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e Accelerators are giant microscopes
to study extremely small objects

Wavelength=h/E, .,

e Accelerators are “converters” of
energy into mass

E=mc2

Objects with masses up to
Mass = 2E,.,,/c? could be created

antiproton beam ‘ proton beam

Ebeam Mass Ebeam

Dmitri Denisov, KEK

Tevatron center of mass energy is 2000 GeV
Protons wavelength is —10-16cm
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I The Standard Model

Fermions

Bosons

Dmitri Denisov, KEK

In late 1970’s the hunt for heavier and heavier
elementary particles continued

— Fixed target E_,,. ~ V2mE : for 100 GeV particle
~5 TeV accelerator is required

Brilliant idea: use existing proton accelerators and
circulate antiprotons in the same beam pipe to
collide

Main challenge was to make enough antiprotons to
have dense particle beams

— SppS and Tevatron were born
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Tevatron: Proton-antiproton Collider

COCKCROFTWALTON

Runl Runlia Runlib

1992-1996 | 2001-2006 | 2006-2011
Bunchesin Turn 6x6 36 x 36 36 x36
Vs (TeV) 1.8 1.96 1.96
Typical L (cm-2s) 1.6 x1030 9 x10% 3 x10%2
[ Ldt (pb-'/week) 3 17 50
Bunch crossing (ns) 3500 396 396
Interactions/crossing 2.5 2.3 8

Runl - Runlla >fRunllb

0.1fb1 ~1fb! \~12fb!

e Chain of six accelerators to get to 1 TeV per beam energy
e Single magnet ring — protons and antiprotons circulate in the opposite directions
e Elaborate source of antiprotons — main driver of the Tevatron luminosity

— Use of electron cooling of antiproton beam
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Peak Luminosity vs Time
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Improvements to antiproton production and cooling increased Tevatron peak luminosity

Very high reliability: ~80%6 of ~24 hours stores were ended by planned termination
Average number of interactions per crossing is —~12 peak and —6 average in 2011
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Tevatron Data Set

w Run Il Integrated Luminosity 9 Port 2002 30 Septomber 2011
12.0
11.0 i {
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9.0
8.0 Sep 30t 2011: 11.9 fb-* delivered
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e Total data set is —5 times above original Tevatron Run Il goal

e Detectors and accelerator components operated well till last store on September 30, 2011
Dmitri Denisov, KEK N




ELEMENTARY

Tevatron Physics Program

Precision tests of the Standard Model

— Weak bosons, top quark, QCD, B-physics...
Search for particles and forces beyond those known
— Higgs, supersymmetry, extra dimensions...

Fundamental Questions

PART IC I,.:E S v Quark sub-structure?

Dmitri Denisov, KEK

v Origin of mass? Higgs?

v’ Matter-antimatter asymmetry?

v What is cosmic dark matter?

SUSY?

v What is space-time structure?

Extra dimensions?...




w The CDF and DZero Collaborations
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Tevatron collaborations are —1000 scientists from 26 countries
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CDF and D@ Detectors ‘
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Muon chambers/scintlllators MNew Solenoid, Tracking System tm

91, SaifiPreshomvears + Iew Electronics, Trigger, DAQ

Silicon Detector
Central Drift Chamber Silicon Detector

Calorimetry 2 T solenoid and central fiber tracker
Extended muon coverage Large coverage muon system

Fast electronics Fast electronics

silicon, central magnetic field, hermetic calorimetry and muon systems

Layout of the hadron collider detectors have been finalized at the Tevatron

Driven by physics goals detectors are rather “similar”:

Dmitri Denisov, KEK 9



Tevatron Results

D@ History of Journal Submissions .
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e Over 1000 publications in referenced journals from CDF and DJ

e From discoveries of the top quark, new mesons and baryons to extremely
precise measurements and searches for new phenomena

e ~100 new results over last year alone — visit CDF and DZero Web pages
— Only few highlights in this talk

Dmitri Denisov, KEK
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Tevatron Cross Sections
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Studies of Quantum Chromo Dynamics — QCD

The most copious physics process at hadron colliders

“Rutherford experiment”

pQCD matrix elements

\

jet

Parton distribution

Hadronization,

functions (PDFs) ehowering
weri

of the hadrons

antiproton

Strong coupling constant o

 PDFs, higher order corrections, o, measurements, production of vector bosons
and jets, direct photons, double parton interactions and many others

e Understand how strong force works and to be able to predict backgrounds for
processes with much lower cross sections

Dmitri Denisov, KEK




Various QCD Measurements

Inclusive Jets W + jets
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Many important results including generators testing
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R3/2 = 0336t / O2jet

Rar = Nies(AR) /7 Njeis(@ll)

e Observable: average number of neighboring
jets in AR (Ay-A¢ space) region less than n
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High b quark cross section at Tevatron
~1O_3 GtOt
~104 b’s per second produced!

Large data samples of particles
with b-quarks provide

e B mesons lifetime studies

» Mass spectroscopy (B, etc.)
e Studies of B, oscillations

e CP violation studies

e Search for new b hadrons

e Search for rear decays

Dmitri Denisov, KEK
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Discoveries of b-Baryons

All b quark containing species are P  (a) DO, 1.3 fb"!
produced: B%, BY B, B, A, ...and ol
many new heavy baryons! : _ Data
----- Fit

[=1]
L |

Events/(0.05 GeV)

T b T T

First baryon with
quarks from
all three generations
observed!

Ly

5.5
M=) [Gev]

J=3/2 b Baryons !}

2b

1b

New states
discovered

at Tevatron! A

0b
All observed

Until Tevatron, grc;und state A, was
the only directly observed b baryon Ag = |bud) LEP, D@, CDF

Dmitri Denisov, KEK
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D@ di-muon Charge Asymmetry

X‘l“.~ 0 ; E() __.,X ‘|-‘_ ' v P
e B B g ~_©/ ~_®/

,,L_/ p"

Direct semileptonic Neutral B meson oscillation \/ \/
decay and then semileptonic decay
Swapping Magnet Polarity
——
e Di-muon charge asymmetry Y 0.02
++ ——
AEI — Nb — Nb
++ ——
N, + N,

for events coming from decays of mesons ol i SM I
containing b quarks undergoing mixing

e Standard Model predicts this asymmetry to
be very small « Standard Model

b 05 —4
Asl = (_2-3t0.6)>< 10 -0.02 | [_| B Factory W.A.

- Any substantial deviation of this asymmetry - D@ B—ub X
from zero will be indication of new source Il DY A
of CP violation _ o DOA595% CL.

e Measured value is 3.9¢ from prediction -0.04 |

DG, 9.0 b’
/ b — . 0 ks i M
a
Dmitri Denisov, KEK 17



Decay channel for B.': | -
B—ptvD X ]
D,— on” e |
¢ — KK~ 7
ag; = [—1.08 £ 0.72 (stat) £ 0.17 (syst)] % 5
oo [ ]oos; o
Decay channels for BY: B2 oo g o
AS(IP_ )68% CL
1) BO—>],1+VD_X 004 AL{IP_ )68% C.L. \ _
D— s K+TC_TC_ - - Combination E# :-3 ! |
* Standard Model o | [t
ol = [0.68 £ 0.45 (stat.) = 0.14 (syst.)] % om0
sl

e Combined D@ result
— Deviation is ~2.9 o from the SM E
- Reasons LHCD - a’, =(-024+£0.54+0.33)%
— New physics?
— Un-known systematic?

. d
— Di-muon asymmetry is not related B-Factories : a, — (—0.05 + 0.56)%
to B mesons oscillations?

Dmitri Denisov, KEK 18



Electroweak: W Boson Mass Measurement

Single and pair W/Z production, asymmetries, weak mixing angle...

e ~(a) DO, 4.3 fb™ — Data
o~ - x</dof = 153.3/160
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70 75 80 85 90 95 100 105 110
m,. (GeV)
E 48000 “(a) DO, 4.3 fb™ —Data_
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$ 20000 f \ - Neutrino
i - X
10000} |‘ Kl\'
ST LA T A YTV O AL T ST LR
_gJﬁ%ﬂ_1_iﬂfii__{ﬁ%_fﬂffﬁf*ﬂﬂ-ﬁ}ﬁt___*ﬂ?_f*._ﬁ_..i__fﬁﬁ_fﬁﬂﬂﬂﬂﬂf_ihfﬁf_'_ M. — 80375 23MeV
50 60 70 80 90 100 w ’
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e W boson mass is measured using decay products: electron and neutrino

e D@ : calibration of energy scale is performed using Z boson mass
Dmitri Denisov, KEK 19




World Average W boson Mass

CDF Il preliminary

-0.001

A p/p
T

[ Ldt=2210"

0.0015~

—o— Jhp-uu data (stat. only)

—— Y-y data (stat. only)

0.2 04 0.6
<thp’> (GeV)

CDF: tracker based lepton
momentum measurement

M,, = 80,387 19 MeV
0.03%06 accuracy

Mass of the W Boson
Measurement : M, [MeV]
CDF-0/l ® 80432+ 79
D —e 80478 + 83
DI 1o —— 80402 + 43
CDF-Il eot) - 80387 + 19
D@1l 43t) '—.-'- 80369 + 26
Tevatron Run-0/l/l| '-Q- 80387+ 16
LEP-2 + 80376 + 33
World Average -.- 80385+ 15
. o _
80200 80400 80600
Mw [MEV] March 2012

Dmitri Denisov, KEK

W mass world average is now
80,385 15 MeV (0.02%0)
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Top Quark Studies

Heaviest known elementary particle: 85 % 15 9%
~173 GeV
L t g t
—~>Measure properties of the least known
quark
* mass, charge, decay modes, etc.
» data sets of 1000’s of top quarks exist 2 .
L ‘' Jlg t
- Short life time: probe bare quark
- . * ¥
Discovery in 1995 Today '\/’a*
I lrcvents| np ~10,000 events .
ereco &,
Eﬁﬁ— COF Run l Prelminary(4815) t
r = Dla
§ | 3
QM- Dbxgdumpzsng:m.sswfc? x/ € LW < Poa
Fitted Mass  (GeV/c?) =T
[ — [ .tkgd y v,a
19 events CDF 5150_— _
L 1 £ [+4 jets
§ a| i ot 21 b-tag
Z of - sm
Bl . 50 New Physics ?
80 120 160 200 240 280 -
Reconstructed Mass  (GeV/c?) o _
1995, CDF and D@ ?Uﬂ L | |
experiments, Fermilab Mass ({ie".‘fc’)

Dmitri Denisov, KEK
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Discovery of the Top Quark

CAL+TH? R-5 VIEW 71-237F-195% (944 |]i‘1|_|1 587198 Bvent 417|10-J8a-1933 7:41
Hex ET= I0.% &=V
CEPH PT SOM= 215.5 G=W
muon NTX in 2= -1.8 |=m) / Bosi<e<ia
t 1(b ' 0B L5
Jetl(b) g D | 0
Vu Nis=Ecia
+ neutrino
W ™ _J2ncec1s
I f25<E
—, -
] -
antiproton beam proton heam TR T O
’ . b stk e o
’ :

neutrino

2 -
9 electron Jet 2 (b)

“a few” candidates only required for the discovery

Due to relatively low backgrounds (high top quark mass, pair production)

Dmitri Denisov, KEK
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Top Quark Mass Measurement

e Top quark mass is measured using decay products in many different channels
e Lepton+jets channel with two jets coming from W boson is the most precise

Lepton+jets Runll CDF HeH 173.00 £ 065 * 1.06 GeV
Lepton+jets Runll D@ HeH 17494 £ 0.83 £ 1.24 GeV
Lepton+jets Runl CDF H+ o o | 176.1 £ 51 %53 GeV
Lepton+jets Runl| D@ —H—e— 1801 %= 36 % 3.9 GeV
Alljets Run Il CDF H-oH 17247 = 143 £ 1.40 GeV
Alljets Run!| CDF Lo o H—= 1860 100 %57 GeV
Dileptons Run |l CDF = - 17028 £ 1.95 £ 3.13 GeV
Dileptons  Runll D@ hjo—H 17400 + 236 + 1.44 GeV
Dileptons  Runl CDF +H o = 167.4 %103 * 49 GeV
Dileptons Runl D@ H o H 1684 £123 % 36 GeV
Ertjets Run |l CDF —o-H 17232 £ 1.80 £ 1.82 GeV
Decay length Run 1l CDF H & | 166.90 + 9.00 £ 2.82 GeV
Tevatron Combination 2012 hiell 173.18 £ 0.56 £ 0.75 GeV
A I dof=8.3/11
160 170 180 190
Mass of the Top Quark [GeV]

D@ and CDF combined top mass result
m,= 173.21£0.9 GeV
0.5%06 accuracy

Best (of any) quark mass measurement!
Dmitri Denisov, KEK 23




w Anomaly in Top Quark Studies

Tevatron
; _N(Ay>0)-N(Ay<0) :

AII_
P N(Ay>0)+N(Ay<0) /’n

e In Standard Model, there is no asymmetry in
leading order, but next to leading order
predicts asymmetry b

— Positive asymmetry from box diagrams
— Negative asymmetry from ISR and FSR
e Forward backward asymmetry

— Enhanced in some beyond standard
models scenarious

BACKWARD FORWARD

Tevatron LHC
;7 NAy>0)-N(4ay<0) | | _N(Alyl>0)=N(Alyl<0)
TETN(Ay>0)+N(Ay<0) | |7 N(Aly[=0)+ N (A]y]<0)
Tevatrond top =L EE P t
anti-top Y73 mE —P. | e a?n':i-top
Y=Y, Y, vl= 1y - Iy,
- -
n n
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w Top Quark Forward-Backward Asymmetry s
e CDF I+jets (8.7 fb1) L A
Arg = (16.2+4.7) % R T
Theory prediction: 6.6 % “F —+=
~2 o deviation from NLO is —— L
Slope of A-s(My) ol 1
(15.6 £ 5.0) <104 =
T T T Ceanen Levelay
e D@ results (5.4 fb1) e oo
l+jets : A = 15.2+4.0 % T it e
dileptons : A, =5.8+5.1 +1.3% o T
(stat.) (syst.) oaf R
Combined result : 11.8 + 3.2 % = ]
SM prediction : 4.7 % e e O
~2 ¢ deviation from NLO 15 DB Lbam"  —pam ]
[ M j
e Options % 100} + Il Background
e Statistics? I -
e Not accurate enough QCD predictions? 50:
e New Physics? o o, .
A
Dmitri Denisov, KEK 25




Main Top Quark Properties Measured at the Tevatron

e Top quark mass: m, = 173.2+0.9 GeV (0.5%0 accuracy)
e Are top and antitop masses the same? Test of CPT

Am=0.8*x 1.9 GeV (equal to 1%0)
e Top quark lifetime

[(—1.99(+0.69/-0.55) GeV agrees with SM
e Topcharge |q]=2/3e to 95% C.L.
e W helicity in top decay expect 70% longitudinal, 30%0 left-handed

SM looks good
e Asymmetry of top quark in p vs pbar direction expected to be a few %

Anomalous asymmetry of ~15%b - requires theory improvements?
e Correlations of spins of top and anti-top are consistent with SM
e No flavor changing neutral currents

<2x10“ (t— gu); <4x1073 (t — gc)
e No evidence for SUSY H* in top decays
e Anomalous top vector/tensor couplings?
Combination of W helicity & single top is in good agreement with SM V-A

e 4t generation t'? None below —450 GeV
e ttresonances? None below —800 GeV
e IsW in t decay color singlet? Singlet preferred
» Electroweak single top quark production observed: |V,,] = 0.77 @ 95% C.L.

Very well know guark by now!
Dmitri Denisov, KEK y 9 y 26




s

P x Higgs Searches — Indirect Limits

Indirect experimental limits

- Precision theory fits including W boson
mass and top quark mass 5 aeh a2 m,y, = 152 GeV
H _
t . (5]
W - w W w 5 _ Jlilll"::('I'lzl.\:I =
UL VUM FOR, VU, VOO — 0.02750+0.00033
b == 0.0274910.00010
4 4 == incl. low Q° data
NH 3
<
2 -
1 -
|LEP LHC
0 excluded - ¢ excluded
40 100 200
m,, [GeV]
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Higgs Searches Status: ~1.5 Years Ago

e Higgs masses 158-173 GeV are excluded by the Tevatron
e Precision measurements point to Higgs masses below —150 GeV
e LEP results indicate Higgs mass is above ~114 GeV

N\\‘ 22 = T _|l T T I_| L  E— I T T T T I T T T T :_,_:.
= . o o | March 2011 [ fitter|-.): 3
20 = -0 v : . . b
- 4 = Tevatron Direct Limits a
18 [ s - + Indirect Constrains —
- i S | =
16 st g | — 4o
14 & I —
12 N —]
10 | =
N - - - - - -~ - - - - of- - - 130
8 & : =
6 S =
a = : y /7 Theory uncertainty - 5
. / —— Fitincluding theory errors 1 "
2 = : ---- Fit excluding theory errors —
0 =y | i ' i 1 | L 1 1 1 | ] 2 1 [ — L
100 150 200 250 300
M, [GeV]

e Higgs mass was limited to 114 to 137 GeV window at 95%b CL
e Most probable value was... 125 GeV

Dmitri Denisov, KEK 28



Higgs Production and Decays at the Tevatron

T - T

Q10 —
. Production
je; 99—H
9
2 M
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— - n
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&

o

>

(o
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my (GeV/c?)

Branching ratio

1

0.1

10 2}

120 140 160 180
m (GeV/c?)

Production cross sections

- in the 1 pb range for gg > H

- in the 0.1 pb range for associated
vector boson production

Decays
- bb for M, < 135 GeV
2> WW for M, > 135 GeV

Search strategy:

M, <135 GeV associated production and bb decay W(Z2)H = Iv(ll/vv) bb
Main backgrounds: top, Wbb, Zbb

M, >135 GeV gg = H production with decay to WW
Main background: electroweak WW production

Dmitri Denisov, KEK
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DO Experimental Challenges

e Probability of producing Higgs is low e Backgrounds from Standard Model
N L x processes are high
= o)

— Only one out of ~10%2 collisions
might contain Higgs

e Separation of backgrounds is one of the
main challenges in hunt for the Higgs

events

e High luminosity is important!

E 1 U T - T ' : " proton - (anti)proton cross sections
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Number of Higgs Events

Events produced at Tevatron in m

o —— R P P T ——

~6 months of data
Double including DO

Events

3
i
:
3
2
:
i
5
B

60
50
40
30
20
10

0

110 120 130 140 150 160 170 180
Higgs mass (GeV)

e Number of Higgs events available to CDF+D@ with the full Tevatron
Run Il data set of 10 fbtat 125 GeV is —103

e Reconstruction/selection efficiencies
— —~10% in H-»bb channels and —25%0 in H>WW channels
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DU Higgs search: H > WW > Ivlv (M,, >130 GeV)

CDF Run Il Preliminary JL =97’
n F .
dam:USUJHS 2 lmm
>~ [M, =160 GeVic Wi
g C Wz
00— zz
g C ) oY
= W
w 250 O Jet —g;vaﬂxm
200
150
100
50
o_l
0
AR(ll)

Search strategy:

- 2 high P, leptons and missing E,
-2 WW pair comes from spin O Higgs:
leptons prefer to point in the same

direction

W+jets
Wy

wZz

Y4

DY
CJww
— HWW x 10
-o- Data

Dmitri Denisov, KEK
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Final Selection Discriminants

Multivariate Analyses (neural networks, boosted decision trees, etc.)
are used to provide a gain sensitivity beyond that obtained from
optimized, cut-based analysis

Multijet

(9V)

Q D

% «Q

S 102 T SN L R L
Q Q § : D@ Preliminary 3| dta
o a L=971b"
t I .

:CS E L DZﬂels

% 10; ; DDibcson
Event il IW+iets
Kinematics 0

ttbar

L]
—% MVA (NN, BDT... g
Discriminant [

Training < correlate multiple b
input variables

— Sig Tot

M, = 165 GeV

02 04 05 08 1
Final Discriminant

Even for a single channel reach S/B —1 in high discriminant region!
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CDF/D0O H>WW-=Ivlv Limits

COF Aun 1 Preliminary [Leoms 3 | DOPreliminary, L <O7fb! == Otsenes
‘ e ~int .
e FighMass Exectd o+ SMH-WW Combination === Expected wio Figgs
j DHighMass+ “ g B * Expected£1s.d.
.t:;::DHighMasmc E 10 Expected 2 5.d.
D% ........ = High Mass Cheerved j
! -
~ 10}
i O
e e 2
...... 0
2 3
LH
2 0
1— B
:. S:landard Model _| clov e b b bvvn b b o b Lo
- 2
Higgs Mass (GeV) June 2012 Higgs Boson Mass (GeV/c)

Limits are presented as ration to Standard Model predictions

Both experiments exclude Standard Model Higgs boson around 165 GeV
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H—-W*W-Tevatron Combination

Tevatron Run Il Preliminary H=WW, L < 10.0 fb™

L I ] T 1 T | T [ 1 1 T L I 1 T T T | 1 1 T T I 1 T T Ll

—  Observed

95% CL Limit/SM
o

June 2012

110 120 130 140 150 160 170 180 190 200
m,, (GeV/c?)

Exclude 147 < Mn < 180 GeV at 95%0 CL
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165 GeV Mass - Number of Events

Tevatron Run Il Preliminary, L < 10.0 fo”
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Events in all channels are sorted based on signal/background ratio

No excess observed

Dmitri Denisov, KEK
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e Main discriminant is di-jet mass
from b-quarks pair

e Elaborate b-tagging of jets

e Multivariate analyses help to
extract full information about
event kinematic

Low Mass Higgs Channels

V(—lv)+2 jets, 2 b-tags

900
>
2800
2700
N
7600
[//]
2500
400
300
200

100

DG Runll, Preliminary
L =7.5'tb

int

-+ Data

Il Multijet
V+If
V+hf
Top

mvv

[JVH (x50)

200 250 300
Di-jet mass, GeV/c?

Jet

Displaced tracks

Decay lifetime (™
y Lxy | /fakecondary vertex

Primary vertex @

9

dd
Prompt tracks

Dmitri Denisov, KEK
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ZHOlbb  [Ldt=9.7fbt
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All channels are consistent and demonstrate sensitivity to the Higgs

Dmitri Denisov, KEK
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b x Results from CDF
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Pattern of an excess is starting to appear...
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Cross Check on Di-boson Processes

Benchmark for H2>bb searches using well known process

WZ, ZZ with W or Z decaying to leptons and Z decaying to heavy flavor jets
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o
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Events / (20 GeV/c?)
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—s— Data - Bkgd
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L 1ZZ

Higgs Signal
m, =125 GeV/c?
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Apply exactly the same selections and multivariate analysis as for WH/ZH searches

CDF+D@ combination cross-section:
Standard Model prediction: 4.4 +/- 0.3 pb
4.5 o significance

3.9 +/- 0.9 pb

Dmitri Denisov, KEK
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CDF and D@ Higgs Search Results

CDF and D@ combinations of all Higgs search channels:
H—-WW, H—bb, H—yy + other modes

CDF Run Il Preliminary, L < 10 fb s
= AR T o [ D@Preliminary, L <9.7 fo! i Observed
2] | CDF , o === Expected w/o Hi
= o Expeeted Exclusion | 5 SM Higgs Combination pecied Wi Tigs
g10 10 Ex c 10 |:| Expected =1 5.d.
= 1 Expecied o C
- £20 Expected = B L | Expected =2 5.d.
O E 1
52 . L
b o
O
XL -
Eﬂ .-F‘-.-- .-""-...
m u® -I..
1 1 e .
" i L
[ < LEP Exclusion v
- D@ Exclusion
- T

February 27, 212 IIII|IIII|.IIIJ|IIJI|IJII|IIII.|IIII|II.II|I.IIIJIIIJ

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

m,, (GeV/c®) || une2012 Higgs Boson Mass (GeV/c?)
Remarkably similar shapes: no excess below ~110 GeV
broad excess around —120-140 GeV
exclusion around ~165 GeV
41
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a

June 2012 Tevatron Combination

Tevatron Run Il Preliminary, L <10.0 fb™!
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Significant excess: at 120-135 GeV
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Excess Shape Comparable with Higgs — Yes!

Real Data Analysis Signal Injection Study
o —
= 01 Tevatron Runll Preliminary WLR, H1sd| = %0 Tovatron Runll Preliminary BLLR, +1sd
T f | ) LR, 22sd| & ,.F S [JLLR, #25d
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ﬂ : 1, ﬂ .
EE - ---LLH,“: _E 0
! £ 20
J E
2 10 o
ki g%
0f 0F
A0F e L
: . 20 Teaet
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June 2012 Higgs Boson Mass (GeV/c?) June 2012 Higgs Boson Mass (GeV/c?)

Injection of Standard Model Higgs signal at 125 GeV provides very similar

to the observed behavior
“background like” shape above —~140 GeV
“signal like” shape in 115-140 GeV region

Dmitri Denisov, KEK
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Probability of Background to Mimic Signal .

- 1-CL, Observed
«wuee 1-CL, Expected

L<10.0 fb™ [ Expected +1 s.d.
[ ] Expected+2 s.d.

Tevatron Runll Preliminary
10

Background p-value

June 2012 Higgs Boson Mass (GeV/c?)

3.0c local excess at 120 GeV
2.50 global excess taking into account “look elsewhere effect”
as we perform studies at many data points

Dmitri Denisov, KEK 44



Tevatron H—bb Combination

Tevatron Run Il, SMH—bb, L_<9.7f"

— Dbséwed ----- Exlpectedlfur mH|=1 25 Gle\ff'cz
----- Expected w/o Higgs

+1 s.d.

+2 s.d.

RQE

95%0 CL Upper Limits/SM

S TN T T T N T T N T T [N T T A T T T AT T A M RO
100 105 110 115 120 125 130 135 140 145 150
m,, (GeV/c?)

July 2012

Broad excess, maximum between 120 and 140 GeV

Width consistent with di-jet mass resolution

Dmitri Denisov, KEK
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w H—Dbb, Probability of Background to Mimic Signal .
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Dmitri Denisov, KEK
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Events Count for 125 GeV Higgs Search

Events
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Clear excess in the high Signal/Background region

Dmitri Denisov, KEK
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Best Fit Cross Sections 0

— > 0.7

Tevatron Run Il Preliminary = [ Tevatron Run Il Preliminary L <10.0b™

- L <10.0 fb™ S [H-obb my = 125 GeV/c?
o 0.6

5 b i — Maximum
m,, = 125 GeV/c = B
9 0.5 - 68th Percentile
L . o B B
H—- W'W . Combined (68%) S I 95th Percentile
- Single Channel 0.4 || Full Distribution
H- vy - | )
0.3
Hos bb [ 02t
0.1
| | | | | ‘/
0 3 4 5 6 7 00 L. Ll
Best Fit 6/c 3 4 5
June 2012 M June 2012 6/Ggy
e Using data we extract o x Br for H 2 bb, H 2> WW and H - yy values
normalized by the Standard Model predictions
e All data are compatible with predictions for the Standard Model Higgs boson
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@ Evidence for the Higgs Boson with Full Tevatron Data Set

95% CL Limit/SM
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» Tevatron Higgs search data are incompatible with background only hypothesis
* For Higgs to bb channel p-value is 3.1c

» Tevatron data are compatible with Standard Model Higgs boson production in the
mass range
* 115 GeV < M,; < 135 GeV in all studied channels including H & bb, H > WW and H - vy
(ownm +0zm) < B(H — bb) = U.QSig:gg (stat + syst) pb
* Based on Tevatron results, including precision W boson and top quark mass

measurements, new particle has properties predicted for the Higgs in the
Standard Model and couples to fermions

» All of the above is interpreted as
- Evidence for the Higgs boson production at the Tevatron




Current Status of Higgs “Searches”

e LHC provides large samples of Higgs bosons (x100 Tevatron cross section)

— Rare and clean decay modes, like yy can be used for searches — discovery this summer!

e Tevatron, due to proton-antiproton collisions, provides unique opportunity to study most
probable at 125 GeV decay mode: pair of b quarks and indicate coupling to fermions
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June 2012
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Careful analysis of all available data, including cross sections at vastly different

collision energies, demonstrates good agreement between properties of the
observed particle and predicted in the Standard Model Higgs boson

Dmitri Denisov, KEK
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¥ Self-consistency of the Standard Model

M,, (GeV)

March 2012
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of —125 GeV are in perfect agreement

Precision measurements of Standard Model parameters and Higgs mass

Dmitri Denisov, KEK
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DD Looking Ahead - Higgs

e Tevatron
e Improved analysis will gain another ~10%6 in sensitivity
e HCP, Kyoto next week

e Using mass constrain of 125 GeV will improve measurements of
branching fraction to a pair of b-quarks

e Measurement of Higgs couplings

e LHC

e More data coming: —30 fb-1 by later this year before —2 years
shutdown

e Sensitivity over 3 o for majority decay modes, including fermions
e Measurement of Higgs spin using large data sets
e Measurement of Higgs couplings

e Higgs factory
e As Higgs mass is relatively low
e Medium energy lepton collider will suffice
e High luminosity is required for reasonable number of Higgs bosons
e Exciting option widely discussed

Dmitri Denisov, KEK
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Tevatron Highlights Summary

N
-

i T e | Do S B _
Tevatron experiments published over 1000 fundamental results

 From the discovery of the top quark to the evidence of the Higgs boson
production and decay to fermions

Many extremely precise measurements of the Standard Model parameters

100’s of searches for physics beyond Standard Model with two “clouds” remaining
e Top quark forward-backward asymmetry

* Anomalous di-muon asymmetry

10 fb-* unique proton-antiproton collisions 1.96 TeV data set is accumulated
Tevatron collaborations will publish —~150 papers in 2012 and 2013

Large number of analyses in all physics areas continue including

* Unique for proton-antiproton collider measurements
» Top quark mass to —~0.6 GeV accuracy and W boson mass to —~10 MeV accuracy
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Thank you for the |nV|tat|on to visit KEK

and present an exciting summary of recent
Tevatron results!
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Cross Section * BR Measurement
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Higgs to yy
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Best Fit Cross Sections
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Full Combination Events Count
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H to bb Combination Events Count
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