s’!
» ~10 fbo'! /experiment recorded

Run Il Integrated Luminosity

19 April 2002 -18 September 2011
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Big thanks to the Accelerator Division!
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DI Tevatron — Strengths

» Worlds largest pp data set for a long time
» Well understood detectors
» |Initial state allows for unigue measurements

* Less pile-up effects

imin:
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DEY CP Asymmetries (DO)

» Tevatron: Initial state is CP symmmetric
» DO observes large asymmetry in like-sign dimuons: 3.9 s.d.

» Semileptonic mixing asymmetry:

» Measure a‘®in B’- D pX
s/ S

a-S'[ — N(pu+D

N(utD —N(pr;;))

+N (™ D(j;))

q (s))

())

* Ability to reverse polarity of magnets in DO

x10°
o o ]
al DO Run II, 10.4 b B (Ba) = s v (weighted)
= | > N(D’) = 203513 + 1337
.fol?n I N(D*) = 47965 + 1173
2% 20— — Signal Fit

O
“ay
~a
“u
-
“u
"y
......
"ay
-
--------
LR

10

500— |

)/12 MeV/c?

+
S

-------- Background Fit

“D)-N(D

= -500

N

N R S
M (o) [GeV/c?]

a; =(-1.12+0.74 (stat) + 0.17(syst))%

Phys. Rev. Lett. 110, 011801 (2013)

| DO Run II, 10.4 fb™

— Signal Fit

1.8 2 — 22
M (o) [GeV/c?]

(also measured by LHCb,
compatible with SM and DO)
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http://arxiv.org/abs/1207.1769

DEY CP Asymmetries (DO)

» Tevatron: Initial state is CP symmmetric
» DO observes large asymmetry in like-sign dimuons: 3.9 s.d.

. . d
s Measure a *in B%- DuXand a 9in B Odecoys D@ ag
S/ S Sl q, w 0 02 I I I I I I I I
m =
g ¥
< DO Run II, 10.4 fb”
T
F T = — 0
2 T DO ag
< "
D_
B -0.02
-
B ] A IP 1n0) 68% C.L. i
-2 b
FL | IslIIII _0.O4|:|AIP ) 68%C.L. \
01 0 01 02 03 04 05 06 B Combination |
VPDL(B") (cm) . swamamoie | | N,
-0.04 -0.02 0 0.02

Phys. Rev. D 86, 072009 (2012)

a_”=(0.68 £ 0.45 (stat) + 0.14(syst))%

a§
- g__both compatible with SM
and Dimuon result
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http://arxiv.org/abs/1208.5813

DEY CP Asymmetries (DO)

» Measure direct CP-violating charge asymmeftry in decays of;
B* - J/yK* and B* = J/yrr (expect very small CP violation)
» Special ability to reverse polarity of magnets in DO

> Most precise measurement of B* = J/¢YK* DO [arxiv:1304.1655]
200— . . y o . ]
Difference | - %c:t ;Io.4 fb % ok Sum - o
100 | [ 1B* - JyK* £ — i
. 1 BB - Jyn ; 1111l Combinatorial
1] [ ]

M Y O L e e e H

o

10° |1

R

& By = Jy X
111l combinatorial

N(J/w h) - N(J/y h*)/12 MeV/c?

-200

=h
(=]
(=]

UI—I- T T 1 [
—
|
. S =
————

. g/
S

52 B4 56
M (J/yp hi) [GeV/CZ]

i -

N(JAy h) - Fit/12 MeV/c?
_f»—_-—

A= (059 £ 0.37)% AW'= (42 = 45%| 3=
Result is consistent with O ’ M (Jhy h) [GeV/cd]
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http://arxiv.org/abs/1304.1655

DD DD mixing (CDF) =

° STudy DD sysTem by mecsurlng > CDF Run Il preliminary L=9.6fb

§ 25001~ e Data
_ > — Fit total
Do D LG B ohtelon = o S
(K*m)ri®  Wrong-sign H
= B0OF Right-sign
» Explicitly reconstruct D* and 1000
subsequent D’ meson decay 500
, o . , 00: 0.005 0.01 0015 002 0025 0.03
* Reject misidentified D* by employing RightSign aM [GeV/c’
pGFHCle |D for kcon & pion CUT CDF Run Il preliminary L=9.6 fb"
%35000; . * Data
' C W - — Fit total
* Use impact parameter of D o a9
estimafe contribution from B decays — &»wo-
20000 (% L eesees®eee®
15000} et
10000}
5000F //L
05— L4 e b e b by

0 0.005 0.01 0.015 0.02 0.025 0.03
Wrong-Sign AM [GeV/c?]
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http://www-cdf.fnal.gov/physics/new/bottom/130408.blessed-DMix_9.6fb/

DE DD mixing (CDF) <~

%«10° CDF Run Il preliminary L=9.6fb"

oC - < . . — BaBar

B ® Data ® (@) :

L ~— 1 5 B — Belle

N
8 T Mixing fit -
_ > LHCb
F e No-mixing fit — CDF (9.6 fb”)
Prompt fit projection

10
t/t

t/t — normalized proper decay time
R _ —ratio of WS/RS D* decays

Observe D° - D° mixing at 6.1 s.d.
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http://www-cdf.fnal.gov/physics/new/bottom/130408.blessed-DMix_9.6fb/

QCD

E A. Jung
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DI Underlying Event (CDF)

* Make use of tThe Tevatron energy scan just before shutdown |
» Underlying event structure in vs=0.3, 0.6 and 1.96 TeV  PTmax Dircction

* Leading charged particle defines three regions:

"Transverse" Charged Density

S
©

e
[}

e
w

o
o

"Transverse" Charged Particle Density: dN/dnd¢

CDF Preliminary

Corrected Data
Tune Z1 Generator Level

1.96 TeV

T 900 GeV

PYTHIA Tune Z1

Charged Particles ([n|<1.0, PT>0.5 GeV/c)
| | |

15 20 25 30

PTmax (GeVic)

10

35

"Transverse" Charged Density

CDF webpage

o
©0

=
[}

e
w
|

=
o

“Trans 1”

o “Trans2”

"Transverse" Charged Particle Density: dN/dnd¢

CDF Preliminary *

Corrected Data 1.96 TeV
Tune DW Generator Level E

900 GeV

PYTHIA Tune DW

Charged Particles (|n|<1.0, PT>0.5 GeVic)

5 10 15 20 25 30

0 35
' . . PTmax (GeVic)
Extensive studies of underlying event structures &
comparisons to various MC funes
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http://www-cdf.fnal.gov/physics/new/qcd/ue_escan/index.html

DSy W, Z+ HF (CDF, DO)

» Extensive studies of y, W, Z + HF production used for validation of

background models used in searches or measurements ™ )
» y + HF production: sensifive to ¢, b and g content g q
» Compton scaftering af low E_, gluon splitfing at high E. IR

Y
1 9
q

CDFnote . cou Preliminary Phys. Lett. B 719, 354 (2013) L_gmg<a
% - CDFI (I:I:IIIFI'}'-II-iE;tsI dlalla,lLl=9I.1IﬂI:‘1 IIIIII -'E'_ 8 5 bp,L=grn s ?ﬂell_t(% (Stavreva, Owens)
19 —— o Fob O\ DO igegieme
e} Systematic uncertainty -~ [ PYTHIA, v6.420
a2 1 [ NLO (Stavreva, Owens) ?I-_ 7:_ e g:llglf‘évs‘tilo (Annifoet-r)
?I-.I.II- IIIIIIIIIIIIIIIII k; fact. (Lipatov et.al.) B f Soa-like IC model
E i L mm SHERPA 1.4.1 6 :_
_31 o'k e o PYTHIA 6.216 i

: = S

102} —t b ]
S R T 3 ]
10°} I 2k <10 M
[ . . , , E 1y[<1.5, ' >15 GeV
50 100 150 200 250 300 [y~ o e~ R v i
E; (GeV) pl (GeV)

» Compared to data NLO prediction is lower af higher E_(effectively LO g - qq)
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http://arxiv.org/abs/1210.5033
http://www-cdf.fnal.gov/physics/new/qcd/photon_HF/index.html

DSy W, Z+ HF (CDF, DO)

» Extensive studies of y, W, Z + HF production used for validation of
background models used in searches or measurements ™ )
* y + HF production: sensitive to ¢, b and g content

» Compton scaftering af low E_, gluon splitfing at high E.

CDF note CDF Run Il Preliminary
> b CDF coFysetsdata =01 m
Q__ 10 —— T*G*X
0 i Systematic uncertainty
o [ NLO (Stavreva, Owens)
?I-.I.II- T ks k, fact. (Lipatov et.al.)
E -------- SHERPA 1.4.1
_81 o' ------------------------- PYTHIA 6.216

§ .'.',? il

107} ~—t
50 100 150 200 250 300
ET (GeV)

a{y+c) / o{y+b)

q

Phys. Lett. B 719, 354 (2013)

-y <1.0

L jot
- |y 1<1.5,p; >15|GeV | | l

— D@, L =8.7fb

\ DO

* daia

——— NLO (Stavreva, Owens)

--- kg fact. (Lipatov, Zotov)
SHERPA, v1.31
PYTHIA, v6.420

=i - PYTHIA, v6.420 (Annih. x1.7)

BHFS IC model
Sea-like IC model

150

200 250

p; (GeV)

g q

q ’ \YAVAVAVS

DO: PLB 718, 1314 (2013)

Moot D@, 6.1 fo" + Data, W—uv a)
EO00E oy L W-tlight flavor
Wi 800E- e W+b

700E- W+c

%+_

600" =S

500=  o(W +b+X)=1.05+0.03+0.12pb

400F o]

01 02 03 04 05 06 07 038 0.9D 1
MJL

Phys. Lett. B 718, 1314 (2013)

» Compared to data NLO prediction is lower af higher E_(effectively LO g - qq)
» W+ b + X: Cross section agrees with NLO QCD (MCFM)

E A. Jung
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http://arxiv.org/abs/1210.0627
http://arxiv.org/abs/1210.5033
http://www-cdf.fnal.gov/physics/new/qcd/photon_HF/index.html

D& 3 jet / 2 jet ratios (DO)

s Sensitive to a, fest PQCD, advantage: systematic uncertainties cancel
° RS/ ) inclusive 3/2 jet ratios DO [arxiv:1209.1140]

o« R 1 # Of neighboring jets / # inclusive jets Phys. Lett. B 718, 56 (2012)
» First measurement of jet azimuthal decorrelations RA p VS Lett B 721,212 (2013

I ogies (Adae <A Pmas)
dHr dy*
dQO'dijet (inclusive)
dHr dy*

RACb(HTa ?J*a A¢ma><) —

* Test perturbative QCD in a large phase space

E A. Jung Recent results from the Tevatron 14


http://dx.doi.org/10.1016/j.physletb.2013.03.029
http://dx.doi.org/10.1016/j.physletb.2012.10.003
http://arxiv.org/abs/1209.1140
http://arxiv.org/abs/1209.1140

DES 3 jet / 2 jet ratios (DO)

s Sensifive 1o a o Test PQCD, advantage: systematic uncertainties cancel
s First meqsurement of jet azimuthal decorrelations R

Increasing A¢

Increasing y* >

Phys. Lett. B 721, 212 (2013)

_ 5 0.0<y*<05 0.5<y"<1.0 1.0<y" <20
decorrelation = - DO L-o7f' |f MSTW2008NLO PDFs |F Theory uncert. | &
Y £ 15F | =~ o (M) =0.118 " EE PDF uncert. 3
@] - ~ B ~
O [ B Il
o 1 :—o--o-.-o-ﬁ-o#l_-;-_}-- n E‘tl
a 2 - | | | | || - e
C B >
= 15 F Vs =1.96 TeV C 57
+ N - X
Q1 | eesenteagiyt || g
* pQCD describes & , I : |-
data, except: o } 3 >
% = 15 — - 5
—large y® (large < E-":.:.ﬁf ety yt? cos® ”
logarithms ?) & 1 [ —— i+« - — 7 | E—— L‘% """""""" L
) i SIS | e L T S LT
~ large R, (large 02 04 08 02 04 08 02 04 08
4 jet contributions) H, (TeV)
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http://dx.doi.org/10.1016/j.physletb.2013.03.029

DI Strong coupling (DO)

» R, allows probing a up fo high scales of 400 GeV !

o0 (M) = 0.1191 £3508

X from DO jet data
02 o (Hg) J D@

preliminary

R
O
—
(@)
[ T T T T [ T T T 1]

2% ® incl. jets
O Ry
0.1 = R,
| . Rg_q}

10 20 50 100 20 500

0.22

0.2 B

0.18
— 0.16
e
3" 0.14
0.12
0.1
0.08

Phys. Lett. B 721, 212 (2013)

a,(Q) from jet and event shape data

® DO R,
D@ incl. jets

4 rp 97 < 1

H1 incl. jets

= RGE for
(M) = 0.1184 + 0.0007

ALEPH evt. shapes
JADE evt. shapes
ZEUS incl. jets

~

10 20 50 100 200 500
Py (oeY) Q (GeV)
Data follows predicted decreasing slope by RGE
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Elecfroweak

E A. Jung
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D /7 production (CDF)

° 77 — 00’ SM cross section 0= 143 £ 0.10pb s CDF LU — LR
» Measurement with very small SM background ésf + Data
°Ratioto SM: 5 | Jsmzz
o 77 .\ .\ w4 B Fakes
PP ) =0.73 003214(5tat ) 000(?5(53/5'[ ) Jf i E
gsm E
sCombineZZ — '+ 27 — lvv: 0=1.38%2pb | |  — ]
CDF note (Z2) 1 —Lh -
0"—o0 200 300 400 ;i(:?[le;a.\;vfz?o
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http://www-cdf.fnal.gov/physics/ewk/2013/ZZ_97fb/cdf10957_ZZ97_public.pdf

DEY ZZ production (CDF DO) Q

o 77 — el SM cross section o= 1.43 = 0.10 pb
» Measurement with very small SM background

» Ratio to SM: o (0B — Z2)

Osm

s Combine ZZ — '+ Z7Z — Uvv: 0=1.3817%%

CDF note (Z2)

=0.73~

%o oa(stat.)

0

*.05(Syst.)

pb

» Same approach as in CDF, combined DO

measurement:
o= 1.32 5 (stat) = 0.12 (sysh)
+ 0.04 (lumi) pb
DO [arxiv:1304.5422]
Very good agreement
between experiments
and with SM

Events per 10 GeV
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7'_
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o B Fakes
3f | N
2_— —e— —e— —
1 .
0:| e |—||ﬁﬁ A T
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- DO

Il

1 .
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11

Li ki :i.. ﬁﬁ-l_'-:h—:—;ﬂﬁ—;

—=— Data (a)
[]zz

" ]Instrumental
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http://www-cdf.fnal.gov/physics/ewk/2013/ZZ_97fb/cdf10957_ZZ97_public.pdf
http://arxiv.org/abs/1304.5422

D AQGC (DO)

0.015]

» Search for Anomalous Quartfic Gauge Couplings

- sensitivity to beyond SM confributions ] ooil
» Very small SM cross section o =3 fb <
PP = WWWyy °0.005
» Unitarity would be violated if AQGC exist
° Infroduce a form factor A (scale of new physics) 0
* Final discriminant does not show excess of data 005

— First limits from Tevairon on AQGC

. 0.01
DO [arxiv:1305.1258]
<t L B N EELL LR
o 104L— -1 <+ Data 4
o = DG, 9.71b —Signal 3 -~ 0.03
& - ee + E; OZ+jets 5
T 10°: CODiboson { o
Q E .W+ ets 3 g 002
> - U
C DMu tijet o~
" ek 4 =
DDiff. bkg. 3 % 0
C *-  NBkg. syst. ] .
1o§ S N g . 3
- 0
1 =
i 0.01
107
-0.02

0.2

04 06 0.8 1
Final Discriminant

T T l T
Do 97fb1ee+ET :
A Standard Model
e Data

W 68% C.L. Contour
95% C.L. Contour:

E Acutoff =1 TeV

1 1 1 I |
-0.002 0 0.002
al'/A? [GeV]

Do 97fb1ee+ET ]
A Standard Model -
e Data

M 68% C.L. Contour
95% C.L. Contour:

E Acutoff = 0 5 TeV

0 0005
all/A? [GeV?

-0. 005
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Top

E A. Jung
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DEY Top introduction

» Top Is the heaviest fundamental
parficle discovered so far:

~»m =173.2£0.9 GeV

» Top plays special role in EWSB 7?

-\, = 0.995 + 0,005
s Lifetime: 1 = 5x10%°s << [ o

— Observe bare quark
» Different decay channels:

Top Pair Branching Fractions

46%

ttHets 15%

1%
Cor 2
e 208
Y VR 15%
v %

"dileptons™

E A. Jung Recent results from the Tevatron
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DEJ Top production (CDF, DO)

» Top is the heaviest fundamental|Production cross section:
particle discovered so far: » CDF inputs: 4 measurements, < 8.8 fo'
> m=1732+0.9 GeV » DO inputs: 2 measurements, < 5.4 fo'!
' » Correlations taken into account

» Top plays special role in EWSB 7? Tevatron note
N A — 0_995 - 0_005 Tevatron Run Il
| | t CDF dilepton i 7.09+0.49+0.67pb 8.8 b’
s Lifetime; 1 = 5x10%°s << T - cormmponon M 75250385041 pb 461"

CDF SVX lepton+jets =f=@==j=i 7.32+0.36+ 0.61 pb 4.6 fb™

— Observe bare quark
» Different decay channels:

CDF all-jets ——f—@efe——]  7.21+0.50+1.18 pb 2.9fb™

CDF combined [ S B 7.63+0.31+£0.39pb <88fb"
Top Pair Branchina Fractions DO dilepton e @] 7.36 £ 0.85 pb 5.4 fb™
Y g
DO lepton+jets ——e— 7.90+0.74 pb 5.3 fb
46%
D@ combined —e — 7.56 +0.20+ 0.56 pb 5.4 b’
T+jets 15% Tevatron combined o= 7.60+0.20+0.36 pb <8.8fb"’
m, = 172.5 GeV
| IR B PR |
6 7 8 9 Il
1 10/3/ pp — tt cross section (pb) at\'s=1.96 TeV
2%0
T:‘,—\L'E 2(,’\/(‘;/0 o o ] '
e Pl 15% 0.4% experimental precision !
ew
15% . .
"dileptons” (Best Theory has precision of 4%)
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http://tevewwg.fnal.gov/top/tev_ttbarxsec_summary.pdf

DEY Asymmetry — Recab

» Interference appears at NLO QCD:
Tevatrond top

T anti-top
+ 1 ¥ +
h

Positive asymmetry Negative asymmetry

» This is a forward-backward asymmetry at Tevatron

- initial state: qgvs.gg  (fwd-bwd symmetric)
» SM prediction at NLO (QCD+EWK):

A _=1(6.6+2.0)%

* Large positive or negative asymmetry
would indicate physics beyond SM:
- Axi-gluons (s-channel), Z' (t-channel)

» Current CDF & DO measurements show ~2 s.d. deviation
— Goadl: Be less inclusive, more differentially !

E A. Jung Recent results from the Tevatron 24



DEY [op asymmefry (CDF)

* Analyze the shape of the differential = e e e
CDF note 10974 ——
cross section: cos(6) 200 .
f _+_+_+_ —+— —+-
> Make an expansion in Legendre ~ ol -+
polynomials: 5
—dCOSGt — ZE QEPE(COSQt) 7 200
. . ' NLO SM tt (Powheg)
* New physics contrioutes differently gl
_ + Data
0.30l CDF Run Il Preliminary [£=9.4/fb tt—»fu+jets_ _.31 0 : 0.0 05 1.0
. —— NLO SM (PRD 86 034026 (2012)) | cos,
| ---- LO SM (Pythia) 1
i} 0.20 l ----- LO s-channel (Octet A) ] CDF Run Il Preliminary [£=9.4/fb ti—¢v+ jets
< oas| A5 O LO t-channel (2 200 Gev/c*) || 0.20] —— NLO SM (PRD 86 034026 (2012)) _
g }, Bets | 4+ Legendre series integral (Data) +
% = 0.15
O ” _ I ....... I ....... §
-0.05 l FE:F
, S 0.10} ‘_)N_f % -
= : : Leégendri degrze ° ’ ° :",',E '__|___|
0.05} o
Coefficient a, of linear ferm
(a,cos6) 2.1 s.d. from NLO 0.00) 5 5 55 0’5 Lo

C0osH,
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http://www-cdf.fnal.gov/physics/new/top/2013/TopAngularXS/cdf10974_PubTopCosTheta.pdf

DI Lepton asymmetry (DO)

» Leptonic asymmetries are not facing Phys. Rev. D 87, 011103(R) (2013)

additional difficulties of reconstructing 200
tfop quark object:

AL Ne(Q -1 > 0) — Ne(Q - <0) £
TEBTNG(Q - > 0) + Ne(Q -1y < 0) 3

TheOry: Afbl = (4. 7 + O. -l )% MC@NLO + higher order

QCD+EW corrections
(Nucl.Phys. B837, 90 (2010)

» Correct data by efficiency &
acceptance: A '=(5.8 £5.3)%

» Measurement in |+jefs: £ 140
AﬂoI = (15.2 £ 4.0)% 2

Dilepton decay channel:

- DO L=5.4fb" —— Data =
E (¢) M 3
[ I Background

Qxn
|+jets decay channel:
- W
[ W+jets
B Multijet

e Data

II|III|III|III|III|1II|1

» Combination: i
A, '=(11.8 +3.2)% - 2.2 5.d. s
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DI Lepton asymmetry (DO)

» L eptonic asymmetries are not facing

additional difficulfies of reconstructing [ _1 ANARERE
. 200~ DO L=5.4fb —— Data
tfop quark object: : W
_ L (©)
AL Ne(Q -1 >0)— Ng(Q-n <0) 0 150E  Background

BN(Q > 0)+ Ne(Q-n<0) € 100f
L N
Theory: A '= (4.7 £ 0.1)% Lo inaerocer 50
(Nucl.Phys. B837, 90 (2010) E

Phys. Rev. D 87, 011103(R) (2013)

Dilepton decay channel:

» Combination:

A'=(11.8+3.2)% - 2.2s.d.

Orthogonal information by looking at the
polarization: Described by SM

Qxn
B d : J | 1 ! ! ! | ! ! J , | x ! ! '
200 D@ L=5.4fb' —— Data -
B g
150} zeeery 7' M=900GeV
* I Background 3
100F 0, I 2
o P

-1 -0.5

0.5 1
CcoSs 6
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DI Lepton asymmetry (CDF) Q

» More information by measuring A '*p differentially as a function of | QY
» New physics contributions with dn‘feren’r slope ©PF note 10975

0.5
—— ALPGEN Octet A —— QOctet R

oal— POWHEG —— OctetlL === |qy,|=1.25

Generator-Level

—0.670 0.5 1.0 15 2.0 2.5 3.0
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DI Lepton asymmetry (CDF)Q

» More information by measuring A '*p differentially as a function of | QY
» New physics contributions with dn‘feren’r slopg__ CPF note 10975

» Correct data by efficiency & acceptance: |Z parton = (94 + jﬁ)%

0.5
— ALPGEN Octet A —— OctetR 05| —— POWHEG + /+jetsData — Fit Ay,
04| POWHEG —— OctetL  =as |gy,|=1.25 | Uncertainties: | *+1o(stat. +sys.) B +1o(stat.)
Generator-Level CDF Run I Preliminary J£ =9.4/fb
0.3}
0.2}
%E a
< <
0.1}
0.0fE=
-0.1}
—04% 05 10 15 2.0 35 30 %60 0.2 0.4 0.6 0.8 1.0 1.2
lay,| 1ay,|

* Puzzling situation...
» STAY TUNED ! More updates to come very soon |
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I Mass (CDF, DO)

» Tevatron combination of 12 top

Mass of the Top Quark in Different Decay Channels

quark mass measurements March 2013 ¢ prefiminary)
» Worlds most precise top mass
measurement: Lepton+jets 173.18£0.92 054+ 0.75)
m_=173.20 + 0.87 GeVIc? .
- - Dilepton 171.0242.06 (+1.72+1.14
(Precision of 0.5% !) P et
? FurTher improvemenTS & reSUHS USing AIIjets ’ 172.70%£1.94 (+1.46+1.28)
full data set to come in near future |
180g St T ="1° 16" MET+Jets * ’ 173.76 £1.79  (+1.30+ 1.23)
> [ Instability .-~ e / e M‘é_tg-.stabﬂitg‘ o
-LED 175 :.,;:_;;:;:"f"f? T , : _ ‘ Tevatron ’ 173.204£0.87 (x0.51+0.71)
= T (630 combination * (& stat + sys)
2 § i \"_\1-_'/7’
8 o
15 170 ¢
O Stability N N I N I N Y A
- [hep-ph/1205.6497] | 168 169 170 171 172 173 174 175 176 177 178 179
s 120 125 130 135 M, (GeV/c’)
Higprmss M m Gal Tevatron [arXiv:1305.3929]
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DI Summary & Conclusion

* Presented recent results from the Tevatron (excluding Higgs):
> Unique data set at vVs=1.96 TeV of pp data
> Tevatron experiments with innovative & unigue results |
» Building up the legacy of the Tevatron:
— High precision m and m measurements

o Still significant results not yet with final data set
DO Physics Results CDF Physics Results

Outlook:

» Concentrate on results which are competitive or
complementary to LHC

» Anomalies in top A, heavy flavor CP violation

E A. Jung Recent results from the Tevatron 31
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DEY Backup
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D3 Search for 7' (CDF) HE

» Top Forward-backward asymmetry can e explained by a /'
° Limit on leptophobic Z'> 9215 GeV CDF note
» Tevatron more sensitive at low masses

= ..
= —e— (Observed limit
f? 0 N 0 e Expected limit
N - Median expected + 16
N I .
Eé = [ Median expected + 20
— [y ..
N —_—— TOPCO]OI' Z’ (F/MZ’=12%) ‘11 IEEEECEEE CDF.eXpected limit
o) - S - Median expected * 16
g 0 I Median expected + 26
1 o § CMS expected limit
= u arXiv:1209.4397
B i ATLAS expected limit
N Eur. Phys.J.C 72,2083,2012 g . e
g e g g
R = e
s F
P—— ©° .- LN e
107 = e 10 3 -
T T A T R BT IR . T | o2l Lo b b b L L L L |
400 500 600 700 800 900 1000 1100 1200

400 500 600 700 800 900 1000 1100 12(2)0 M, [GeVic?]
M,. [GeV/cT]
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DEY Tevatron detectors

General purpose 4rx detectors:

® Tracker: Detection and momentum measurement for charged particles
» Calorimeter: Identification and energy measurement of jets and electrons
@ Muon system: Identification and momentum measurement of muons

in=0 n=1.
Muon Scintillators I ‘
I
Muon Chambers ;
A n=3.
Shieldin — X—::.‘.’.'.‘. -------------------------

» Similar calorimeter and tracker coverages
* Detectors are of comparable strength in Tevatron Run ||
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DEY Additional plots

« E — BaBar

— Belle

LHCb
— CDF (9.6 fb™)
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DES Top — Asymmetries

° Klnemcmc dependencies (double-differential cross sections)

* Slope is 2.5 s.d. away from prediction

(pb)

d&c
d(M )d(ay)

g
L
T

CDF Data, 9.4 fb™, Ay > 0

——— CDF Data, 9.4 fb"', Ay < 0

b
550 600 650 700 750

Parton-Level M, (GeVi/c?)

m
L

<L

- —— CDF Data, 9.4 fb™

ty = (15.2+ 5. 0)x10” (GeV/c?)"

08—t Prediction /
oy = (3.4 + 1.2)x10* (GeV/c?)" 7

04

0.2

| ‘s—l'd-‘iﬁ
ﬁ

| | | | | | |

0
350 400 450 500 550 600

650 700 750

Parton-Level M_ (GeV/c?)

P, (’r’r) dependence of c:symme’rry (first noted in DO analysis)

fe)_

=

Events / (10Ge

1000

800

600

400

200

0

[ - CDF Data, 9.4 fb” < 0.4
[ - Total Prediction 0.3;—
:— ——— [ Background 0.2;—
- 01
o pal S .
X —— % T
- — -0.3F
-, . 0. 42—
0 10 20 30 40 50

— Powheg + Pythia
---Pythia

60 70 80 P Y;] S P PP PN U PO MO I PN O

Top Pair p_(GeV/c)

0 10 20 30 40 50 60 70 80 90 100

* Remains @ puzzllng situation, still lots of work o do...

— Strong dependence
in case of Pythia
— NLO QCD smaller

E A. Jung
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°* Remains A puzzle for now...

A DO 0.9fb™'

DO 43 b

DO 54 b~
DO (m, ;<450 GeV) 5.4 fb™'
DO (m,;>450 GeV) 5.4 fb '
DO (jAyl<1) 5.4 fbo™
DO (jAy[>1) 5.4 fb™' |

A CDF 19 b~

e
CDF5.1fb™" (dilepton)
CDF 5.3 fb”"
CDF (m, <450 GeV) 5.3 fb"

CDF (m,;>450 GeV) 5.3 b~
CDF (lAy|<1) 5.3 fb ™" [
CDF (jayl>1) 5.3 fb~"

Auap CDF 1.9 b~ ]
CDF 3.2fb"
CDF 63 b
CDF (m,;< 450 GeV) 5.3 fb™'

CDF (m,> 450 GeV) 5.3 fb™'

Al CMs 1.09 fb™'
AL CMS 1.09 fb' ]
Az CMS 4.7 fb™" |

i ATLAS 0.7 fb™' : o
=1 i 2 3

Taken from G. Rodrigo (Moriond EW)

[op — Asymmetries

» Complementary information from Tevatron and LHC

0.1

0.05

-0.05

ATL

é..ﬁ.-,aif"
.:"‘:i'f

E A. Jung
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DEY Top mass: template

» Final state categories: 0,1,2 b-tags x i " CDF I Proliminary 8.7 5°)
loose tight jet criteria 150} METsttag jots: 4jots |
* Reconstruct event kinematics by SOl e Data
mMinimizing: 3100/ t
; (F’% fit _ ,EJ; meas)2 “]{;E. fit f};-jﬁ_rraf.-as}g g . Background
X Z 3 E Z 1 3 _.g I
i=4jets : Jj=z.y 4 i
(M5 —qi”n-'}? ::"j S0¢
Iy . .
(My.missing — My®°) | (Myj; — Mi™0)” wrong 4
5 3 i ti )
I I combination 50 100 150

» 3D femplate fit of m ', m/°*°", m e m, (GeV/c?)

s Largest uncertainties: A, —swo-05

ax Alog(L) = 2.0

» Signal modeling: hadronization + T B e o

*
e
b
"
.

UE, color reconnection N Y G NG A
» Detector modeling: JES, b-jet N

energy scale I N R A

— | m, =172.85+ 1.10 (stat+sys) GeV/| o e

Precision of 0,69%! Mo (GeVic)
E A. Jung Recent results from the Tevatron 38




DEY Top mass: ME method

> Maftrix Element method (ME) calculates event probability densities
(PD) from differential cross sections and detector resolutions:

P(x,m) = : /S:da(yamt)dﬁhd% flq1)f(q2) W(y, x, kys)

g (mt ) LO ME PDFs Transferfunction

» The fransferfunction relates the PD of o 1.06
measured set x To the partonic sety X’ 1.05

s K . is a global factor for the Jet Energy Scale 1.04f

» Selection of [+jets events, use b-taggingto T3
increase purity of the sample 102p ° 8
» Measurement is dominated by systematic 1.01¢
uncertainty l:
0.99F
09870 172 174 176 178 180 182
—» Most precise D@ mass measurement (3.6 fo™: m. GeV
m, = 174.9 + 0.8 (stat.) + 1.2 (sys.+JES) GeV ‘
Precision of 0,99 !
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DEY Measurement of R

CDF Run Il Preliminary 8.7 fo™

Lepton+Jets Final State

@ Distribution shows example values of R

2000 . , \ . .
AR S - LwetsData ) @ Simultaneous negative log-likelihood fit
. :CDF Conf. note 10887 ... g ay " to R and o(pp — tt).

19007 E === {f, R=0.5

" tf, R=0.1 ‘ ‘
QCJ 1000 __ E """"""" E R - B(t s Wb) E — H y (M;mp (Ra gpﬁ—)ffa ‘{L‘j‘) |N(?;bS) H G (',L'J |05 ]‘)
Lﬁ B : B(t — Wq) i j
500 - CDF Preliminary 8.7 fb"
i :'"""T"’""'""“ ......................... 1 2 w Lepton ; Jets Data
e, ; __________ ] SM Prediction (arXiv:0906.5273 [2009])
1-Tag 3 jets I 1-Tag 4 jets I1-Tr:lgz SietsI 2-Tag 3 jets I 2-Tag 4 jets ‘2-Tagz 5 jets ::j:: :::::z: :: :::
— 10
0
> Value (stat+syst) e e
O'p}.j_)tf (pb) 7.5+1.0 "F 8 |
R 0.94 +0.09 oy
Vi 0.97 £ 0.05 ©
B (t—>Wb> o 6 ------
s DO: R = Bi=q) = 0.90£0.04 (stat. + syst.) | - |
PRL 107, 121802 (2011) 0.6 0.8 B(t - Wb) 1.4
R= 85> Wa)

o CMS: 0.98 + 0.04 (TOP-11-029)
@ Results agrees with other measurements and SM expectation

E A. Jung

Recent results from the Tevatron

40


http://www-cdf.fnal.gov/physics/new/top/confNotes/cdf10887_BRratio8.7fb.pdf
http://dx.doi.org/10.1103/PhysRevLett.107.121802

DD W helicity

» Direct test of the "V — A" nafure of weak interaction
» Use matrix element approach for W helicity measurement

= b CDF + D@ combination
- L=27-54fb"
0.9 D ® Combined result
- % SM value
- O CDF l+jets
0.8 \ [ CDF dilepton
. A DQ
0.7
0.6 68% and 95%
B C.L. contours
0.5
03 02 01 0 o1 oz o3
—» Result consistent with SM: i
f = 0.726 +0.066 (stat) * 0.067 (syst) f,= 0.683+0.042 (stat) £ 0.040 (syst)
f =-0.045 + 0.043 (stat) + 0.058 (syst) f =-0.025 + 0.024 (stat) + 0.040 (syst)

other fixed to SM
E A. Jung Recent results from the Tevatron 41
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