Tevatron Results

Jan Stark
Laboratoire de Physique Subatomique et de Cosmologie
Grenoble, France

Meeting of the GDR Terascale
ULB Brussel/Bruxelles, November 3-5, 2010



Disclaimer and acknowledgements

The Tevatron physics programme is very strong and lively — it would take days
of talks to cover it.

What | will show here necessarily is a tiny, biased, personal selection of recent results.
A lot of more detailed talks are available. | found these ones particularly helpful,
and | have used them freely in the preparation of this talk:

Sabine Lammers, “Recent results on QCD from D@”, CERN seminar, June 22" 2010.

Marco Verzocchi, “DJ results for ICHEP 2010’
Fermilab Wine&Cheese seminar, July 16", 2010.

Volker Buscher, “Searches for Supersymmetry’,
22" Rencontres de Blois, July 2010.

Elizaveta Shabalina, “The physics of top, W and Z”, plenary talk at ICHEP 2010.

Ben Kilminster, “Higgs boson searches at the Tevatron”, plenary talk at ICHEP 2010.
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The Tevatron

Since a few years the Tevatron
performance is truly excellent.

Peak initial instantaneous luminosity:

400 * 10*°cm=? s™

Still the world's most powerful
“boson factory”.

Both experiments are collecting
data efficiently.
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QCD analyses: main motivations

Gluon dlsirlbutlon at Q=

10‘ Ge‘.""

G g BN R 3
e Test perturbative QCD 2 m‘""‘“"“ =
| | . S HE S CTEQG.6NLO / & _E
e Explore new kinematic regimes Bk e 3
= e A - _'_'__;.,':_..'. Sy 5
e provide important inputs to PDFs i 3
® o :
° SearCh for New PhySics :;:lé: 0.12 0?3 014 llls 015 OITEJ
e resonances can show up in jets too!
e use SM as a guide
e Measure important backgrounds to New Physics searches
o . > 10y { m ot o
e N(N)LO predictions not available for many processes of ~ & = ”=2® o s e
interest, particularly those with large jet multiplicities and 3 el =t TGV
heavy flavor components => data measurements crucial § | . $
w - P
. . . . . L _*_+_ -Dihn:.;fm
e New Physics share signatures with irreducible 10F -
backgrounds that are currently being pinned down. : _, T
3
* Interplay between fragmentation models, tunes, PDFs and R -’--360 —
scale choices needs to be understood to model SM E, (GeV)
backgrounds
Jan Stark GDR Terascale, Brussel/Bruxelles, November 3-5, 2010 4



o(Z+b) / o(Z+))

Measure o(Z+b) / o(Z+j) ratio using 4.2 fbo' of D@ data.

Use fit to distribution of b-tagging probability to extract fraction
of signal/background in Z+jets sample.

For central jets (|n|<1) with p_ > 20 GeV:

o(Z+b) / o(Z+j) = 0.0176 £ 0.0024 (stat) = 0.0023 (syst)
in agreement with NLO QCD calculations (0.018 + 0.004).
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TeV-scale superpartners ?

A typical SUSY mass spectrum: SUSY could be part of the solution to

<102 - various puzzles:
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Inclusive search for squarks/gluinos

Squarks/gluinos produced via strong interaction

— large cross sections at hadron colliders

Decays: jets + LSP _LSP
LSP assumed to be stable (R-parity) .

. . MET
— signature: jets + MET o
LSP,
— B
N, >3 MET>120 HT>330 CDF a9 — qq + L1
10° —e— Data (L=2.01b)
= — QCD + non QCD Bkg.
> N non QCD Bkg.
O 10’ Total Syst. Uncertainty
o = _.-I—'— —— Bkg.+Sig. M, = 249 GeV/c®
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Inclusive search for squarks/gluinos
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No evidence for squark/gluino production at Tevatron.

Limits in squark/gluino mass plane, probing squark/gluino masses up to 400/320 GeV.
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Which SUSY particles to look for ?

A typical SUSY mass spectrum:

_,_._-“]IE_ _
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Sbottom quarks

Decay: b — b+ x?
— jets + MET analysis with b-tagging

New result: DG, 5.2 fb™
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Sbottom quarks

Visible energy in the event depends on the b-x? mass difference
— mass-dependent cuts.
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Which SUSY particles to look for ?

A typical SUSY mass spectrum:
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Search for charginos and neutralinos

Most sensitive channel: x*x — 3¢+ Ep

Challenges:

- production cross section (electroweak) relatively small

- low-p_ leptons

Large number of tri-lepton and d-ilepton plus track analyses

from CDF and DY
- p, cuts as low as 3 GeV
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Analyses probing chargino masses up to 176 GeV (reach degrades with increasing tan j).
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What do we know about the top quark ?

Very rich programme of top physics at the Tevatron:

tGP CIUEH"k Pal I'S anomalous couplings
L v rare decays
branching ratios
/ CKM matrix e EI‘f‘IEI‘lt [Vis)
Wi new particles

spin correlation mass, charge, width, lifetime

charge asymmetry Am

production cross section W helicity
production kinematics W~
resonant production -] s
production mechanism bT >
new particles

EW top quark production observed

An oddity in any of these measurements could be a sign of new physics.
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Top quark and W boson masses

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

T 1

V2Gr sin Oy /1 = Ar

Radiative corrections (A r) depend on M, as ~Mt2 and on M as ~log M .. They include diagrams

Precise measurements of MW and Mt
constrain SM Higgs mass.
W W

For equal contribution to the Higgs mass uncertainty need: The limiting factor here
AM = 0.006 AM . willbe AM_,notA M !
W t t

Mw =

like these:

Additional contributions to Ar arise in various
extensions to the Standard Model,
e.g. in SUSY:
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Motivation

experimental errors: LEPZ2/Tevatron (today)
68% CL

80.70 For equal contribution to the

Higgs mass uncertainty need:

I 959% CL A Mw = (0.006 A 1\/[t X
80.60 —
- Current Tevatron average:
< i A Mt = 1.3 GeV
8 80.50 — = would need: AM_= 8MeV
Eg Currently have: A M =25 MeV
80.40
i At this point, i.e. after
80.30 1 all the precise top mass
MeeM . measurements from the
both model | Tevatron, the limiting factor
80.20 2liufliile s Sl SRR hereisAM_,notA M .
| Heilﬂemeyrer, Hollilk, lStDc:I-Linger, 'u"'.l'ebiar: Weiglein '08 7
160 165 170 175 180 185
m, [GeV]
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A possible scenario for the next few years

M, [GeV]

80.70

80.60

80.50

.||r1||]1rr||r1

maof

80.30 b

— 95% CL
— 00.7% CL

L] I I | I L] L] I | L] I I I I ] ] I ! l ! ] ] !
expernmental errors: LEP2/Tevatron (today)
68% CL

i I--:l-li J::I:.J-||IIII|I l

SM
MSSMEEEEE]
both models

A Heinemeyer, Holik, Stockingesr, Weber, Weiglein 087

| 1 L | 1 | | 1 |. 1 1 L 1 1 1 1 | | 1 1 1

170 175 180
m, [GeV]

Higgs discovery with a large Higgs mass

185

\
BMW =10 MeV

ﬁmmp =(.5 GeV

Jan Stark

GDR Terascale, Brussel/Bruxelles, November 3-5, 2010

17



Top quark mass measurement

0 The most powerful method: matrix element method

» Calculate probability for event to be signal or background as a function of top mass
»  Multiply event probabilities to extract the most likely mass

Maximizes statistical

power by using full
event information

£
K]
)
E
o

Top Mass
. COF Run |l Preliminary 5.6 fb ™ _ C0F Bun i Prefnnmy 100
|+jets channel E uf ic o p——
LT i B R
Top mass and jet energy scale .- —
extracted simultaneously from ™
maximum likelihood fit to data .. —anu=0s T ) 1 |
aut = AflnLy=-2.0 ——— ):
| J:ll';_'lllllnlr=ﬁﬁ f - '_ i i I-LL—I— - — P
-&.TER - “.15 =+ “-IH 1] 5.6 fb- T "ir'q}.;';;:é;}i o " :.L..-uﬂu.- urslalm-u-u-r::.:::!'.n.'|:=l|:I

Meop= 1 73.0£0.7(stat)x I. I (syst) GeV . the most precise single
+1.2(total) GeV

measurement: £0.7%
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Top mass Tevatron combination

Mass of the Top Quark e
July 2010 i prediminany) E-.. = S t t.
GO il ephon - 1674 = 11 4ot e i ml,-'ll\lh“l"' FS Ema Ic SDUFCE
D o oo . 168 4 = 12 Bt 8 i . .
statistical .
CORAl dlepton * y 1706 = B8 o | cnmpnnéngaanES‘ iJES 0.46
LI cltepion © 1747 x 28 («20.24 b-jet response EIJES 0.21
D FA leplor +ped 5 1TE1=T 4 (aBia .
a— b-jet energy scale bJES 0.20
D Dootoni+ jods 180 1=53 jaabaii deE“n
COE lepton +ots | 1730 = 1.2 fabbad. 1 uncertainties CJES 0.13
X341 lopionjots * ¥ ITAT = 18 oser g residual |ES d|ES 0.19
DR allpis Il%l:l:ll:'-..llllu i
— —-— detector response r]ES 0.15
EOEA rack T imms 88 e LEPtﬂI’I PT 0.10
ST C oo " * A o DL 1 BB
R I ISR/FSR, PDF, NLO Signal model 0.19
I i = B -3-.| ]
150 184 170 180 180 204 Ba:kgmund ﬂ.13
ki Fit 0.11
0.6% relative uncertainty
showering model MC generator 0.40
Meop= 173.3% 1.1 (total) GeV Color rcommoction 039
0 Measurement in different channels . :
consistent with each other Multiple interactions 0.08
O Different methods produce consistent Total | 06

results
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Events/'0.5 GeV

W mass: first D& Run Il result (1 fb™)

- - DATA

- — FASTMC

- CDF Run 0/ ——— 80.436 + 0.081

- DO Run | — e 80.478 + 0.083

a CDF Run I —— 80.413 + 0.048
® my, Ge Tevatron2007 = +~®— = = 804321 0.039

s <D§/;Jn " - 80.402 + 0.C 043

E?ﬁ} ........... .\l +, ..... + * + | + ....... H ..... % ........ + | H ...... Tevawon2000  ve~ 80420+ 0.031
.:f'W {ﬂ“#*ﬁ+%+ﬁﬁ*- w“ﬁ%ﬁ' mﬁ Woldmermgr et o oo
4 B PR —— 80 80.2 . (;3{:; 80.6

D@ Run Il (1 fb"): world's single most precise measurement.
Uses the W — e v channel with central electrons (|n|<1.05).

~ 500k W — e v events
~ 19k Z — e e events (critical calibration sample)
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W mass: D@ projections

With 1 fb* uncertainties are mainly statistical (including 'systematics' from limited data
control samples). Let's extrapolate:

source of uncertainties l1fb-1 |6fb-1 |(10fb-1
______________________________ i At end of Run Il, expect total uncertainty
““““““““““““““““ B on W mass of 16 MeV from DJ alone.
Statistics 23 (10 8 Expect similar performance from CDF,
----------------------------------------------------------- -- and combined error of 12 MeV.

Systematics This legacy measurement will be in the
Electron energy scale 34 | 14 11 textbooks for decades to come.

Electron resolution 2 2 2

Electron energy offset 4 3 2

Elect_mn energy loss 4 3 2

B T iencice Sl 3| 2 Could be an important contribution to getting
Backgrounds 2 2 2 the standard model into trouble

Total Exp. systematics | 35 | 16 13 in the near future:

Theory with om = 15 MeV, om, = 1 GeV
PDF 9 6 4 and m_ = 80.400 GeV :
QED (ISR-FSR) 7 4 3 w
Boson Pt o I m, =71 GeV <117GeV @ 95% cl
Total Theo 12 8 5

Y (P. Renton, ICHEP 2008)

Total syst+theory 37 18 14
(if theory unchanged) 20 17

Grandtotal | . aa | 21 | 16 |20
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New experimental constraints on "p_(£)”

Measure do’/dp_ for inclusive Z boson production (455k Z — ee/ 511k Z —uu decays)
in 7.3 fb™' of DA data.

Investigate possibility of small-x broadening of Z p_distribution at low p_.

Minimise detector resolution effects: use novel technique requiring only measurements
of lepton directions.

p! a; (lepton2)
Define: p(lePtom) J p P
q}d'l:tlp= TE-‘..':'Lq."" T
EﬂE'EI'n‘= tanh((n—nm")/2))
¢ =tan(p_  /2)sin(8 ) o —— e

Recoil

Perform measurement of da/d@*n
in bins of Z boson rapidity y.
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New experimental constraints on “p_(Z£)”

Comparison of the unfolded data to (three flavours of) ResBos:

=Y
[ ]
b

A

b)1<|yl<2

(/)]

@

7]

Pl 2 - 2 _

o 0.9 x(ee,w) = 25/24 _ x(ee,w) = 27/24
2.2  gam
o Tt (c) lyl>2 E =l data
© : o eedata
oc ResBos

'

ResBos (tuned g,)
ResBos (small-x)

0.8 PDF @ scale uncertainty
el i iiwel _ i % s ¢ iaal i i ia o vaawl
10 10" 10 107 1
0; 0;
n n
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W charge asymmetry

W* rapidity measurement constrains M. .
PDF of u and d quarks. X,=—F¢"’
)
Different u, d momentum:
W* produced asymmetrically. rH\
- B}
— charge asymmetry of |, v from W decay N W -
u [
. . E )
But V-A interaction: reduces the observable — N =
asymmetry in the lepton rapidity distributions. i
M'”-. y
s OB e coFimdamastatesyst) 3
_ _ £ 075 ——— NNLO Prediction(MRST2006NNLO) E
First direct measurement of E 0.65- [] PDF uncertainty(MRST2006NNLO)
W charge asymmetry from CDF =, osE y
= = e ; =
0.4 =
Find the two neutrino four-vectors which S ,aE )y 4 3
. < = - E 3
are solutions for m(l v) = M(W). 5 o2f ot 3
Despite additional complication of s et
multiple solutions, it works ! % 0.5 1 |;5| 2 23
w
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Observation of di-boson signals

10° Observation of Bosons at Hadron Colliders
10° W " Observed
o | £ ] == Theory
E’ 10° 4 5 : :
s 1983 5
5 40 L L
g 1 1995 L ww g
s | Fermilab | wz
w 10 2005 i Z2Z |
E Fermilab: 2007 .~ .H_
O 1= Fermilab: 2008 :
- := ? | : Fermnlah
107 |
1020

All di-boson signals observed by both CDF and DO
in many different final states.
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Di-bosons: examples

Events/10 GeV

Measurement of o-(WZ) .Sear:ch fo.r a.noma;\Inc:EL_lrsf!rlplle gauge couplings
in the tri-lepton + MET final state: inthe e jetjet + Inal state:
P. <e
w 1%
0 L ARRERRRNE ezw &
9 —
1 3 W/Z q
g D2, 4.1 16" 3 5 < -
7 = q
6 —— —z
2 _"_| _5 c CDF run Il Preliminary 2.9fb”
4 — 8 L.
E > 16— Et cuts optimized
3 = & [ for600-700GeV G*
g g ¢
2_—|_ o _E E 12:_ -o-Data
- = g C |##Bkgd+lc
T IE 10:_ nglegtr;al
0 20 40 60 80 100 120 140 = =§vw
MTy, (GeV) - 'macop
6— |1 Others
2f
— +1.06 C |
c =3.90 -0.90 pb %0700 200 300 400 500 600 700 800 900 1000
WW Invariant Mass (GeV)
(SM: 3.45 pb) M, > 607 GeV (k/M_= O.1)

Jan Stark GDR Terascale, Brussel/Bruxelles, November 3-5, 2010 26



Direct Higgs searches

Low mass Higgs: < HProducﬂon:
2 99— ]

- H— bb, QCD bb background is overwhelming 4
- use associated production to reduce background 5 o

High mass Higgs:
- H- WW — Ivlv decay available 0o A e e
- take advantage of large gg — H production cross section g

CDF Run Il Preliminary, <L> = 5.6-5.9 b
= A R s AR AN AR KR
LEP ----- WH+ZH+VBF —+jjbb 40 fb" Exp = =-=-=-=-- WH+ZH -METbhE.?fb'Exp
%103 Excl. o poaee = el
| —_ ZH .-.Ilb.bs.?fb':i)bs — H..‘.lsl_arb]':bbs .
| o ZH-+lbb 576" Exp = ===== H-—+yy 5.4~ Exp
o , T wensen o 2\ |
102 T meimien 75 2 N
. ’ ' == Combined Obs 1 1050 150 140 160 5—léh:}_\_‘_?lﬁﬂ
e — myy (GeV/ic?)
10
.
| I R | Ly 1 uly19,2010)

40 50 380 170 180 oo a0 Final result is the combination of many channels.
m,, (GeV/c?)

100 110 120 130
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Tevatron combination

Tevatron Run Il Preliminary, L < 6.7 fb”’

95% CL Limit/SM

—
o
|

B =22== - Expected

B {........._Tevatmn Excl uslnn

Lttt rrr ettt et
LEP Exclusion Tevatron
& _ ~ Exclusion

= Observed
- t'lUEIPﬂGtEd : R B . ;

o Sw=r

July 19,2010 ]

100 110 120 130 140 150 160 170 180 190 200

Low mass sensitivity

approaching LEP exclusion

mH(Ge\m:: )

158 < m, < 175 GeV

High mass 95% CL exclusion:

Jan Stark
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One example: ZH

Search for ZH associated production with Z — vv , H— bb
Final state with two acoplanar jets and MET.

Updated double tag results based on 6.4 fb-1 of data.

Analysns sample (twu asymmetrlc htﬂg_'_ Analysls sample {two asymmetrlc btags]
o™ - &d T
= [ myDT>00 DO Preliminary (55 "1 = . F Null Fit Ryn lib 2 btag DO Frellmlnargt (5. 5 fh']
120 ‘ + o 20 ata-
o C T.np - E B VH - 5 3
£ 1001 * i mvnivv 2 100
s n + Vel ¢ 10
> C + =
w 80— L

4 n Cvhix 0

60—

4”; 10—

20— -15=
= -20—

06 -04 -002 0 02 04 06 D8 1 -1 -0. B -0. 2 I L ! ]
Final Discriminant Final Discriminant
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Hypothesis: m , = 165 GeV

Tevatron Run 11 Preliminary, L = 6.7 b’

i * Tevat Data
i mH=]-ﬁS GeV/c’ Bi;igr:}ﬂ':m;
- Bl Signal
ter . July 19, 20100
L2 . .
..
L
L.
L
v
-y
[ |
[ ]
|
| -3 2

0 1
log,,(s/b)

All bins of all sub-channels
of all channels.

‘OF + DO Run 11 Preliminary —+ Data-Background
467 fh! Signal
— =] s.d. on Background
—— _|——| +
1 + =+ =
4 e 4
|__f__:"_
4 m, =165 GeV/c’
July 19, 2010
35 -3 -25 -2 -15 -1 05 O

log,,(s/b)

Data — background shown
compared to signal in red.
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Hypothesis: m , = 115 GeV

Tevatron Run II Preliminary, L = 6.7 fb™

[ ]
élil'ﬁ' - S * Tevatron Data
S m, =115 GeV/e Background
=io° [° B Signal
July 149, i1
107 .
LR
L
10 .
-
10 “ .-
[ ]
10 '
Fit
1 - |
-1
10 v
_2 -
10
|
A I
04 -3 2 - 0 1
log ,(s/b)

All bins of all sub-channels
of all channels.

o
o
L
o
L

50

Events/0.267
|
]

]
I I
Lh = Lh

-50

[
=]
L

-100

| | CDH<+ DO Ryn 1T Prelimirjary T~ Data-Background

T4 I Signal

3 kS _— — =1 s.d. on Background

- e ———

4 J_l_l_ +
S
| A m, =115 GeV/c®

3 July 19,2010 B

-4 35 -3 25 -2 -1.5 -1 -05 0

log, (s/b)

=10

Data — background shown
compared to signal in red.
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Outlook 2012-2014

Tevatron Preliminary Projection

0 f H'
S V 16 fo'y 1| 6
g A >
¥15 ) 5 2
£ a
3 4
o 10 3
. 38
2 ¥
g 2
g 5 o
a
1 ¢

0103 110 120 130 140 150 160 170 180 190 200 0
With Projected Improvemenis m, (GeV/c?)

Strong motivation to
collect data beyond 2011 !

A three-year extension of
the Tevatron Run |l

(until 2014) is under
consideration by the
funding agencies.

With 16 fb-1 available for analysis, with Tevatron run extension, we

will be able to see evidence of the Higgs in all allowed mass range
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Conclusions

The Tevatron physics programme is very strong and exciting.
Have attempted to show a few selected highlights.

The Tevatron is still highly competitive with the LHC,
and it will always be complementary to the LHC:

- Searches for new physics: LHC benefits from larger vs and has started to take over
in some selected signatures.

- Tevatron will remain the leader in precision measurements for quite some time:
top quark properties, QCD precision tests, ...

- In some key measurements it will be impossible for another hadron collider to beat the
final Tevatron results by a significant fraction: top quark mass, W boson mass

- Some Tevatron measurements simply cannot be done at the LHC, because the
Tevatron is p pbar at 2 TeV:

W boson charge asymmetry, di-muon charge asymmetry, top spin correlations, ...

- Low mass Higgs is tough for everybody.

Strong hunger for more data, and strong motivation to extend the run even beyond 2011.

Jan Stark GDR Terascale, Brussel/Bruxelles, November 3-5, 2010 33



Backup slides
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The upgraded Dzero detector
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Theory & uncertainties

@ We make use of well-motivated and state of
the art gluon fusion cross-section
calculations and uncertainties
= gg — H uses NNLL + NNLO calculations

11 "Next to Next to Leading Log/Order”

de Florian & Grazzini (Phys.Lett.B674:291-294,
2009)

o Soft-gluon resummation treatment
o MSTWZ2008 Parton Density Function

Anastasiou, Boughezal, Petriello (JHEP:0904:003,
2009)

1 Proper treatment of b-quarks at NLO
i1 Inclusion of two-loop electroweak effects

@ For those interested in a detailed explanation of our
choices and comparison with more extreme approaches :

http://tevnphwg.fnal. gov/results/SMHPubWinter2010/
gghtheoryreplies_may 2010.html

— Pythia. m, = 160 Gy

— HaT, my, = 160 Gav

Tavatron 1,596 Tey
gg-—+H

Reweight PYTHIA Higgs Kinematics
to full NNLL calculation

WA i e, =0 50

T J 1l Sl
e WO [Geic)

Gﬁnsider same variations for
dominant WW bkg

Ben Kilminster, ICHEF 2010
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Di-muon charge asymmetry

* We measure CP violation in mixing using
the dimuon charge asymmetry of semileptonic B decays:

++ —
st — ++ —
N,”+N,
N, ", N,V — number of events with two b hadrons decaying

semileptonically and producing two muons of the same charge
One muon comes from direct semileptonic decay b — u= X

Second muon comes from direct semileptonic decay after neutral B
meson mixing: B* 5> B* > u X
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Di-muon charge asymmetry

« AP is equal to the charge asymmetry of "wrong sign"
semileptonic B decays:

(B u'X)-I'(B->y X) _

— =A
F'B-ou' X)y+I'B->uX) "

b
L

See Y. Grossman, Y. Nir, (5. Raz, PRL 97, 151801 (2006)

"Right sign" decay 15 B—u™ X

"Wrong sign” decays can happen only due to flavour oscillation in
B,and B,

Semileptonic charge asymmetry can also be defined separately
for B;and B, :

. F{-Ef —> u*X)-I'(B) > #‘I}:
Y (B > u'X)+I'(B > y X)

a

g=id,s
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Di-muon charge asymmetry

* [Inthis analysis we measure -
a linear combination of 0.01

d 5 .
a®, and a*

A; = 0.506 ﬂ:, +0.494 ﬂ:., -0.01

L b
* Obtained result agrees well 002 DO A,
: "L = Standard Modeci
with other measurements of i
d d o -'IHIS—_H Factory W.A.
a’, and a* ] R o o
_ I | | 1

-0.04-0.03-0.02-0.01 0 0.01

dg)
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