Latest results from Tevatron collider
experiments

.

Quarks 2010 International seminar Alexey Popov (IHEP, Protvino)



Outline

» The Tevatron collider

» Experiments and data

» Higgs (SM and SUSY) searches

> Electroweak physics
» QCD physics | N

o

» b-physics - T

» New Phenomena searches [
> Tevatron perspectives

I\ o9/ S
A T A W
R T NN
O AN
ummary e

(top physics will be covered in additional
presentation by L. Dudko)

Quarks 2010 International seminar 1 Alexey Popov (IHEP, Protvino)



The Tevatron collider

FERMILAB'S ACCELERATOR CHAIN

MAII\I INJECTOR

QECQR -\ \

«u._____ ‘--r-*/

TEVATRON

"~ TARGET HALL
AMNTIPROTON

- BOOSTER
LINAC

Proton

Antipraton
H Directlon
e

Dirsction

™
COCKCROFT-WALTON

1.96 TeV center of mass energy

4-1032 cm2sec’! peak instantaneous
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In stores ~120 hours peer week

Total 8.6 fb-! luminosity delivered in Run Il
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Peak Luminosity

Weekly Integrated Luminosity (pb)
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Detectors and data

* Vertexing

* Precision tracking
e Calorimetry

* Muon system

* Hermetic — Missing E;

m Silicon tracking detectors

m Solenoid Coil
m EM calorimeter
m Hadronic

calorimeter

m Steel shielding
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H 7 Toroid

) lJ!JPl!J!J’l‘JJJJ[JJJII‘
. °CDF  has better track
==t L -~ momentum resolution and

/E 1@ displaced track triggers at
- Levell
*/ = D@ has finer calorimeter
&8 segmentation and a muon
i } system extending farther
; forward
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& *] Detectors and data

w Run Il Integrated Luminosity 19 Aorl 2002 - 16 oy 2010 At the middle of May
100 D@ has -~7.7 fbt
written to tapes
9.0
8.60 / Typical week
80 /) integrated luminosity
—_ - -1
70 ==Delivered /_r 50-60 pb
260 ==Recorded On average ~92% data
> taking efficiency
.E50 ,_ 7.66
£
54.0
Most results published
30 7 ~3 fb1
20 Many results published
~ -1
0 5fb
Preliminary results
" o ' ~6 fb-1
4:-,?? 4«% Dy, " b, 5 4&% Oy, & A, " %% s, " 4%5 4@% C‘e% '4;::% 'ﬁ% &y, ” 4, » 4&% Dy, " %,_@ 49% &, " '%,W '%% Oafﬂg '45,_?9
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& *] Searching for SM Higgs

6 August 2009 m. =-157 GeV
Direct searches at LEP: M, >115 GeV | W :
(95% CL) . L Ao =
o _ =N L i —0.02758+0.00035 i
Precision EW fits: M < 157 GeV | 3 % - 0.027490.00012
(185 GeV with direct LEP limit, 95% CL) 4 % e incl. low Q data =
Precision measurements of m,and M,, =, 3_- 1
help to tighten these limits = ]
_Augustlztlﬂs . . . : . . 2_ —
{ — LEP2 and Tevatron (prel.) _
80.5- —— LEP1 and SLD 14 LEp 1 4
68% CL _ % )
0 Excluded W Preliminary
30 100 300

m, [GeV]

Light Higgs is favored by SM —in
the Tevatron sensitivity range!

150 175 200
m, [GeV]
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M, > 130 GeV
gg—>H->WW

Main background: WW production

Branching ratio

10 2

60
(GeV/c?)

140
My
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Searching fo

Cross section (p

o
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Excluded by LEPR

r SM Higgs

Production |
ggf*H <

<>

180 200

160

100 120 140

my (GeV/c?)

My, < 130 GeV

Associated ZH and WH
production with H—>bb decay

Main backgrounds: Wbb, Zbb, top,
W/Z+jets, di-boson, QCD
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(7]
S 10° —_DQ Preliminary W +2iet /.2 B—;?éj
m "F L=5.0fb" oWt
- &8 Multi Jet
I B Wob/ce
10" : -tst-top
- = Diboson
X — WH
115 GeV (x10
10?2 3
10 3
1

02 04 06 08 1 1.2
Neural Net output

One of the most sensitive
channels in the ~110-130 GeV
mass range

Isolated single lepton, missing E;,
2 or 3 high p;jets with 1 or 2 jets
b-tagged

Quarks 2010 International seminar

Candidate Events
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w Searching for SM Higgs: WH—IvbDb

95% CL Limit / SM
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CDF Run Il Preliminary, L = 4.8 fb", 2 and 3 jets

T T T T T T B
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95% C.L. Limits on o(pp— WH)xBR(H—> bb)/
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Higgs Boson Mass [GeV/cz]

Lum

Exp/SM

Obs/SM

DO

5.0 fb™!

5.1

6.9

For M, =115 GeV

CDF

4.8 fb~!

3.8

3.3
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Cleanest channel, but low o X Br

Experiment Lum Exp/SM Obs/SM

DO 4.2 fb 8.0 9.1
CDF 4.1 fb! 6.8 5.9

I8 10% - wmm Obcerved imit - D@ RUA JI Prelimii

I posme o
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E Em—
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145 150
my, (GeV)

95% CL Upper Limit/SM

M, = 115 GeV A
CDF Run Il Preliminary (4.1 fb™)
1ZH —I'T'bb
----- Expected
— Observed

1027

] Il t1o

t20

110 120 130 140 150

M, (GeV/c?)
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w Searching for SM Higgs: ZH—>vv bb

Large o x Br but also large multijet
background

Vv

Large contribution from WH with
missed lepton (WH—(l)v bb)

Experiment Lum Exp/SM | Obs/SM
DO 52 b 4.6 3.7 M, =115 GeV
CDF 3.fh! 4.2 6.1

CDF Runll Preliminary, 3.6 f5'
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w Searching for SM Higgs: H > WW

High mass region M_,>130 GeV
dominant decay mode for Higgs

H>WW-lvlv
Clean signature and large o x Br

| — Observed

BN Ex ec-ted-+~1-61»: " _
1:] Exgected'-+20' --------------------- = Higgs mass from 162

to 166 GeV (159-169
GeV with expected
limit) is excluded
with
95 % CL

130 140 150 160 170 180 190 200
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w Searching for SM Higgs: Combination

Tevatron Run Il Preliminary, L=2.0-5.4 b

\ 'I""!""!""
= W&%&% LER_Echusmn m Tevatron
= N e ¥ Exclusion
= VRN | Expected AN | j
: 10 i Observed _____________________________________________________________________________
J _____

O
o
D)  DOOOAAAROON L e b XX
(o))
1
‘ i E . X | Nov?mbers ?009

100' 110 120 130 140 150 160 170 180 190 200

mH(GeV/c )
H->bb, H>1tT, H>yy, HHWW

(90 final states - 36 for CDF, 54 for D@)
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E I/%

» Extended Higgs sector in MSSM: two Higgs
doublets, five Higgs bosons (h, H, A, H?) b ok 11111
» Higgs sector described at LO with two

parameters: mass of the A boson (M,) and tanf3 -
ratio of the vacuum expectation value of the two b g

Higgs doublets _| 0 — 11

» Most interesting region at Tevatron: low M,

and high tanf e e 0 b 0
» In this region Higgs mostly decays to bb (~¥90%)
and tt (~10%)
01T
Relatively clean signature but low Br
bd—>b+bb
High Br but large multijet background 1 ) )
bo—b+1t b ] ]
Reduced background, additional sensitivity at Ll u : g
low M, \ bbo— 4b/bbtt
(h,H,A)—>¢
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Cross section x Br 95% CL [pb]

CDF (2.5 fb'1)

Associated production b¢—b+bb
Note an excess at 130-160 GeV region
tan f ~ 40 for m,=90 GeV
tan § ~ 100-120 for m,=110-170 GeV

------ Expected

Expected +1c
B Expected +2c
— Observed

‘e
e
-
-

T T 17T

T IIIIIII]

Tevatron Runll Prellmlnary 1.0-2. 2fb1

|||||||||||||||||||||||||||||||||||||||||

M, [GeV]
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o(pp—H+b,,)xBR(H—bb) (pb)
=

95% C.L. upper limits

CDF Run Il Preliminary (2.5/fb)

2

10

expected limit
16 band
26 band
observed limit

100 120 140 160 180 200
m,, (GeV/c?)

Tevatron combination for
1T
1.8 fb! for CDF, 2.2 fb! from D@

gg—¢, bb¢ (CDF), gg—¢ (DP)
No excess of events over SM prediction

tan B ~ 30 at m,=130-150 GeV
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CDF Run 0/1 ——
DO Runl

CDF Run |l ——
Tevatron 2007 —e—
DO Run i —e—

80.436 * 0.081

80.478 + 0.083

80.413 £ 0.048

80.432 + 0.039

80.402 + 0.043

Tevatron 2009 ——

80.420 + 0.031

Electroweak physics: W mass and width

Width of the W Boson
Measurement , I, [MeV]
CDF-la o 2,032+ 329
CDF-Ib = 2,043+ 138
D o 2,242+ 172
CDF-II — 2,033+ 72
DI —o—~ 2,034+ 72

@n Run-ill  —e

y?/dof=1.4/4

2,046+ 4

LEP-2* =—e— 2,196 + 83
SEQM World Av.* = 2,085+ 42
World average o 80.399 + 0.023 : * (Preliminary)
L ] | <iyed | . | ! | | ! |
80 80.2 80.4 80.6 1600 2000 2400
m,, (GeV) 'y [MeV] February 2010
Important parameter to constrain New world averages:
Higgs mass
M,, = 80.399 £ 0.023 GeV
D@: single experiment most
precise W mass measurement I', = 2085 + 42 GeV
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w QCD physics: double parton interactions

» Provides insight into parton spatial distributions
- May impact PDFs

» Double Parton cross-section given on a scaling parameter
Ot
- Large values = Uniform spatial distribution

» Double Parton interaction can be background to several
important rare channels, including Higgs searches

"-g " DO,L_ =1.01fb"
= 25_— int
" ol l | (y+iet),+ (jet+jet); — (y + 3jets) final state
s | T l o Values in different jet pT bins agree
- [ ]
E I with each other within their uncertainties.
1o (a slight fall can be also suggestive)
5
- O (¢ = 16.4+0.3(stat)+2.3(syst) mb
' 20 25 30

e (GeV)
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w QCD physics: di-jet angular distributions

S o1f ~— DO 0710
3 W‘ — Standard Model
_ _ © 0.05 ¥ - - - Quark Compositeness
Zdijet o exp(l yl y2 |) D.i . F 025<My/TeV <03 A=22TeV (n=+1)
o 01 b ADD LED (GRW)
—0. _ B e Yok M, = 1.4 TeV
y=05In[(+ Bcosh)/(1-pcosb)] ~ . prlatbpmet]
F | 03<M/TeV<04 M, = 1.3 TeV
| —p> | 0 —I |1 | L1 1 { R S A | |
— 0.1 1
'B E WL—-«"‘"
0.05 + ~
F 04<MyTeV<05 [ 05<MyTeV <06
An excess at small x;;.; would be a sign for 0?_"'
. - iy
new physics W‘ \ +
0.05 |- %_i?"’-” s
F 06<M/TeV<07 | 07<M/TeV<08
'+1'l.o <MyTeV < 1.1

5 10 15 5 10 15
Xdijet = eXp(|y1 'yzl)
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b-physics: B, ,—up

95% CL Limits on B(B; - uy)

» FCNC processes highly suppressed in SM

(3.86+0.57) x 109 (B°,), (1.00+0.14) x 1020 (BO,) ek = _
> Highly sensitive to BSM physics — for ST RIINO | ocor xpected |
example in MSSM Br(B°, ,—up) ~ (tan B)° S 10 — i
’ “PRL 93 {2004}03200 il
5 [Freemete
:-3 ~PRL 95 (2005) 221805/ O}
£ [ Lo Rl ronemi,
New IimitS from Dg and CDF L;, | I PRLMU{MMHMBMQ gf;onf-ﬂnteﬁgﬂﬁ
DG (5fbl): 4.3(5.3)x 108 90%(95%) CL ¢
(BY) a e S
CDF(3.7 fb'1): 3.6(4.3) x 10® 90%(95%) CL R g A i A
(BO) | Standard Model Expectation ||
S
6.0(7.6) x 100 909%(95%) CL 0.01 L L) |
(Bod) 10 100 1000 10000

Luminosity (pb)
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Like-sign di-p charge asymmetry

> Observed CP violation in the K° and B?, systems is not sufficient to explain matter-
antimatter asymmetry of the universe — presence of additional sources of CP violation

beyond the standard model
» Charge asymmetry measurement is a sensitive way to discover “anomalous” CP

violation

++ --
N b -N b
N, +N,
One muon comes from direct semileptonic decay b—p X, second muon comes from
direct semileptonic decay after neutral B mixing: B B’ »p X

Non-zero values of AP, means that the semileptonic decays of B’ and B° are different.
It occurs only due to CP violation in mixing in the B systems

Like sign dimuon charge asymmetry of semileptonic B decays: A; =

SM prediction of the A : (2_3*0065)x10‘4- below the sensitivity of current experiments

D@ latest measurement: 6.1 fb-! statistics

The high energy provides access to mass states beyond the reach of B-factories
Periodic reversal of the D@ solenoid and toroid polarities results in a cancellation of
most detector-related asymmetries
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_ N™-N~ n -n’
N*+N~ nt+n

a=kxAj+a,,, ATKxAJ+A,

Sources of background

-0.01
 Kaon and pion decays or punch-through 'EEDO A
e Proton punch-trough 0.02F" Standard Model i
* False track associated with muon track [l B Factory W.A. °
. ) "B DO B D, u X
e Asymmetry in muon reconstruction -0.03| « Preliminary
- Combination
All background contributions were measured EETTAREERANTITIIRTNE|
directly from data -0.04-0.03-0.02 -0. 01 0 0 01 .
asl
B - u'X)-IB - uX)
q — q q q:d S

" T(B > X)H(B > X))
A =0.506xaj +0.494xa;,
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Many BSM searches progressing at the Tevatron

I I I
DO Run II Preliminary (4 fb™!)
Signal cross section, i = MLO
-------------- BE, x[o+\ 8i(c) + 32_ (o) ], B=1

we B x[ o - \[85(0) + 82,(0) 1, B=(1 - 0.5°F,)

—e— Observed (Expected) limit

oxB? (pb)

T 7 FTTTT

» Supersymmetry
» Leptoquarks (all generations) 1
» Technicolor

> Large extra dimensions

T III|III|

» Compositeness 107 F
» Extra gauge bosons B
> MIS C I | I SRR
150 200 250 300
... and many more M, , GeV
3rd generation leptoquarks S 120F T T T T T =
DO Run Il Preliminary (4 fb™) D ¢ ( 4 fb'l) 8 DO Run II Preliminary (4 fb™) —oObserved
; . . ; o - --Expected _
% | o | | -'-Datla (7, 100 I &
O 102k — Total background »n A W N
e #8 (220 GeV) ~ ~0 g C 3 i
E - = Zbg,Zch I—Q3_)Vb or bl —> le o 80 .
§ 10F e i £ s -
@ p_pstes | Einal state:  bb+MET S 60 3
1L , B Multijet g B N
5 = a0 -
il : E
» | A0l .) M, >252GeVforp=0 20 :
0 100 200 300 400 [ | 1 i
E; (GeV) 0- R

150 200 250
Sbottom Mass (GeV)
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New Phenomena searches

Events / 40 GeV bin

10

10

10-2 Tt

WW and WZ resonances (CDF, 2.9 fb1)

- -1
CDF run Il Preliminary 2.9fb" . CDF run Il Preliminary 2.9fb™ c SOFTTRrelmnay < hfb
L 600GeV G* s | - ~-Data s | e ~-Data
t: i Et cuts optimized ,

Et cuts optimized 2 1 ,—FJ,?;:,;.?E;'G"ZCZ“- 600GeV Z’ |-—Bkgd 1o % 10 for 400.700GeV W' 600GeV W' |—Bkgd+1c
£~ for 600-700GeV G* o F 7 signal o F W signal
E 2 - W+Jets e = W+Jets
F - - it = L T
I~ [~e=Data ] L mww 2 L
- |—Bkgdls § S
| |CJG* signal o 1= a2 1= -+
= W+Jets e E w g l
E (Wt = =
Cmww i C
s 1QCD L i

Others 4
= 107 10"
0 20 q0 0 S0 00 o0 900 w0 1O e e boo oo 700 oo 1000 107 bl RS AN A (A e 1 K LR
0 100 200 300 400 500 600 700 800 900 1000

WW Invariant Mass (GeV) WW Invariant Mass (GeV) WZ Invariant Mass (GeV)

M(G") > 607 GeV 247>M(Z2)>545 GeV 284>M(W')>515 GeV
(95% CL, k/M,,=0.1) (95% CL) (95% CL)

WZ resonances (D@, 4.1 fb1)

= ~ 350

% - Excluded 95% C.L. region E E [: Excluded 95% C.L. region 7
gn 10 - fszgi:cvlji 25% C.L. limit —é 188>M (Wl)>520 GeV 5_ 3002_ “ E:f;?ftzzsﬁﬁdhm“ _;
= 71 0, < - — p, oW, threshold .
:)D : (95/) CL) 2 250l }ﬂlM E
% | E Qs E
= - =
CEENLT =~ A - 208>M(p;)>408 GeV oFE e
F (95% CL, of B ;
= D@, 4.1 fb'] CE = N
(IR (PR ISP PRI PR IR PR B M(pT)<M(TCT)+M(W)) F e '91/7'“4 D, 4.1 6" ]
200 300 400 500 600 700 800 900 1000 100E .26(.)-1-". L o .4(1)0‘
. W’ mass ((.}eV) - M(PT) ( Ge'V)
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Tevatron perspectives

12

11

10

Integrated luminosity (fb?)

FY11 start

igfest Int. Lum

FY10 start

Lowest Int. Lum

./

5
4
; | |
2 -
/ The green line assumes the same rate for
1 ﬁ , delivered luminosity as in FY09, 50 pbt/week
0 -
> Qo oF L ® P® L ° © o ol o° @ P " A0 A0 AN AN
207 (2% (a0 (20 (2o B2 02° 2 10 0% (2% (207 (20%7 (a@ (AO (20> (10
0’&-\’0 Q’X-OD( g’&-\p Q’L-Qb( Q’L"\' ’5 ’5:&0 QD‘ :&0 QD‘ '@ ‘) Q‘)x 0600‘ 06'& ’l ol -'\’0
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» Tevatron is performing extremely well: ~12 fb! by 2011

» Experiments are collecting and analyzing data smoothly
- Many discoveries and precision measurements
- ~200+ studies in progress publishing 1-2 papers per week

» Some hints of the physics beyond the standard model:
- Like-sign di-p charge asymmetry (needs to be confirmed)

» SM (and beyond) Higgs searches is in a very active stage
- Excluded at 95% CL Higgs with mass 162-166 GeV
- Proceeding to exclude wider mass range or... to discover
the Higgs!

» Currently Tevatron run is expected to proceed at least till
late 2011 and discussion of the extension of the Tevatron
run for another few years is in progress: looking with
excitement forward for continuing exciting physics
results from the Tevatron experiments!
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Backup slides



» Excursions from the SM can be described
via effective Lagrangian:

WWV _ gl w whvY —wHv why ek whw v o .
vy TRaY Vi Ty qq' —W" —SWy: WWy only

qg'—»wW'" —WZ : WWZ only

V_owt wihvHA )
M2 W}\‘HW\} V ] V — Z,’Y (l (., N Z/Jfl ) s ‘-"u‘r‘-".-" . ""'"V )’ . ‘tfr‘irz
W . qq >Z/)/Ia" ’Z)-’ : ZZ)’.Z}’)’

>InsM g, =k, =1, A, =0 qq —ZI1y" -7z |ZZy.ZZZ

Abse:nt in SM

» Anomalous Triple Gauge Couplings (TGC) increase
production cross-sections, particularly at high values

of the boson p; Latest D@ result for TGC:

k =1.0771% gL =1.05+0.06

» W magnetic dipole and quadrupole moments: Y
7\‘ — 0.00+0.05
=5 (@1 +K, +,)
My, Ly = 202735 x (e/2M,)
Oy = — g, =—1.00+0.09% (e/M?))
W
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