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Tevairon

Proton-antiproton collider
operating at Vs = 1.96 TeV
from 2/2002 to 10/2011 (Run |l)

+ s = 300, 900 GeV in 9/2011

Currently
400 + 400 members | \ o
from 60 + 70 institutions | ana DO

Collaborations
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Delivered 12 fbo!
Acquired 10 fbo'/experiment

« Delivered
« Acquired
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$- 15B + 9B events total in Run |l !

< Total dataset 10 + 9 PB
(including Monte Carlo)
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Physics potential

Leptons

All about the Standard Model — and beyond:

www-cdf.thal.gov/physics/physics.html
www-d0.fhal.gov/Run2Physics/WWW /results.ntm
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Higgs

Final results from the Tevatron
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Final Higgs combination from Tevairon

Channel

Luminosity mpg range

(1)  (GeV/e?)

Combination:

WH — fubb 2-jet channels 4x(5 b-tag categories)

0.45 90-150

O rXiv . h e = WH — fubb 3-jet channels  3x(2 b-tag categories) 9.45 90-150
. p ZH — vibb (3 b-tag categories) B 9.45 90-150

ZH — €76 bb 2-jet channels 2x(4 b-tag categories) H — bb 9.45 90-150

GX/ ] 303 . 634 ] 6 ZH — £147bb 3-jet channels 2x(4 b-tag categories) 9.45 90-150
. WH + ZH — jjbb (2 b-tag categories) 9.45 100-150
, SU bm|ﬂ'ed ttH — WTbW bbb (4 jets,5 jets,>6 jets)x (5 b-tag categories) 9.45 100-150
H—WTW-  2x(0 jets)+2x (1 jet)+1x (>2 jets)+1 x (low-rmge) 9.7 110-200
1-0 Phys ReV H— WHW~=  (e-Thaa)+(1-Thad) 9.7 130-200
: : WH - WW*TW~ (same-sign leptons)+(tri-leptons) H—W"W- 9.7 110-200
D WH - WWtTW~ (tri-leptons with 1 Thad) 9.7 130-200
ZH — ZW*W~  (tri-leptons with 1 jet,>2 jets) 9.7 110-200
H— 1t~ (1 jet)+(>2 jets) H—71t7" 6.0 100-150
H — vy 1x(0 jet)+1x(>1 jet)+3x (all jets) H — yy 10.0 100-150
A” SM ChO N nels H — ZZ (four leptons) H—-ZZ 9.7 120-200

searched

Channel w Luminosity mpg range

(1) (Gev/c)

WH — fvbb (4 b-tag categories)x (2 jets, 3 jets) 9.7 90-150

ZH — vibb (2 b-tag categories) H — bb 9.5 100-150

ZH — £T¢-bb (2 b-tag categories)x (4 lepton categories) 9.7 90-150

FU ” |U min OSiTy H—WTW~ = FviTv (0 jets,1 jet,>2 jets) 9.7 115-200
H+ X >WtW- — uFori v 7.3 115-200

- H - WTW~ - twjj 2 b-tag categories) x (2 jets, 3 jets _ 9.7 100-200

used In almost VH - e*p* + X 7 (2 brtng categories) x(2jets, 311) -y wew 9.7 100-200
VH - bl + X 9.7 100-200

all channels VH — (7jjjj (>4 jets) 9.7 100-200
VH — ThadThadt + X +_— 8.6 100-150

H+X 0577 H—rir 9.7 105-150

H — ~y 9.6 100-150
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I LLR, +1s.d.
[JLLR, *2s.d.

Log-Likelihood Ratio
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Tevatron Run Il L, <10 fb™ Expected w/o Higgs
Fermiophobic Higgs combination =—— Observed
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< Search for gg—-H—->WW with a 4 fermion generation
exp. exclusion [118,270] GeV/c?% obs. [121,225] GeV/c?

< Search for “fermiophobic” Higgs in H—>yy, HHWW, H—>/ZZ
exp. exclusion [100,116] GeV/c?% olbs. [100,135] GeV/c?
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[ -+ Localmaxima  Tevatron Run II, L, <10 fb™
5 FE eswc.L.
C[Jeswc.L.

I 1
[ Tevatron Run ll,L_<10fb* Local maxima - TevatonRunll, L <10 b
r [ es%c.L. - ¢ Local maxima A SM

[ JeswcL - [ 68% C.L. [ ]95% C.L.
B k; floating

Posterior density
Posterior density

G(H — gg) = Gy, (H — gg)(0.95; +0.05k k) 2 [revavonrunin, L <10m? - Local maxima 0 05 1 15 2 25
GH — W'W )=G,, (H — W' W )k? § ™ =T Kyy
G(H — bb) = Gy, (H — bb YK’ S e
GlH = £°) =Gy (H > £ K] : [ pisimane Lo
G(H — ct) =Gy, (H — ce)k? o -
Q(H — ZZ) =Gy, (H — ZZ)k? 2f

G(H — ) =Gy, (H - g)|ak, + bk [ of

a=1.28, f=—0.21, from Spira et al., arXiv:hep-ph/9504378 o

) Consistent with SM |
S(gg—>H)=5,(gg— H)(0.95k; +0.05« K, ) ST S

s(WH)=s,,(WH)k;  S(ZH)=Sg,(ZH)k,  s(VBF)=s,(VBF)k; | Tk
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BSM

Searches for physics Beyond the Standard Model
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PRD 87, 052011 (2013

Stau Lepton Mass [GeV] Gaugino-Like Chargino Mass [GeV] Higgsino-Like Chargino Mass [GeV]

Searched for events with 1 or 2 py—like particles having both
speed and dE/dx different from p's. Excluded @ 95% C.L. :

> Long-lived gaugino-like charginos with mass < 278 GeV/c?
> Long-lived Higgsino-like charginos with mass < 244 GeV/c?



\ 14/ Search for top-pair resonances
PRL 110, 121802 (2013)
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tt events selected in the [+jets channel (3] & =24] categories)
requiring at least one b-tagged jet

> Topcolor model 7' excluded up to 215 GeV/c?2 @ 95% C.L.

> Best exclusion limit below 700 GeV/c?
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PRD 86, 071701(R) (2012)

e e Lightest neutralino mass, M(x?) [GeV]
—e— eey Data =0 Ry Lata 120 130 140 150 160
2 2 ;
77 Z+jet 7)) Z+jet —— Observed 95% C.L.
Expected 95% C.L.
B ww+wz+zz B wwswz+zz Expected 1 .D.
- = Signal A=85 TeV - = Signal A=85 TeV K [ ] Expected +2 S.D.

75 80 85 90
SUSY-breaking scale, A [TeV]

Signature predicted in GMSB where pair-produced NLSP
neutralinos decay into Z /y + gravifino

» Model excluded up to GMSB scale A< 87 TeV @ 95% C.L.



Search for resonances in 4j events
r“ : arXiv:hep-ex/1303.2699, submitted to PRL

CDF Runll J Ldt=6.61" pp\s=1.96 TeV
Preliminary

.
pp— X = YY — jjji

o(pp — YY = jjjj) [pb]
Observed 95% CL limit on cr;ss section [pr

50 100 150 200 250 300 350 400 450 500 250 300 350 400 450 500

Resonance Mass m, [GeV/c?] Resonance Mass m, [GeV/c?]

Ldt=66f" op Ws=1.96 TeV CDF Bunll Preliminary
"'Yﬂ—i' il —8— Ex
vl

Searching for narrow resonances in
2-jet & 4-jet mass spectra, excluded:
» Coloron in [50,125] GeV/c?
» RPV stop in [50,100] GeV/c?

» Axi-gluon—hyperpions
in [150,450] GeV/c? for couplings preferred by CDF top A

o(pp = X =YY — jjjj) [pb]

150 200 250 300 350 400 450 500
Resonance Mass m, [GeV/c?
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Top

Exploring the heaviest known elementary parficle
A potential gateway to new physics
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Tevalron M,,, combination w

PRD 82, 096003 (2012); CDF public note 10976

Lepton+jets Runll CDF 173.00 £ 0.65 + 1.06 GeV 100%
Lepton+jets Runll D@ HoH 174.94 £ 0.83 £ 1.24 GeV 90%
Leptontjets Runl| CDF —_——— 1761 * 51 +53 GeV E‘ w  80%
Lepton+jets Runl D@ ——a— 1801 = 3.6 3.9 GeV E g 70%
Alljets Runll CDF H-OH 17247 £ 1.43 + 1.40 GeV G =
Alljets Runl CDF o 1860 +10.0 + 57 GeV EE 60%
Dileptons ~ Runll CDF ——a—H 170.28 + 1.95 + 3.13 GeV - 3 50%
Dileptons Runll D@ H=o—H 174.00 £ 2.36 £ 1.44 GeV ‘6' o 40%
Dileptons Runl CDF H———%—|—H 1674 103 £ 49 GeV : |2 30%
Dileptons  Runl D@ ° 1684 £123 +36 Gv | S 2
E ets Runll CDF H-otH 1m232¢ 180+ 182 cev | B e 20%
Decay length Run Il CDF —_— 166.90 + 9.00 + 282 GeV = °© 10%
Uofrﬂ
Tevatron Combination 2012 HoH 173.18 £ 0.56 = 0.75 GeV ’;\0_!}-‘”
X rdot=8.3111 &
&
160 170 180 190

Mass of the Top Quark [GeV]

> Mig, = (173.20  0.87) GeV/c?

» 0.50% precision!
My measured at the LHC

and [My, & M;,,] measurea
at the Tevatron consistent
at 68% C.L.

M,, [GeV]
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CDF public note 10975

—— ALPGEN Octet A —— OctetR —— POWHEG 4 7+Jets Data —— Fit A@qy,)

_ POWHEG OctetL  =w= |qy,|=1.25 Uncertainties: | +1lo(stat. +sys.) MM +1o(stat.)

CDF Run Il Preliminary J£=9.4/fb

Partially correlated with Ag(tt) (if tt production polarized),
essenftially free of event reconstruction uncertainties

» Measured total Ag'®P = 0.094 £ 0.032,,; + 0.029

Syst

> SM@NLO AP = 0.036
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PRD 87, 011103(R) (2013)

DO L=5.4 fb —— Data D@ L=5.4 fb” —— Data
M M
I Background + [ Background

» Measured total Agg'®P = 0.058 £ 0.051,, + 0.013

Syst

» Combined with [+jets result, Ag'®P = 0.112 + 0.032

> SM@NLO Al = 0.047



CDF public note 10974

CDF Run Il Preliminary [£ =9.4/fb ti—¢v+ jets

—— NLO SM (PRD 86 034026 (2012))
HH Legendre series integral (Data)

(1/5) -(do/dcos6,)
Legendre moment (a,)

—— NLO SM (PRD 86 034026) -+ LO t-channel (Z' 200 Gev/c?)
- LO SM (Pythia) T Data (stat+syst error)
-+ LO s-channel (Octet A) § Data (statistical error only)

Legendre moments | — N0 7D 5 034z 2012

characterize M 7 L a2 200 Gevieh
the shape of the cross section '

1 Data
» Agreement with SM@NLO N S
for all but 15t moment

Contributed Agg

> AFB dominOTed by Legendre degree

NV\/\W\NI/\I IPI\I |mrmr\ .IS-I- W\/\M/\V‘\'I'
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Eleciroweak interactions

Pushing precision
Testing the gauge symmetry of the SM
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e 112005 (2012)
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iy 5.0*"®
18 CDF, 6.0 fb'
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E \I:’)vws\t/v iet Do, 8.6 tb™ 1
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" 1
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= i 132 eevv 0.98
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B e et e R

Data/MC

< Wil & ZZ—-llvv: measured relative to Z—ll, then
normalized to theory

& Combining ZZ—slivv with ZZ-sllll(6.4 fo'!):




CDF public note 10957

Ldi=97m" ll-Y: CDF Full Dataset '12
[ (L=9.7 fb‘D‘; —

CDF livy |2 1.48 £03140.17
(L=9.71") —_—— :
CDF 4 lepfons '12 0.99 +0:45 +0.11
(L=9.7 fb‘r‘; —_—— 0.35 0.07
CDF combjined '11 1.76 £2-30 038
(L=6.01") _ 0.33 70.26

e ‘ ' g CDF 4 lepjens 2.18 +28440.30
‘ 8 (=6110) — @~ —osy

CDF Run Il Preliminary

[+1]
o

0.
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[\*) £y
o o
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=]
o
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o

0.60
&92"9"}'55 —_—— 1.32 455

DO combined 11 1.40 £34340.14
(L=6.010") —— .

DO 4 leptons 1.26 :27740.14
(L=6.4fp) ~——@— 3

COF 4 lepfons 1.56 428040 25
(L=481b ) —_— i

CDF (4 legtons + Ilvv) 1.40 ig‘gg
(L=1.91b ) @ i

DO (4 leptgns + lvv) 1.60+0.63 igl?
(L=1.71b ) —_—: -

[=2]
[=]

&
o
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M, leading P, Z [GeV/c?] : E

LIl counting experiment; ZZ—llvv: NN fit

1 1.5 2
- o(pp — ZZ) (pb)
o(pp — Z2)

> L7l 7o

a(pp — ZZ) = 0.997% 35 (stat.)*% 07 (syst.) pb = 0.99'%"% pb

= 0.73"% %, (stat.) %% (syst.) = 0.73*%%

o(pp =+ ZZ)

» [[—>llvv o
o(pp — ZZ) = 1.48" 5 (stat.) - 0.17(syst.) pb = 1.48" 735 pb

= 1.06"%%, (stat.) + 0.12(syst.) = 1.06™%%5

o(pp — Z2)

» Combined

o(pp — ZZ) = 1.38 + 0.19(stat.) %% (syst.) pb = 1.38"%%, pb

= 0.99 + 0.14(stat.)"%'15(syst.) = 0.99"%
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WWZI & WWy couplings w

PLB 718, 451 (2012)

A Ax

= 1 = E < 0.15r -
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PRL 106, 241801 (2011)
CDF public note 10952

. -
LEP1: AllZ pole 23153 £ .00016 TeV/LEP2 380385 £ 15

LEP1: light hadrons —————u«——
2320 £ .0021

LEP1/SLD/m, - 80365 + 20

DO: D-Y A,

M,, (GeV/c?)

CDF Il Preliminary CDF:D-YA, —e— 30297 + 55
0.110 ‘.008, L=2.1 fb-1 CDF: D-Y A4 CDF Il Preliminary
PRL 106, 241801 (2011) nglgﬁir;agﬂr?a

ry

0.226 0.228 O.Zi " 0.232 0.234 8uU000 80100 80200 80300 80400 80500 80600
sin’6r W boson mass (MeVic?)

< Measured A, (V-A interference) from cosB term of the
angular distribution of e*e™ pairs with M, in [66,116] GeV/c?

< Derived sinB4°® and M, from A, and ResBos prediction
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QCD

Challenging the predictive power
of a weakly converging theory
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arXiv:hep-ex/1301.4536, submitted to PLB
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ing event @ 3 energies

CDF public note 10874

Multiple Parton Interactions / Outgping Parton

Underlying Event erlying Event
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arXiv:hep-ex/1302.6508, submitted to PRD
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() + jets cross sections
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Flavor

SM and bound states
Looking for fine-tuning effects



http://www-cdf.fnal.gov/

Search for B°.—uu decay

PRD 87, 072006 (2013)

<> FCNC suppressed: BRg,, = 3.5%x107

< Used B*y —>J/WK* > u~K*
for normalization

< Trained BDT against MC for signal
& data sidebands for background

+ data
— Full fit
—-B" s JyK*
Exponential bkg.
B Partial recon.
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in charmless botitom decays
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Acp
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50 Ap(BP) significance

B(A)spr—)—B(Ry—pr )

AD 3 pr—)= +0.07 £ 0.07 & 0.03
B(AS—pr—)+B(Ay —prt) Acp(Ay = pr7 )=+

2.90 in Acp(BY) (4.50
combined with LHCD)
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CP violation in B* decays

arXiv:hep-ex/1304.1655, submitted to PRL

* D010.4fb"

Analyzed B* —J/WK* —pu K= v
- iy
& B* = J/ymt »utu £k I Clnbinatra

D
X5

II“"‘.

> AVWK = (0.59 + 0.36)%
> AT = (—4.2 + 4.8)%

e D010.4fb"
— Total

Most precise measurement, L
thanks to the ability to reverse +
the magnetic fields at DO

& B, — Jhy h'X
[T combinatorial

Consistent with SM expectations

5.6
M (J/y h*) [GeV/cF]



Charm mixing

CDF public note 10990

Beoartet RD_3 y’_3 x’z_3 ‘ Ey.(cl..No-Mix RB-3 . 93<1 02 CDF Preliminary (L=9.6fb")
(x10~) (x10~) (x10~) Significance (x10~) s
Belle 3.64 +£0.17 0.6+40 0.18+0.22 2.0 3.77+0.09 8; 4
BaBar 3.03+0.19 9.7+54 -0.22+0.37 3.9 3.53+0.09
LHCb 3.52+0.15 72+24 -0.09+0.13 9.1 4.25+0.04 )
CDF 351+035 427+430 0.08+0.18 6.1 4.30 £ 0.06
! !
S e Rt = Ro+ (1) VEoy + (r T
- _:::am | DCS to CF rafio | | Interference | | Mixing | t/lo
1
t' = 2cos gy +ysindg, ="
0.5 o —1I4

Y =ycoslg, —zsinldyg, v=-"r

Confirmed recent LHCb observation of

charm mixing (from single decay channel)
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E ] Future

Priorities: Tevatron-relevant measurements with full
luminosity,
iIncluding combinations of results (CDF + DO and
LHC + Tevatron, when appropriate)

BSM: Relevant searches where triggers/backgrounds
favor Tevatron vs. LHC

SM: Exhaust precision limits of legacy measurements
(Mw, Miopr A, S-Channel o)

Flavor: Exploit advantage in production with CP-invariant
initial state


http://www-cdf.fnal.gov/

d |
15 Conclusions %

< Tevatron experiments keep producing high-quality results

< Higgs program completed, independent evidence from
a proton-antiproton collider

< Precision measurements of My, & M,,, consistent with M,
measured at the LHC

< Stringent tests of SM & constraints on new physics models
are driving theory

< Ongoing joint effort by Fermilal and Tevairon
experiments
to preserve data and analysis knowledge of the unique
Tevatron proton-antiproton sample


http://www-cdf.fnal.gov/

