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How Does the
Mind Work ?

Can Robots
Be Intelligent ?

Is There Life
In Outer Space?

How Much Do We
Change the Climate?



The Big Questions

Can we combine QM and G. Relativity?

Dark energy?
Cosmological constant?

Unification of forces?

Arrow of time

Correct interpretation
Dark matter? of QM?

Where 1s antimatter?

Black hole information
paradox?

Why three generations of

matter?

Extra dimensions?

Magnetic monopoles?

Inflation?

Are there many universes?

Mechanism of symmetry
breaking, Higgs, origin of mass,
mecanism for meutrino masses?

End of universe?

Locality in QM (Quantum
entanglement)?
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Clues from P-P(Pbar) Collisions?

Unification of forces? : Higgs : .
Arrow of time Correct interpretation

jet4  jetd of QM?

Dark matter?

Why three generations of
matter?

Where 1s antimatter?

Mechanism of symmetry
breaking, origin of mass

Can we combine QM
and G. Relativity?

Extra dimensions?

B Physics
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The Tevatron

25years ago, first Tevatron collisions in 1985
Expected Tevatron luminosity ~3x103° ¢cm-2s!
Now running at 3x10%2 cm2s! routinely !

...and this is not the only time when a Tevatron team exceeded
its own expectations and projections : % &Recycler =

—E
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For 25 years, the Tevatron has been the only machine at the

frontier... and we have learned much.
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CDF and DO Detectors
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Production of Fundamental Particles

Cross section:
Total inelastic cross section 1s huge
~60 trillion events in 1 fb!

~ 2 MHz interaction rate

Translate it into rates

bb: 42 kHz

Jets with ET>40 GeV: 300 Hz

W: 3 Hz
Top: 2-3 eventst /hour

Trigger needs to select the interesting

Total cross section

pu—)

10

Total inelastic
Tevatron
-mb
bb
-1tb
W
b 7

tt

:m\

Higgs (ZH + WH)

120

140

Events
in 1fb™!

1x10"

160 180 200

Higgs mass (GeV)/c?

The key is trigger — that is rejecting as much as we can while

keeping as many interesting events as possible on tape



Tevatron’s Research Program

Complemen

Single top production ttbar spin corelations

EW processes and couplings
High XT gluons

ttbar FB asymmetry
W asymmetry

Hints&
Excesses

t’, Z’ searches

Top quark mass

Ttbar FB asymmetry

CP violation in Bs Top quark properties

W mass
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Outline of This Talk

Complemen

Single top production ttbar spin corelations

ttbar FB asymmetry

Hints&
Excesses

t’, Z’ searches

Top quark mass

ttbar FB asymmetry
Top quark properties
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Why Look at The Top Quark?

. PRL 74, 2632 (1995) ..
®* Was discovered at Fermilab in1995 discovery| = 7 azs {3 precision
6 .
17 events Do today § [ TopQuakiias Thoenany
. o és'_ A Combined DO measuremen t
* The heaviest known fundamental  £. F\\ e
. 4 rojected future uncertainty range
particle g ~1000events ;. Tevatron
- - : 3
- m=173.3 £1.1 GeV (<1% i o Mo ; |
preClSlon) } E: 5%‘-- §2 ....................... Tues
100 200 e meSM eSO @ oA
Close to a gold atom R n- 3 e
T - 5)(10-25 S <<AQCD_1 ~ 419 RENaLS CDF _ mg |+4jets M Imogn:ndLumlno:Ity(fb'{o
. . %: % 2 1 b-tag 0
Decays before hadronization 2 p % @
g 2} Mass (GeV/c' searches Q
A
* Mass close to scale of electroweak = | {[|[| "= —%—
symmetry breaking " Roomncian GV
- - 09 Q.
— Only quark for which coupling ggj;ifn':f‘;"gggm | - TN
to Higgs is significant ol B>
— May shed light on EWSB el
mechanism .| @
* Top quark plays special role in )
many of the new physics models T ™
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Why we Love to Talk about Top?

Top Mass W helicity .
. Anomalous couplings
Width . .
Charee CP violation
Sping FCNC
Vil
l+
b v
Production Cross- W
section
Resonant We f t
production g b
¢
Charge asymmetr
§easy y Branching
Ratios
Rare/non
SM decays
Shabnam Jabeen (Brown University, USA) 2" |CPP, Istanbul, 2011 11



Top Things I will Talk About Today

— New physics in properties

« Cross section y t s
* Mass \\ ; ) oy

* Width

* Spin

* Forward backward asymmetry W+

— New physics in couplings

* Wtb couplings t &

e W helicity b
— New Physics in the form of new particles

* ttbar resonances

« 4t generation? (looking for t”)

e Color flow

Shabnam Jabeen (Brown University, USA) 2" |CPP, Istanbul, 2011 12



Top Pair Cross Section
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Top Quark Mass

... avery long tale

240 ——

i Indirect bounds
200 -

S 160 Ht T

o) L

S I

2 120 [ World average
= [

S

: C. Quigg

l@iﬁiﬂi fl Bl i g Jf

2005
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Top Mass Distribution C@
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Top Quark Mass

®* Top quark mass is measured directly in different
channels using a variety of techniques by both CDF

and DO

* Both experiments are in agreement

CDF Top Quark Mass (*Preliminary)

CDF-1 di-1 -
(Run 1) 167410349
——— ) ——t
CDF-Il di—I*
(4.8 pb™) 1706+x22+31
.—.—.—.—.
CDF-I 1+ ) )
Run 1 1761+ 51+ 53
-
CDF-Il 1+
(5.6 pb™) 173006+ 1.1
CDF-I all+j )
(Run I) 186.0x100x£57
———t
CDF-II all-j* )
(5.8 pb™) 17251415
—
CDF-Il trk ,
(1.9 pb™) 17076326
- -
CDF-Il MET+Jets™ .
(5.7 pb™) 1723x18x18
CDF March'11 -
arch 1’
- 17270609
S (stat) + (syst.)
y2/dof = 3.4/7 (85%)
I I I I | |
150 160 170 180 190 200

m,,, (GeVi/c?)

Shabnam Jabeen (Brown University, USA)

Total Top Quark Mass Uncertainty (GeV/c?)

DO

May 2011
Run| dileptons 0.1 K @ H 168.4 +12.3 +36 GeV
+12.8 GeV
Run| lepton+jets 0.1 H—@— 180.1 :36 +3.9 GeV
+5.3 GeV
Run Il dileptons 5.4 b H-@&H 174.0 :1.8 24 GeV
+3.1 GeV
Run Il lepton+jets 3.6 b HoH 1749 :08 1.2 GeV
+1.5GeV
D@ combination (may 2011) HeH 175.08 +0.77 £1.25 GeV
£1.47 GeV
World average (July 2010) HoH 173.32 £0.56 £0.89 GeV
+1.06 GeV
Run Il ofl+jets) 5.3 —e— 167.5 +54-49GeV
(not in the combinations)
L L L l . l .
160 170 180

Top Quark Mass [GeV]

Top Quark Mass Uncertainty
I+jets D@ measurement
4 Combined D@ measurement

4 Tevatron combination

3i Measured top mass
[ =173.3+1.1 GeV

1 10
Integrated Luminosity (fb™)

We have long exceeded the Tevatron goal of 0M=2 GeV

2nd |CPP, Istanbul, 2011 15



Top Quark Mass

1.06 T T T T
...but we are not done yet E
Lot of work on reduction of sytematic uncertainties for 1.04}
final legacy measurement 1.03;
1.02F - A
D0 Matrix Element in {+jets (3.6 fb-1) 101 N
: : : 1F
* Detailed study of b/light jet response I _
* Used Y+jets Data/MC corrections 09870 172 174 176 178 180 182
m, GeV
0.9% relative uncertainty COF Run Il Prefiminary (5.8 1)
gzzo E P 1-tag events
R . 3200 rL + —— Data
CDF templates in all hadronic (5.8 tb-1) gt J[HJ[ Fitted @
. g 19 Fitted Bkg
* Derive background from data G vap ’r]l +++ e
* Cut on NN discriminant to separate QCD e dl
.2 . GOE— + ++.|.
® chi- fit with my, and m, templates £ ] f
205_ t H-+-}:l-
. . B S I R BRI S
1.2% relative uncertainty o R cevidy

Shabnam Jabeen (Brown University, USA) 2" |CPP, Istanbul, 2011 16



But Which Mass do we Measure?

Pole Mass e

With Tevatron 10 fb1:

{ —LEP2 and Tevatron (prel.)
- LEP1 and SLD

W mass uncertainty = 15 MeV
Top mass uncertainty =1 GeV

World average

. Interpreted as

MS mass

" 200

The top mass depends on My, through loop diagrams (M, ~ logMy,).

Shabnam Jabeen (Brown University, USA) 2" |CPP, Istanbul, 2011 17



Top Quark Mass from Cross Section

Compare the experimental value for cross-section as function of top mass with

theoretical calculations in pole and MS-bar schemes

Extract the most probable top quark mass values in pole and MS-bar schemes and

correspondmg 68% CL bands

DO, L=5.3 fb "’

T
Ill'l L |I

..
.
ey o

10}
8-
6 NG,
| =—e— Measured o(pp—> tT+X)
. —— Exp. mass dependence of ¢
4}— —— approx NNLO Kidonakis
| —— approx NNLO Moch and Uwer
B NLO+NNLL Ahrens et al.
2lllIIIIIIIIIIIIIllIlIIII

150 160 _ 170 _ 180 _ 190
Top Quark Pole Mass (GeV)

Theoretical

NNLO approx Moch and Uwer = Calculation

NLO+NNLL Ahrens et al.
NLO+NNLL

Approx. NNLO

Shabnam Jabeen (Brown University, USA)

Pole mass
163.0+5.4 -4.9
167.5+5.4-4.9

—
e
Q.

b-—-

14

12

10

| I:'I T | A I“_l,-t

.

DO, L=5.3 fb '

------
.............

......

----------

—e— Measured c(pp— tt+X) R
Exp. mass dependence of ¢

—— approx NNLO Moch and Uweér R
NLO+NNLL Ahrens et al.

150 160 170 180 190
Top Quark MS Mass (GeV)

Measured Mass

MS-bar mass
154.4+5.2-4.5
159.9+5.1-4.4

mass = 173.3£1.1 GeV

2" |CPP, Istanbul, 2011

Directly measured top quark

18



Top and Antitop Mass difference

Template method

Compare 2D distribution (Am,,.,, Am,. ;)
in data with MC

1-tag positive lepton

Probe CPT

@ 0.09~

E o.osz_ — M, =10 (GeVic)
s 0.07- oty
0.06F
) @ Extension of mass analysis with insitu poe e
O =
JES calibration - mt, JES — mt, mt o020
0.01;
A __I_I.I.|.I.I.I.I.|.l_l _I.I_l_l-_.i_ (1\: = E
2., (@) ~ DO3.6fb S
18070 0l e+jets A tagaed
m agge
\.:_' Lo R 1 % 200 rece csngunu Preliminary (5.6 fb") - A Myeco tagged _
..... \/ o D..;.;\,\. . . . . . ;180 —e— Data gzw CDFRunIIP;IImInary(S.Mb)
n.p A oSN = - - - - (0] “’180_ —e— Data
175_ .I/u EDD D‘E .,\ ..... i Z:z DsigAMw=OUGeV!2 §1so;— + DsigAM‘@=-40GeV"2
e nan i - .-
. . . a'g Qo- - - - - 5 100 £ 100°
TR = G Y AN o “
170- N TR0 o o
B & § o 3 '\‘H.V" ------- b 20 20§
E ¢ 2= im0 smE EBiIE P oEE 1 50 -0 s 0 = 100 150 f50 00 50 o0 & 100  J50
A Myeeo (GeViET) A My, (GeViET)

70 175 180

m, (GeV) AMtop = -3.3+ 1.4+1.0 (stat+sysy)GeV
AMtOp =0.8+1.8+0.5 (stat+syst) GeV
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Top Quark Width

SM predicts ~1.5 GeV (Mt =175 GeV) — Lepton+Jets with 4.3fb"!

Arb units

CDF Template based top width measurement 008 — T, =15V
limit placed on top width 006 —T,,=100GeV

0.4 GeV < Ft0p< 4.4 GeV @ 68% CL :
Ft0p< 7.5 GeV @ 95% CL oo
@@ =750 200 2% n?i.ég"(eewcg)w
Use t-channel single top quark o(t-channel) = 2.14 + 0.18 pb r(t-Wb) = 1.26 GeV
NLO, m = 170 GeV - NLO, m = 170 GeV

production and top decay

p
branching ratio measurements % W qﬁ
o(t—channel) B(t — Wb) = 3.14103 pb a N
( ) B( ) -0.80 P ) ’ - Tt — Wb)/ 2N
o

~ B(t — Wb) <=—— tt production

B(t — Wb) = 0.96210 0as (stat) 0053 (syst) .. . .
' ' assume that coupling in top production and decay is the same

F(t — I"'fb)SM

['(t — Wb) = o(t—channel)
oft-channelsu I, = 1.9970-82 GeV] |1 = (3.2713) x107% s

=% most precise determination

Shabnam Jabeen (Brown University, USA) 2n4 |CPP, Istanbul, 2011 20



Top Quark Charge

* In /[Hjets top-antitop events (5.6 fb'!) _ CDF Run Il prefiminary L = 56 '
180 )
® Determine charge of the W boson using the charge of - | Swoeg
the lepton) 140~ i
® Identify b-jets and find b jet charge using tracks . 20 : Sowns
I § 100 "o
X = weighting factor T 80 XM SM like

0 = jet axis

p; = track momentum

: : : _ . , a0 05 05 1.0
® Calibration of jet charge using dijet events in data Q(W) * Q(b-jet)

* Pairing the W boson with the b jet to reconstruct top

* Use Q,xQ, to build likelihood for SM hypothesis
(+2/3) and Exotic model hypotheis (-4/3)

Exclude -4/3e at 95% CL

Shabnam Jabeen (Brown University, USA) 2" |CPP, Istanbul, 2011 21



Nevents

: r Ezy-n

100-] —— Data DO, L=5.4 qu‘ S0 = Mugets
{=— tt SM spin corr. P. H = ¢ 3
801 tt no spin corr. ? — sgn ( ) “oF

40

20-

Spin Correlation in ttbar Events

In top pair production at hadron colliders, their spins are Tevatron
expected to be correlated q t oo .

P , , . : o s, =/, t
Observation of spin correlation will place upper limit on top @ el a
quark life time s : =z

~85% E

Scenarios beyond the standard model can effect spin correlation

Complementary to LHC ° + LHC 5% t
Choosing the beam momentum vector as the quantization axis }M< g &-if;‘ =z
The NLO QCD prediction 9 ~90% T i L
C =0.777+0.027-0.042

Using matrix element spin of the top Using templates

D Run II preliminary (4 fb™)

Z 70F ;
z [ B ¢f, SM spin corr.
— tf, no spin corr.

vV quantization axis

60

1 measured tt
Il Background

Psgn(H - “> + Psgn(H = (') 30;_

20

10

C =0.6:0.3 oot e
C =0.1+0.5
C=0.7+0.7

045 05 055 0.6 Excludes uncorrelated D5
case at 97.7%CL ‘

035 04
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Color Charge Forward-Backward Asymmetry

®* SM predicts no asymmetry in LO in QCD / b Ay=y.-y
PR p AR

®* NLO prediction is ~5% /

Born Box
q g —r—r—t| [q q NAY>0 _ NAy<o - TN o
& -4 Agp = Ay>0 Ay<0
Y ¥4 g NAY +N y
2 q 3 3 2
g ISR ESR

* Large measured asymmetry would indicate new physicsThe

® Tevatron Ay measurements are complimentary to the LHC

w Analysis in {+jets 4.3 fb! g ZSOE_EI;"}‘T"S i} f“ “‘;“ﬂ;' Prelliiary
> L +jets = 4 -1
w 200:—.Mu|tijet |
| @ Data

Measure unfolded (uncorrected for detector effect) 5ol
forward backward asymmetry in top pair events backward

t forward

Measured A, = 8+4 % of

Predicted A; SM =112 %

~2 sigma discrepancy

Shabnam Jabeen (Brown University, USA) 2" |CPP, Istanbul, 2011 23



Color Charge Forward-Backward Asymmetry
/ / j_ﬁléli_tg tt+ bkg o [:_8__+ — T
A®(|Ay| < 1.0) = 0.026 £ 0.118 * +
A% (|Ay| > 1.0) = 0.611 £ 0.256 o2F + + L
V /o 116 + 0.15: j ........ + ........................................................ I

-0'1'35'0”2136”21%6"ééd"ééd"ééd"ééd"'n')o'M‘ '(és;(\)//'c')soo »
fad
cornrimiy :Zzg: o I Bt

'[Ldt 51fb

3005 3

250F- 3

MCFM prediction = 61 %
________________________ > . :

40
A"y =42 +16% | |

Events

OEmEEEOIl

150 -

q:

Hint of new physics ' Ay,
beyond SM?

Check MC predictions in more detail especially top-antitop p;
Shabnam Jabeen (Brown University, USA) 2n4 |CPP, Istanbul, 2011 24



W Helicity and Wtb Couplings

In the SM, the top quark decays via the V —A charged Nopve | [Eommwam | § o
clicity. clicity. 1 Helicity
current interaction, almost always to a W boson and ;’ ;’ P
Bl
a b qua'rk A| negative log-likelihood | |an Run Il preliminary (48fb_| ; w 2 i l
1— DB, L=54fb" % go. : 1 @ L_-.@.--u
Y N 3 !
EANE N ) ® Best-fit value 6 - 0.8 —r—
0-6:_ ( ; * SM value 5 = n = longitudinal
i ) © Sosf At
0.af o
C 68% and~~‘95% ’ 0.4
0.2~ 2
of Lo C.L.contours. ' 02}
. . 0.9
N I R R R B B f, (uncorrected) :
1] 02 04 06 038 1 f* 0_1 05 0 0.5 '1
fo = 0.787919(stat.) £+ 0.06(syst.) cos 6

— 0.490 = 0.106 (stat.) & 0.085 (syst.

0.11
— 0.110 = 0.059 (stat.) & 0.052 (syst.)} &S+ = —0.127q10(stat.) £ 0.04(syst.)

General Analysis of Single Top Production and W Helicity in Top Decay

2

Ren, Larios, and C. P. Yuan (PLB 631, 126 (2005)) T pg e || E F——
. . i e e
Loy =5 Wab7" (1 Pt S Pe )1 - o Wuba™ (.fj’PL + [Pt T
+h.c. 0.5/
where, in the SM R R ) @
~ 1, f2 fl — f2 — Ilef T 1 2 3 a
R ' P
|f,f1?<1.0 |f,t]2<0.3
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t’,b’and Z’
Search for fourth generation quark, t’ Search for fourth
— More massive than top quark gen. quark, b’

— assume m,. — m,.< my, and CDF Run Il refiminary L=4.81" et oot evsione
t b W - data s —_— from data
, o ] Eg‘szs GeV § =
B(t’>Wb) =100% _ e A g T ] Medin
. . . . i z._ L £hoo /‘ £t < q
CDF Run 2 (5.6 fb!) 5 1t L M g \ % .68%
o1 Preliminary 4 B E ) 10? B
e t—Wb, > 4 jets § F 100 200 300 ?‘00 500 \.\ % i I:|95%
& H .M . N; 1) T
Z TVS. Mreco VS. Niet g \ \\,\ s N 1 Theory
'2 01 observed 95% CL 1 010 TN \ 9) ]
% range of upper limit F— theory \\\ \ \ \ 1 -o=QObserved
expected 95% CL n 2 g \\
upper limits F — 95% C.L. observe ‘\\ \ \ '\
il g‘::crf;:ﬁi:g';‘?dw"on _2_ﬁ9‘5%| c'.L'uex.pe.Ct?d. | L Y0 310 3\20 330 340 350 360 370 380 390 400 30+
200 250 300 350 400 450 500 107200 300 400 500 m.: [GeV/c’]
t' mass (GeVi/c?) t' mass [GeV] . . S
300 350 400
S h f t t. t Quark mass [GeV/c?]
. . . . . . )
® Search for excess in ttbar invariant mass distributions from Z’ boson
S CDF Il Preliminary 4.8/fb
o D@, L=3.6 fb" = Data <~ el s I . 7% S S i T ; g 3
G2k (a) ﬂ;reli:ls b e o 1.2 . = Observed limit 95% CL ] g 1 : \\ [__195% CL interval
E " — C \ ] frd r 0, i
o * M T 4 -~ Topcolor Z' (CTEQ6L1) ] R \ [0 6% CL interval
E [ 4 Wjets U I - —— leptophobic Z
210 N < F — Expected limit 95% CL - P e ted limit
w e Other MC @ 0.8 ; i 3 b expected limi 1
B f Multijet © C D@ Runll, L=3.6 fb ] ¢ \ —— observed limit
r 0.6 Preliminary ] 1t
1= E 1 osf 3
g 0.4 e 06} 3
C | C ] 04f 7
r 0.2 - ok ]
107 A Ll e T E ] ] 1 | 1 Lo ] . " " . . l :
0 800 1000 12( 900 400 500 600 700 800 900 1000 '1'100 0200 500 500 1000 1200 7400 1600
M. [GeV] m; [GeVic?]
1t M, [GeV]
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uld diu

Single Top Cross Section

Observation in

ME Discriminant

t- channel observation Tevatron Combination

- b - d b g =
( ) 60 —+— s-channel t-channel 0
Single Top Quark Cross Section December 2009
20
I
0 D@ o/u+jets 23f5" ! 3.94 38 pb
u.7 L2} ug 1 |
I“+ 1 D@ trjets 48f0" | 34 22 pb
- ) | : +0.56
e +444. . CDF e/u+jets 32f" | 2.17 2555 pb
I
- : : . ;: ! +2.6
00 02 04 06 08 1 CDF // + jets 21 fb : 5.0 23 pb
I
I
I

2.76 1028 pb

— A Il B.W. Harris et al., PRD 66, 0540é4a2002;
'g_ Dg 5-4 fb N. Kidonakis, PRD 74, 114012 (2006) Miop = 170 GeV
c 68% C.L. [ [ R
2 = 90% C.L. 0 2 4 6 8
S 4 I 95% C.L. G (pp — tb+X, tgb+X) [pb]
n
& — =
(<] oy e Data ) DO 5.41fb"
) o (b) It-cl'll‘annelI 3 30"
= o s-channel £ |
aca = 40 Wijets S ol
L » = w 20

g [ ) Mea[s]urement [ I Multijets % r
Q H sm” (0] < 10~
[ .
£ | pmbrnee § 2 ertions® > JERRT

[3] PRD 63: 014018, 2001 (3 o flavor ! Ll 0 | e,

[4] PRL 99: 191802, 2007 “ Sl 20 -4 -2 0 2 4

1 O FCNcI ko] Q(lepton) X n(light-quark jet)
% 2 4 [
s-channel cross section [pb] >=

86 07 08 09 1
Ranked t-channel discriminant

Oqp = 2.90 £ 0.59 pb (3.5 std. dev.
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Color Flow

* Jet shape influenced by color flow Gallicchio,Schwartz, PRL 105, 02200(2010)

* Shape influenced by direction of color flow!

®

— Distinguish processes with same final @
state

w v

t
s b
b

F
G A

q

g
Test if single
or octet

" DO, L=5.3 fb" ~Data
o Singlet
W 0 70 Bt - Octet
Expected: Exclude octet “W” @ 99%C.L. E iy
ol [ Other
4. 50 Bt W+jets
Expect fg;,g,=1 In SM h —e
30
First study of color flow in tt events 20 B
: : 10
First extraction of fg; .., . D e
' I i . 15 2 25 3
(using only color flow information) o munrelatiejet ol
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After 16 Years of Studying Top Quark

An impressive list of measurements

Top Mass
Width
Charge
Spin
l+
b v
Production Cross- w+
section
Resonant We t f
production g b
7
Charge asymmetry Branching
Ratios
Rare/non
SM decays

W helicity
Anomalous couplings
CP violation
FCNC

CDF-Il lepton+jets *
DO-Il lepton+jets *
CDF-I alljets
CDF-Il alljets

CDF-Il track

| |

(* preliminary)
167.4 £11.4(+103+4.9)
168.4 £12.8(+123+3.6)
170.6 £ 3.8 (+22+3.1)
1747 £ 3.8 (x29+24)
1761+ 7.4 +51+53)

180.1+ 5.3 (x39:386)

Mass of the Top Quark
July 2010
CDF-I dilepton ¢
DO-I dilepton ¢
—_———
CDF-II dilepton *
—_——
D@-I dilepton *
CDF-I lepton+jets ¢
e @) et
[V D@-I lepton+jets
@

173.0 £ 1.3 o7+11)

173.7 £ 1.8 +08+18)

Tevatron combination *

I I

1?36.0 +11.5@100+57)
1748+ 25 #17+19
175.3 £ 6.9 (t62:3.0)
173.3+ 1.1 t06:09)

(+ stat + syst)

y2/dof = 6.1/10 (81%)

|

150 160

http://wwwcdf.fnal.gov/physics/new/top/top.html
http://wwwdO0.fnal.gov/Run2Physics/top/top_public_web_pages/top_public.html
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The Higgs Boson

OR Eglert-Brout-Higgs-Guralnik-Hagen-Kibble Boson
ELEMENTARY

PARTICLES %CK

What is the origin of the = i

particle masses? &£

Tevatron Run Il pp at \[s = 1.96 TeV/c?

o) l I | I | G
& W | | ]
S 10°F . . <
= - z ; ; ]
8 L ! ! ]

i SM Expectation
«» 10°F ; ' P E
e i i ]
n _ :
© . 2f i | i
o 10°F Wy El
= A i E
10¢ 2 ww 3 3

Wz |
i i -

1F = 171 =
[ i i _E

107" | i | i  Mi=1p0
W Z Wy Zy WW wz 7z H=> WwW

note: this is o, not o X BR
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“God” Particle or “God Damned” Particle

Ehe New Nork Eimes

“It must be our prediction that all Higgs producing machines shall
have bad luck,” Dr. Nielsen said in an e-mail message. In an
unpublished essay, Dr. Nielson said of the theory, “Well, one could
even almost say that we have a model for God.” It 1s their guess, he
went on, “that He rather hates Higgs particles, and attempts to
avoid them,2

Did anyone ever think of hanging
Turkish Evil eye on LHC?

(We can use as much help as possible from any
possible sources)
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Higgs Physics at the Tevatron

Direct searches for a Standard Model Higgs boson: 6 -k My = 158 Gev

— LEP result: MH > 114.4 GeV/c2 at 95% C.L. s \ii o= |

— Tevatron Summer '10 combination 95% C.L. .l 31 - 1
158 <MH < 175 GeV/c2. .

% 3- _

Indirect SM constraints and global EWK fits seem

to prefer a light Higgs boson: ) . -
MpH 158 c{f V/ 2gg 95% C.L Higgs mass Is the | ]
< ev/cZ at L. . . . ] % ]
S ° Slngle remaimning 0 Excluded . Preliminary
D e e . ] -
My, | —LEP2 and Tevatron (prel,) unknown in the 30 100 300
80.5 ~~LEP1 and SLD SM. my, [GeV]

68% CL Minimum at 89 +35-26 GeV

At the Tevatron, ~100 individual
analyses with different final states,
selections are searched and
combined

........

80.3 1

150 175 M 20¢
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Higgs at The Tevatron

° Q
Production <
kS gg—H
. gg Fusion WZ Fusion 5 Higgs-Strahlung - E" R
S oal 2
) 0
--------- H e
)
©
>
&
g i 1 i 1 1 1
1.8-0.2 pb 0.1-0.02pb  0.5-0.03 pb 100 120 140 160 180 200
D 1 my (GeV/c?)
ccay 2
* Lowmass Higgs (MH<135 GeV) g
— Prefers to decay to bottom quark pairs = oal

— Need efficient identification of bottom

quarks to reduce backgrounds
®* High mass (MH>135 GeV)
— Search for H>WW*

— Potential for an offshell W boson allows

nonresonant production

Shabnam Jabeen (Brown University, USA)

10-2

Exchided by LEP

10-3

100 120 140 160
myy (GeV/c2)
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Low Mass Higgs

Associated Productlon Low mass only, 3 dominant final states

* Background reduction via the
identification of displaced jet decay

Vertices WH-1vbb i ZH-vvbb ZH-11bb
. . R . EN— ZH—>vvbb Analv5|s §.§.'—“rf."9.“"‘.’9 p t'agg
® Multivariate techniques are used to g 480 w60 " 00 prliminary (62 "
improve signal to background ratios 5

* Typical S/B of ~1/10 - 1/50

50

© 80 - T

Q 70 DQ, 5.2 b double tag " Final Discriminant
S f?ata + CDF Run | Prellmlnary [L dt = 6.0 '

n 60 op g V=120 GeV/c? " e

E LE - _-z jets-channel | e

(]

>

(1]

0. 5 0. 6 58 7 0809 1
Final discriminant

% 01020304

I0 05 00 05 10
BDT (Z—1t vs H) & BDT(top vs H)>0.0 & BDT(Z— ee/pp vs H)>0.1
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Low Mass Higgs: H=> vy

L3 L3 0
® Calorimeter resolution : up to 2%
° L o [ L3
* Photon identification: improved by a NN selection
B
© T60]
0_107 4 140
% D@ preliminary, 8.2 fb = o 200
g10° o S 180 + —
40|
u.|105 * data 20 w 1 —
& w 1601 —
10¢ background ; 140
0. |:] signal (M_=120GeV) x 50 .g
—— °
102 +"'-o—o-.-+-o-o—_._++h......-0-"'+ — g
10
1
10"
10°7"08 -06 -04 -02 -0 02 04 06 08 1
MVA output N T
90 100
Tevatron Run Il Preliminary H—»yy L <8.2 b
o 80F = L O B L B R L B LA
§.F  Dpreliminary, 821t @107 ... Expected B 10 Expected =
i E —— Observed limit .E = Observed : [1 420 Expected i
EE e Expected limit - ]
@ 5 Expected limit 1 s.d. o 1
e 405_ Expected limit + 2 s.d. 5\210 €
o % * ]
2 30 ]
203— ]
E SM=1 May 17, 2011
10 1 = - - P S PR R s
E 100 110 120 130 140 152
0|_I||||I||||I||||I|||-I|1-|I|
100 110 120 130 140 150 my, (GeV/c®)
M, [GeV]
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o
S 035 D@ preliminary, 8.2 fb'

S B

H

H ® Z 5 1'T+y (I=e,u) data
S —yMmc

Sk

L 02 e jetMC

S

8

w

01 02 03 04 05 06 07 08 09
0,
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H-> v signal at M, = 120.0 GeV/c?

Signal scaled to expected limit (16.2 x SM)
Signal scaled to observed limit (32.0 x SM)
Data

Background Model

CDF Run Il Preliminary
Central - Central

150 160
M, GeV/c?

95% C.L. Limits for h— vy (7.0 fb™)

CDF Run Il Preliminary

= 60p
2 E —=— Observed limit
= 50— —— Expected limit All Channels
>~ [ [ 1 sigma region
T L [ 2 sigma region
-~ 40—
T
< . F
5 30
20—
10
oL Lo L L L L
100 110 120 130 140 150 5
M, (GeVic®)
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Events/(8 GeV/c?)

S
8

o o N
8 8 8

= N W
o 8 8 8

The CDF Iv+ty;

| Top 6.3%
B Z+jets 2.8%
£ QCD 5.1%

—— CDF data (4.3 b”

—— Gaussian 2.5%

B WW+WZ 4.8%
W+lets 78.0%

Events/(8 GeV/c)

M, [GeV/c?]

\ ~—— Gaussian

—— Bkg Sub Data (4.3 fo™)| ]

} WW4+WZ (all bkg syst.)| -]

EE

3.20 |

L . 1 L L . .
200

M, [GeV/c?]

Not consistent with SM Higgs, not seen in Z+jets

8 GeV/

Events/(

Gébumpﬂﬂ

200

www-cdf.fnal.gov/physics/ewk/2011/wjj/7_3.html

—*— Bkg Sub Data (7.31b")

DO analysis excludes 4 pb resonance at 99.999% CL

The DO data are

consistent with the SM

prediction

Events / (10 GeV/c?)

[

i DJ. 4. = —4— Data
L2001 @’ 2 1b Il Diboson
- @ [ WTets
1000~ [ Z+Jets
B I Top
800 [ Multijets
C — Gaussian (4 pb)
600 — M; = 145 GeV/c?
400
200
0 [~ ) =
0 50 100 150 200 250
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Events / (10 GeV/c?)

300
250
200
150
100

50

-50

200
M, [GeV/c?]

CDF reports an excess in the dijet mass for W+2 jet events above the W mass

If this is a resonance from some new particle, X, then o(pp—WX) =4 pb

arXiv:1106.1921 [hep-ex]

D@, 4.3 fb! e Bred
. —— Bkgd +1s.d.
(b) [l Diboson
- Gaussian (4 pb)

M; = 145 GeV/c?

P(x?) =0.526

4

+

PR N T MU AR R N
200 250 300
Dijet Mass [GeV/c?]
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High Mass Higgs

® Signature: two leptons + MET

* Exploit kinematic differences
(lepton mass, spin correlation)

* Backgrounds: W+Hjets, WW/WZ
production

Gluon Fusion Production:
Maximum sensitivity at high mass,
also useful at low mass

(7)) R LU B LA B
Q9 10t D@ Preliminary —=|— data
= L=8.11b" z
1] ey + MET T Z+jets
10° - |
E Diboson
10? = -
3 .W+iets
10 = Multijet
N lttbar o
L —
S
Signalx 1€ 3
: i (M, =165 §
40 60 80 100 120 140 160 180 200 83

M (GeV)
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CDF Run Il Preliminary

Events / 0.05

N
o
T | TTT |

[ OS 0 Jets, High S/B
120 M, = 165 GeV/c?

s e

*

=]
o
®
<)
)

L<82fb’

March 7, 2011

Tevatron Run II Preliminary—$— Data-Background

[ SM Higgs Signal
—— *1 s.d. on Background |

m, =165 GeV
N,

e
-1.8 -16 -14 -12 -1

I i P IR B
-0.8 -06 -04 -02 0

log,,(s/b)

2" |CPP, Istanbul, 2011

0.6 0.8‘ 1
NN Output

Bkg uncertainty does
not wash out signal
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Tevatron Run II Preliminary, L < 8.2 b

* Tevatron Dataé

2
m, =165 GeV/c " Background
Bl Signal

March7,2011

[
()
(—)

2

Cumulative Events

xR
=

2

Tevatron Run II Preliminary, L. < 8.2 m!
| i T t I ! | t | Fd

m,=165 GeV/c’

[ e Signal+Background
Background
¢ Tevatron Data

0
.
.
.
: -
.
.
.
.
.
*®
.

""""""" March 7, 2011
0 5 10 15 20 25 30
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Tevatron Higgs Limits

2010 Tevatron combination

Tevatron Run II Prcliminary, <L>=591b"

% | LEP Eulusnon N I N ’ll’evatron
=10 bt Exclusion
= EEEEESEEEEEEEEEEEEZEEEZff:'::'::'::';fiifESEEEEE?L%SES%fEEiEEfff?ffiifEffSEfEEEESEESEEEEESSE?SEf*?Effﬁﬁfifé::fff?ffiifff%ffEEEEEESESE:
: ' ;:::;;g;:iggztﬁ::::;::::::::::::::::::::::::::::;::::::::::::::;:::::::::::::::::::::::::::
3 o -
N
w
=)
1
-------- G"H""Tf‘!dtm"l]:“]"‘“"l.m""'"'"é'"""'"”““'““'““'é”“""""4‘1“‘?'19"”0’]0"""'"
100 110 120 130 140 150 160 170 180 190 200
mH(GeV/c )
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Tevatron Higgs Limits

Winter '11 Tevatron high mass combination

Tevatron Run II Preliminary, L < 8.2 fb!

ek
-

= pom obeeer o Tevaron
= - [ +lo Expected o e EX—CIﬂ-Slo-n --------------- .
E - -----+26 Expected ----------------- -------------------- ------------------- S o n
£
—
O
SN
=
1
N : B | : JMmc'}l72011
130 140 150 160 170 180 190 %OO
m,, (GeV/c

95% C.L. exclusion of the mass range 158< MH <173 GeV
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Tevatron Projections

Tevatron will run through Sep. 2011

~12 fb-ldelivered per experiment translates to ~10 fb-'available for analysis.
2xCDF Preliminary Projection

:\20 1-
e
=
=3
i 15
(=
expect better 3
than 2.4 o sensitivity 9 C
up to 180 GeV/c2 N
g
< 5
0

o
100 110 120 130 140 150 160 170 180 190 200
With Projected Improvements m,, (GeV/ c2)

SM Higgs could be excluded by the Tevaron over the

A Priori Expected Sensitivity ¢

entire mass range favored by the EW fits
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Higgs Beyond SM

Looking for Higgs bosons in a variety of models beyond the standard model

®* MSSM: sensitive to tanf ~30. Full dataset, combined results could be sensitive to tanf3 ~20

* 4th Generation excluded: 131-204 GeV .
* Fermiophobic Higgs: DO Mhf>112 GeV/; CDF Mhf>106 GeV/
* Hidden Valley explored but nothing seen yet
Best Fit (with signal template) CDF Run Il Preliminary
o 1800 H bbB
@ 31600 E ::;
] I bCb
% 2405_ DO,42Mm" %1200 B bab
o 220 + -I- 3 jet § < 1000 M m,=150
S 200 Low-mass likellnood D@ Preliminary, 3.7 fb” | 3 800 ® CDF2.2/fb
E [ Observed limi ]
E 180 i gg:k Dart:und — Ex::ct:d Iimit‘ ‘_5:
g g i LEP — %
w B Heavy T
f ,
100 120 140 160 180 200 200 2850 300 350
m, (GeV) dijet mass m,, (GeV/c?)
80
60 %1005 Tevatron Run Il Preliminary, L= 1.8-2.2 b I~ =R L. upper imite COF Run | Preliminary @215)
] (- m, max, u=-200 GeV 'g. -- expected limit
40 - 905 B = IE BN icband
20 80;_ £E):::::: l::“ Ii_lEF i E i::«:rr\]:dlimit
OF 70 Expected imit £ 15 3
1w:._ 60 g_ Expected limit+ 26 z(;i
g K]
: " N\, :
p + _+ ) ™M i
L ) N
Mg [GeV]
100 120 ‘ 7‘140 B T T m—
m, [GeV/c?]
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Summary

®* Tevatron has taken us far in understanding the SM

®* The degree of sophistication of object algorithms, analysis techniques and
tools developed at the Tevatron will used by next generations. These
advances will of course migrate to the LHC experiments.

®* The legacy of the Tevatron will be in its discovery and elucidation of the top
quark, W & Z physics and perturbative QCD.

®* While LHC will be able to test most of the top quark properties in detail,
the legacy mass measurement and complimentary measurements at the
Tevatron will still be relevant

®* Tevatron still has a critical role to play in the Higgs story

could exclude or discover Higgs in the entire mass range favored by the
electroweak fit

®* May be some hint of new physics?

Only part of data delivered has been analyzed yet!
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