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CPViolation in the Bs System

This is not the only unitarity triangle!
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CPViolation in the Bs System
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The Bs system is (largely) the domain of hadron colliders. Exploit by
combining mixing and decays to CP eigenstates in b— ccs transitions:
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CPViolation in the Bs System ks
o Bs

The Bs system is (largely) the domain of hadron colliders. Exploit by

combining mixing and decays to CP eigenstates in b— ccs transitions:
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CDF and DO have analyzed the u*pu-K*K- final state using 5-6 fb-! of data

< |/P and : spin |,“transversity” analysis considering 3 decay angles
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CPViolation in the Bg;s System

New DO (6 fb'') inclusive like-sign dimuon charge asymmetry measurement
B N+ — N——

N+ + N——
© sensitive to CP violation in mixing

Ab

© complicated analysis: small effect, <
sensitive to material asymmetries, (01

muon detection asymmetries, ...

g b, 61 m? | @ 0
g 0.01 | {
< I + +_+_ e - Observed asymmetry -0.01 B b
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First evidence (3.20) for anomalous CP violation in B mixing!
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B—Ku™u
B— K u*u- decay: rare FCNC decay, theoretically clean test of SM ut

< B, K" longitudinal polarization F., p*y- Ars sensitive
to values of Wilson coefficients (C7, Co, Cj0) used :

in Operator Product Expansion -
d
CDF Run |l Preliminary L=4.4fb™ CDF Run |l Preliminary L=4.4fb™
w12 22 Results competitive
: F(B" =K ) | | Ars(B® = K uy) P
1 # Data 15l # Data (and compatible)
: —SM | with B-factories
. C,=-CS
1
- _l_ L | CDFRun Il Preliminary L=4.4fb"
0.5 l I N§ 221" Yjeld:27 + 6 (31 expected)
I P : = l =i 2 5o/ Mass:5365 = 5 MeV/c?
—---rvT""'""""" ........... §18; B(s)_> ¢M+M-
oK. — a +Data
- I 2 — Total Fit
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-0.5 e Background
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Search for Bs— u*y- @ W

b
Another rare FCNC process! In the SM: B=(3.6+0.3)- 10’ t v
© powerful test of BSM models s T

The challenge: backgrounds. DO analysis (6.1 fb-!): (b)

© train multivariate analysis using
tracking/vertexing variables in sidebands

< verify with B"— )/ K" decays

_(a) DO, 6.1 5’ 1 3 (a) DO, 6.1 18
0-3_. 0 - 8 40 (@) ’ 098<p =1
; Bs—u'u 1
02b B? simulation 3
o V- T deeea . =~
S | Data sideband 2 Results (95% CL):
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Electroweak Physics
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W Boson Properties: Mass and Width

> 10000 . Bata . . . .
¢ [(@Do1tb “fastmec | Extremely challenging from systematics point of view
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Forward-Backward Asymmetry in Drell-Yan

DO0’s 2008 measurement: hint for deviation at high Mee (e.g. Z’?), limited by

statistics. Now remeasured b)?éF using 4 fb"!
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W Boson Charge Asymmetry
©® =

Sensitive test of u,d PDFs

© problem: two solutions for neutrino’s
b, component (assuming on-shell W)

Earlier (2008) CDF analysis (1 fb™/,
W —eV): explicitly use both solutions,

correct for mis-assignment

New DO analysis (4 fb',W—uv): don’t reconstruct
the W, consider directly the lepton charge asymmetry
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An “interesting” challenge for
PDF fitting (e.g. CT 10W)
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W Boson Charge Asymmetry
©® =

Sensitive test of u,d PDFs Boow Boost
Wi ) W- e—
© problem: two solutions for neutrino’s /\ /
b, component (assuming on-shell W) .. . P s s 0
=
Earlier (2008) CDF anal)’SiS (I fb-l, /{ W rest frame /nr W rest frame
W —eV): explicitly use both solutions, e+ v
0.8
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- CDFRunll Preliminarny ol :

correct for mis-assignment

New DO analysis (4 fb',W—uv): don’t reconstruct
the W, consider directly the lepton charge asymmetry
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W Boson Charge Asymmetry
® =

Sensitive test of u,d PDFs

© problem: two solutions for neutrino’s
b, component (assuming on-shell W)

Earlier (2008) CDF analysis (1 fb™/,
W —eV): explicitly use both solutions,

correct for mis-assignment

New DO analysis (4 fb',W—uv): don’t reconstruct
the W, consider directly the lepton charge asymmetry
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CDF Run i
—&— DORunll
10‘ | s L un |
= —&— Tevatron Run || Combined

Di-Boson Production

The name of the game:

Cross Section (picobarn)
=
|

probing Triple Gauge-boson Couplings 10»« .

(besides being interesting decay products L

of other bosons...) 'E e i
© e.g. for WW production (WY/WZ w"’”_w > W 5 € B S 7;,,50‘};,,.

Al

production sensitive to only WWY/WWLZ): Gallery of Tevatron EW (mostly) measurements

q w T q w
' Z] y CDF Run Il Preliminary [L=36n"
4 120 Fitted Templates [ w.jets
) ) | ' [ Wy
q W~ g W~ [Clwz

Events / 0.04
3

s 7z
= ig (W, WV — WY, W) a0 =
wwyv tt
W v AV e e = ww
+ I/{VWMWVV +M—2W>\MWVV , 60 —— Data
w ---- Nominal MC

9/ =1, Az=X\,, /<;Z=g1z—(/<;7—1)tan29W 40
< 0_4;(a) DO, 1 5" 3’0_4;(b) DO, 1 5’ 3’0_4;(0) DO, 1 fb' 20 -- 1 _ =

0.2" 0.2" 0.2 0 T S .
] - L 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0 0 0 Matrix Element Likelihood Ratio (LRWW)

-0.2- -0.2- -0.2¢ - +1.6
: : — o(pp — WW) = 12.1 £ 0.9(stat.)” ;4 (syst.) pb

0.4 0.4- 0.4
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Di-Boson Production (2)

Also: observation of WZ final states

< in |llv final states
olpp - WZ)=4.1+£0.7 pb

CDF Run Il Preliminary, L=2.7 lbl ."“"‘""‘"Z

—

W Z+mts

{Nor-W

Events / 0.05

S——

Event Probability Discrimingnt

o(pp

o F
12— CDF Run II Preliminarny dt=61b"
-
r= —*—data
210 Jwz
1] []Z— uu+jets
i -+ Z— ee +jets
8 [(JZ=uu+y
i [JZ—=ee+y
L B zz
6 -
4l J

o
bt |

] el b

80 100 120 140 160 180 200

W m,

~ WZ, WW) = 17.7 + 3.9 pb

© WW/WLZ in |Vjj final states

© constraints on anomalous

10}

Cross Section (picobarn)

107 &

w 2 W

Gallery of Tevatron EW (mostly) measurements

Wiy

g

CDF Run |l
—&— DO Run ll

—&— Tevatron Run Il Combmned

- @

v

Wy ¢t 2 ”nsogn,
Al

Observation of ZZ final states

. > T T T T T T T T
couplings & " — ou A
g [ “ Background DO 4.1 fb -
Q 20 ___ sM Wz + Background B
g [ ---- A=-01,Ak= 02
5 15 ) =-0.1, Ak =-0.2 -
N _ .
00—+ —
5 ELHHHHHHHHHHHH _______ N
% 20 40 60 8 100 120 140
ZpT (GeV)
12
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° > F -1
< in llll final states &, orrti7e s s
% [ ]signal
£ [ background
g 20
w
> 0527 oe o . (a
o 107 DD 2.7 e'e egata (a)] 1.5
8 I [zz
= ol Clwwmwz ] 2 v
2§ HEZE N
Cl>) i Ml other bckg-
) 6? —— i 0.5 _L
i | T | \bﬁ—'—
4r ] 0 100 200 300 400 500
i —— Four lepton invariant mass (GeV)
L e J ] |
2f L
— . er ion level
70 80 90 10 110 (ObS vatio v
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needs both final states)
< in llvv final states

© similar analysis of TG couplings
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Top Quark Physics
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Top Quark Mass & Width

Top quark mass: another area of high

precision measurements
Mass of the Top Quark

July 2010
®

CDF-I dilepton

D@-I dilepton

g () =y

CDF-Il dilepton *

H—.—H

DO-1I dilepton *

CDF-I lepton+jets

®
DO-| lepton+jets

CDF-II lepton+jets *

DO-II lepton+jets *

(* preliminary)
167.4 £11.4(x103= 4.9
168.4 £12.8(x12.3+ 3.6)
170.6 = 3.8 (x22:3.1)
174.7 £ 3.8 (x29:2.4)

1761+ 7.4 (:51:53)

180.1+ 5.3 (=+39:36)
173.0 £ 1.2 (z07=1.1)

173.7 £ 1.8 =08+ 16)

CDF-I alljets

CDF-Il alljets

CDF-II track

Tevatron combination *

156.0 +11.5(2100:57)
174.8 £+ 2.5 (+1.7+1.9)
175.3 £ 6.9 z6.2:30)
173.3+ 1.1 r06=09)
(= stat = syst)

y2/dof = 6.1/10 (81%)

150 160 170 180
m,,, (GeV/c?)
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190 200

b

|+jets final states also allow a direct
measurement of top quark width...
2-tag Lepton+dets

0.04

[ < 7.6 GeV (95% CL)

0.02

£ M CDF 4 fb-
3 0.08]- — T, =1.5GeV
0061 —T,,=10.0GeV
T, =20.0GeV

1 1 1 I 1 1 1 1 I 1 1 1 1 R S
0 150 200 250 300 §50
MEe° (GeV/c”)

but difficult to compete with indirect
measurement (DO, 2.3 fb™)

< combining t-channel single top
production cross section and

B(t— Wb) measurements in |+jets:

M =1.9970% GeV
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Top Quark Pair Resonances & Aw

Looking for non-SM contributions to (I+jets) top quark pair production...

Directly as a (narrow) resonance

? -1
81 02 =5 (b) ' DQ, L=3-6 fb —#- Data
& © Sl [ ]z (650 GeV)
S -
g
210
W
1=
107
0

200 400 600 800 1000 1200
M, [GeV]
CDF Il Preliminary 4.8/fb

2 \ [__195% CL interval

= F \ [ 68% CL interval

L A9F \ — — leptophobic Z'

D 1s R

. \ -------- expected limit

= \ —— observed limit

\ (little model dependence)

400 600 200 1000 1200 1400 1600
m, [GeV/ic]
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Or through production asymmetry
(SM NLO interference effects: Ap ~ 1% at

detector level, ~ 6% at parton level)

Bl Top pairs
[w+ets
B Muttijet

e Data

| D@ Run Il Preliminary
L =4.3 fb™

! (detector
level)

150

100

50

0

-3 -2 -1 0 1

Aip = 0.08 £ 0.04(stat.) + 0.01(syst.)

CDF also measures y(thad) instead of
rapidity difference (unfolded to parton level)

A = 0.158 £+ 0.072(stat.) + 0.017(syst.)
So far, no significant deviations
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Fourth Generation Quark Searches

Following the pattern observed in the CKM matrix, assume that such quarks
would primarily decay to the third family He= " Erjt Erp+ Er

9 . (X b B
t.structure In reconstructed tOP jEjets a |
. . . . b
mass distribution, Ht b’: HT, more jets { q
1
. . . : (consider events w/ =5 jets) g
103|. CDF Run 2 (4.6 fb") } Observed 1
. Preliminary T B ) N
E . tt - CDF Run II Prehrlmnary L=481b q2
102} W+jets, EW 5
g 1% = ach E o &
5 N t' (450 Ge' B Top (7.4 pb) b
= | [l Single Top
2 101 / W + HF
Q [ Mistags
Bl Non-W
L Bz + jets
100 . Di-boson
CDF Run II Preliminary L=4.8 fb™
} E I I I I I I I I I — Median Bg
L L * i % g [ 68% Be
+ i . | | ‘ I * * * 4 © 2300 1000 1500 2000 2500 300 '§ o | []os%Be
Jet-H, [GeV] # | 1 - Theory
9]
s s s s 7] - _
0 200 400 600 800 Lsi‘) I " Observed
Ht (GeV) -
! ! ! ! LN ! ! !

300 320 340 360 380 400 420 440 460

Quark mass [GeV/c?]
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Fourth Generation Quark Searches

Following the pattern observed in the CKM matrix, assume that such quarks
would primarily decay to the third family He= " Erjt Erp+ Er

’. . “ 'X) —
t’: structure in reconstructed tOP JEjets a |
mass distribution, Ht b’: HT, more jets { a
. . . : (consider events w/ =5 jets) g
103} CDF Run 2 (4.6 fb-1) } Observed 1
. Preliminary T N
% : w ) CDF Run II Preliminary L = 4.8 fb! q2
O 402 W+jets, EW ] & ' '
10 3 j ’
g 1% = ach E o &
g [ N t' (450 Ge' =Z§; I(Z;}L(f;b) b
2 101 / MW + HF
o [ Mistags
Bl Non-W
L Bz + jets
100 . Di-boson
CDF Run II Preliminary L=4.8 fb™
T T T o E I I I I I I I I I Median B
8 — Median Bg
- ' CDF Run 2 (4.6 fb™) m ? .68% Bg
| 1§ Preliminary 1 £ . g
~ t'%Wq, > 4 iets 0 500 1000 1500 2000 2500 300C 8 | |:|95% Bg
'E: HT VS. Mreco VS. Njet Jet'HT [GeV] 2 | --- Theory
1\ @) | == Observed
'& 0.1 < L‘-')
5 range of observed
expected 95% CL .
0.01+ theoretical prediction by DO
Bonciani et al. .
200 25.'.)0 360 360 460 450 500 00 30 30 360 380 M0 A0 w0 460
t' mass (GeV/c?) Quark mass [GeV/c?]
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Electroweak Single Top Quark Production

. . I
An experimental challenge by itself — and
an important step on the road to one of .
the Tevatron’s prime Higgs channels
© full strength of multivariate analyses New: exploit also differences between
used for observation b)’ both eXPtS. s- and t-channel processes
Single Top Quark Cross Section August 2009 - 0.35. lepton (b)
. S O 2-bfromtop - lisht-quark n distrib.
CDF Leptontjets 320" | HeH 2.17i8:gg pb §" 0'3g:hght quark / g q r]
: 50.25 “spectator b [ %] - / in t-channel process
CDF MET+jets 21" ! o | 5.0 25 pb 3 0.2? | R
DG Lepton+jets 2.3 b E 3.94 tggg pb 0(:51
Tevatron Combination i 2.76 1033 pb 0.05- ------- S '
o : 04 2 0 2 i
Bl B.W. Harris et al., PRD 66, 054024 (2002) M. =170 GeV _
N. Kidonakis, PRD 74, 114012 (2|006) top ‘é DQ 2.3 fb"
[ | [T R 5 ® Measured Peak
0 2 4 6 8 2 * s
6 (pp — tb+X, tqb+X) [pb] § v o looag
. <_9, % IV _I=0.2
Both production cross sections are Wi D¢ adblei to ,tiSt o Toptavr
. : new models wit § Top Pion
proportional to |Vp|? "™ constrain o * B P oGev
more statistics [lee%cL
| Vip| = 0.88 £ 0.07 (95% CL) =9°%°-L-
= 95% C.L.
(independent of 3-flavour unitarity used -
by more precise B(t—VWb) measurement) |
0 1 2 3 4 5
| 7 s-channel cross section [pb]
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Higgs Boson Physics
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Standard Model Higgs Boson Constraints

Constraints from electroweak measurements (dominated by the Tevatron’s Mw
and m¢ measurements!) indicate a relatively light Higgs boson

6 __July 2010 M it = 158 GeV July 2010
o . ’ I |
. - Thio(r%/ B rainty { — LEP2 and Tevatron (prel.)
3 o® =
S- L 000758:0.00035 7 80.5 ~ LEP1 and SLD
3 % - 0.02749+0.00012 68% CL
4 % % s incl. low Q° data - —
>
~ )
X 3- . O 804l |}z
=
5 N =
1 = 80.3 1
0 | Excluded Preliminary_ _ o0
30 300 150 175 200
my, [GeV] m, [GeV]
19
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Standard Model Higgs Boson Phenomenology

) c 1E —
€ O -
o) © L HDECAY program
c E u
3 2 107
o S
2' % Il

© I
P & |
8 w 102k —bb

m : + -
@ > f —W'w
5:_:; I I —277

s | 3

™
= g8.aq — tth »
o 10° —99
TeV4LHCH:ggswuhnggrwp 0 |
JJJJJJJJJJJJJJ ‘ | | | | | | | | | | | | | | j % | | | _w |“
1100 120 140 160 180 200 100 110 120 130 140 150 160 170 180 190 200
M, (GeV)

For Mn > 135 GeV, H=>WW (H—ZZ difficult...) is the decay mode of choice
© like at the LHC

For Mn < 135 GeV:H—bb hopeless if produced in isolation. Fortunately, in
proton-antiproton collisions, antiquarks are readily available

© associated production: HW, HZ

In the following, show merely 2 representative searches (~ 100 channels total!)

20
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Example: High My

CDF H—=WW analysis, 5.9 fb!: clean, but still needs hard work

g
g

© DY rejection, spin correlations, NN/BDT using Matrix Element analyses

© include also WH (same-sign leptons), WW—=ITVvV

CDF Run Il Preliminary fl_=5.9 b
g 180 E OS 0 Jets wﬂ'ets
5 | UF My =160 GeV/c? -
et - wz
[ 160 — mzz
g - - DY
o 140 Oww
- J :g:{:v x 10
120 +
100 |—+
‘ +
60
40 :
20—
0 TR N T T A Y S N e |
0 0.5 1 1.5 2 25 3
Ao(ll)
CDF Run Il Preliminary fL =59fb"
3 [0S0 Jets, High S/B =
2 00l M, =165 GeV/c? g
] O w10
: -o-Data
S
T 80

60

40

20

NN Output
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Events / 0.05

CDF Run Il Preliminary fl_ =591fb"
[ SS 1+ Jets -
2L = 2 -gvz
10 = M, =165 GeV/c zz
E E%W 10
10 +
1= 4 ag = 2pmns
S Bs N i — ]i
10-1 §—|_'_|—'—'_'_'_'—‘_._ -
10?2 8
E 1 1 I 1 11 I 11 1 I 1 1 1 I 1 1 1 I 1 11 I 1 111 I 11 1 I 1 1 1 I 1 1 1
-1 -0.8 -06 -04 -0.2 0 02 04 06 038 1
NN Output
CDF Run Il Preliminary J Ldt=591b"
102 - et channel — m,, = 165 GeV/c?
10 ® data (5.9 ib™) e, s7o%
H—> WW
= [ Drell-Yan
1 I W+ijet
0 Wy
B ww/wz/zz
Ja
10'1 total Bkg error
102
10°

0.4 0.6
BDT output
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Example: Low My

D0 ZH—vvbb analysis (6.4 fb''): no charged leptons!
© need exquisite understanding of instrumental backgrounds a

© use multivariate analyses, b-tagging

16 x10° AnaIyS|s sample (pre btag)
o — '
< - DO Prellmlnar (5 5 fb’ ) .
© 14+ —+-Data
PR Top E
£ 12 BB V+hf/NV
(% C V+l.f. ]
o 10 B0 Multijet
N [CJVHx500 °
8 =
6 =
41 =
2 . E
L M
% 100 150 200 250 300
DiJet Invariant Mass (GeV)
AnaIyS|s sample (two asymmetrlc btags)
o F |
- : MJDT > 0 0 DO Prellmlnary (5. 5 fb ) ]
© 120 —+-Data -
; N = Top 5
£ 1001 | | EV+hiny
o - _T_ _T_ V+l.f. ]
I.I>J 80 ‘Jr | B Multijet 7
N | B [JVHx 10 °
o + i
N | ]
40— _+__T_ ]
20 —
1
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-0.8 -06 -04 -02 0

0.2 04 06 0.8 1
Final Discriminant

But this hard work pay off! This channel
is now even more performant than the
WH=|v one
© CDF/DO0 performance generally very
similar

General strategy: combine all channels,
including less performant ones

© WH (high Mn)

< ZH—1Ibb,WH=TV (low My)

22
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Combined Results

In the (unfortunate!) absence of an excess, set ever tighter limits

(NB: not yet using all latest results)

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

> LEP Exclusmn Tevatron
: S

ﬁ _ - LLR il o Tevatron RunII Prellmlnary E 10 -2 EXCIUSIOH

— 15 I E-LLR --------- 20 ---------------- T ------ <-L>=-—-5--9-ﬂ)--1 ------ 5 1

E : : : : : q
10 - | S S — &
X
w
5 ..................................................................................... N

B -
g _-‘-E

-
i_--":

<-—-————-Tevatr0n Exclusion - I e . - ;[uly’ 19: 'quo rrrrrrrr |

July 19,2010

There are still envisaged improvements

© e.g. b-tagging, dijet mass resolution
(and our track record is good...)

100 110 120 130 140 150 160 170 180 190 200
m,, (GeV)

iYSM

xpected Limi

Z

The case for an extended Tevatron run!

© recommended by P5, awaiting $$
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100 110 120 130 140 150 160 170 180 190 200

H(GeV/c )

2xCDF Prellmmary Pr01ect|on mH-115 GeV

Summer 2005
Summer 2006
Summer 2007
January 2008
December 2008 oty

November 2009
With Improvements -

2 4 6 8 10 12 14

Integrated Luminosity/Experiment (fb" )
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Neutral MSSM Higgs Bosons

MSSM Higgs sector described by two parameters: Ma, tanf3 (radiative corr. aside)

Exploit increased coupling to b-quarks & T leptons at high tanf3, near degeneracy
between A and H/h (“@”)

& —bb: in association with b-jet

=1200

Eventsﬂ 0G
(0 o] o
o o
o o

600

400

200

DQ, 5.2 fb’

b) 3 jet
High-mass likelihood

—+— DOQ Data
—— Background

B Heavy flavor

0 100 150 200 250 300 350 400

MbB [GeV]
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d)—'TT: both with/without addl. b-jet

7T, channel

20
160k CDF Run Il 1.8 fb1 | |
MSSM ¢—tt Search
' Preliminary '
120
' { observed
80r [] A—>tT
: L] ZA*—tt i
40+ [ other EW, tt
i [ jet fake
0

0 50 100 150 200 250 300
m, (GeV/c?)

my =140 GeV

0 50 100 150 200 250 300
m, (GeVic?)
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Neutral MSSM Higgs Bosons

MSSM Higgs sector described by two parameters: Ma, tanf3 (radiative corr. aside)

Exploit increased coupling to b-quarks & T leptons at high tanf3, near degeneracy

between A and H/h (“@”)

d—bb: in association with b-jet

Q.
€120
- D@ exclusion
100 LEP exclusion
80 """""""
60 ----------------------------------
a0k o
| — Expected
""" Exp. = 1 s.d.
N Exp. = 2 s.d.
100 150 200 250 30
M, [GeV]
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d)—'TT: both with/without addl. b-jet

MSSM Higgs — tt Search, 95% CL Exclusion

100
- CDF Run Il Preliminary, 1.8 fl!
80
70
60
50
40
30
20
10

no mixing

tan 3

u>0

no mixing

100 120 140 160 180 200 220 240
m, (GeV/c?)
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Neutral MSSM Higgs Bosons

MSSM Higgs sector described by two parameters: Ma, tanf3 (radiative corr. aside)

tanp

Exploit increased coupling to b-quarks & T leptons at high tanf3, near degeneracy

between A and H/h (“@”)

d—bb: in association with b-jet

1005 Tevatron Run Il Preliminary, L= 1.8-2.2 fb™
90— no mixing, u=-200 GeV
80 i_ Excluded by LEP
705 — e
60 i_ Expected limit = 2 o \
508\ N
DA T
401 7 A DO
\\5‘_________——“'( \§§C§§§§
Zg i \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
10F
o0 0 10 ie0 180 200
m, [GeV/c?]
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d)—’TT: both with/without addl. b-jet

%1005 Tevatron Run Il Preliminary, L= 1.8-2.2 fb™
8 90;— no mixing, u=+200 GeV
80 i_ Excluded by LEP
700 — somim
60;_ Expected limit + 2 o \
501 NN
40 ;—, A \\\\\\\\\\\\\\\\\\\\\\\\\\\\\»
£\ 4‘__—________——" Q§§&:\
:g§ \\\\\\\\\\\\\\\\\\ \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
- 1(|)0 | I1&0I | I14"0I | I16|0I | I'|8|0I | I200
m, [GeV/c?]
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Neutral MSSM Higgs Bosons

MSSM Higgs sector described by two parameters: Ma, tanf3 (radiative corr. aside)

Exploit increased coupling to b-quarks & T leptons at high tanf3, near degeneracy
between A and H/h (“@”)

d—bb: in association with b-jet ®—TT: both with/without addl. b-jet
%1005 Tevatron Run Il Preliminary, L= 1.8-2.2 fb™ %1005 Tevatron Run Il Preliminary, L= 1.8-2.2 fb™
S 90;— m,, max, u=-200 GeV s 90;— m,, max, u=+200 GeV
80 i_ Excluded b.y I._EP 80 i_ Excluded b.y I..EP
700 S 70:- " Expacadiot
- Expected limit = 2 g Exz:z::d .IQII c20
60" 60" QA
50 O 5080\ \\\\\\\\
D) N\ 2 N
N \\\\\\\\\\\\\\\\\\\\\\\\\\\» N N\
o \\\\\ —_/ \\\\\\\\
:g?_\\\\\\\\\\\\\\\\\\\\\\\ \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ :z;\\\\\\\\\\\\\\\\\\\\\ \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
10 10
i 1(|)0I | I150I | I1l|l0I | I1(|50I | I18|OI | I200 - 1(|)0I | I1&0I | I14|10I | I1(-|30I | I18|0I | I200
m, [GeV/c?] m, [GeV/c?]

24

Wednesday, December 8, 2010 24



Charged MSSM Higgs Bosons N

Focus on t = H*b decays (heavy H — tb out of Tevatron reach):
exploited in multiple ways to search for H =TV, cs decays in tt events

—|
O

modified distribution of tt events peak in |+jets di-jet invariant
over |tjets, |+, and 1+ Thad FS mass spectrum (H — cs)

- - “'E 40—
s | DY, L=1,0 fb5’ g . DQ, L=1.0 fb' > f
: T : S %
=Z10° O =Z10° o S b )=01
] _ tt Br(t — H'b)=0.0 ] . tt Br(t — H'b)=0.0 :,é,' -
— tiBrt— H'b)=03 ] — tt Br(t — H'b)=0.3 @ 25
— ti Br(t - H'b)=0.6 1 —  Br(t - H'b)=0.6 °
background E background 2 20:—
[ s g u
10%- ¥ 10%- 3 z 151
] ] 10—
¥ i C
1 1 -
5
0 E L e o 5 8 0 05 5 e e e I | |
10+ 10+ 0 20 40 60 80 100 120 140 160 180
s 2
I+jets 1 tag ‘I+jets 2 tag | dilepton | t+lepton I+jets 1 tag ‘I+iets 2 tag | dilepton | t+lepton M(dijet) [GeV/c’]
CDF Run Il Preliminary [2.2fb'1]
[ C
S L
+T 0.5~ —@— Observed @ 95% C.L.
~~ 1 [« ; - p o
o) ] _ 1 1 Theoretically inaccessible T i M t 5% C.L.
.EI: 1 DO, L=1.0 fb g 200, Expected 95% CL limit = i SM expected @ 95% C
1 0.8 B(H' - v+ v)=1 = : Excluded 95% CL region £ 0.4 [ ]68%ofSM@95%C.L.
w | —=— Expected 95% CL limit ; i [ ] 95%ofSM@95%ClL.
N L
00 0-67| —e— Observed 95% CL limit 7 % 03f
] 100 1 L
0.4 ] g s
| ] [ -
| 1 0.2~
0.2- ‘,// 1 m,-max scenario -
| E——— ] DO, L =1.0fb" i
0’ I B ARSI ARSI B ATIN R R ST AT 0.1
80 100 120 140 16 80 9 100 110 120 130 140 150 160 B
M. [GeV] M, [GeV] i
Lll1111‘1111‘1111‘111l‘llll‘llll‘llll
%0 90 100 110 120 130 140 150 160
M(H *)[GeV/c?]
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Conclusion & Outlook

The Tevatron has been the discovery machine we all hoped it to be

© the one missing discovery is the Higgs boson...

It will remain competitive in many areas

< if an extension of the current run happens

May the LHC be equally successful in its physics endeavours!

26
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No time to discuss...

B physics:

Top quark physics:

© DD mixing, CP violation in DO KTT < of(tt), pr(tt)

© Observation & study of X(3872)

© Observation of Qp, =p, 25

Electroweak physics:

© WY, Zy production

© pt of W and Z bosons
© g(Z+b)/o(ZL+jet)

Wednesday, December 8, 2010

© WV helicity

Higgs physics:

© fourth-generation fermion effect on
Higgs boson production

© CP violating scenarios
© NMSSM (neutral/charged) Higgs bosons

© Fermiophobic Higgs bosons

& Hii‘

27
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Beyond Tree Level

Substantial corrections (e.g. to my, from top (s)quark loops)

t

hO hO 4
A(myo) = ——Q—— + =
\

’

~

t

-y

- -

© mass/coupling dependence on other SUSY parameters

Embodied in several scenarios (allowing to evade LEP bounds)

Scenario my#  no-mixing gluophobic  small ae
ti, b mixing parameter X; 2 TeV 0 -0.75TeV -1.1TeV
Higgs bilinear coupling u +200 GeV  +200 GeV  £+300 GeV 2 TeV
SU(2) gaugino mass M- 200 GeV 200 GeV 300 GeV 500 GeV
gaugino mass my 0.8 TeV 1.6 TeV 0.5 TeV 0.5 TeV
sfermion SUSY breaking parm. Mgysy 1 TeV 2 TeV 0.35 TeV 0.8 TeV

29
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Beyond Tree Level

Substantial corrections (e.g. to my, from top (s)quark loops)
t 'E 7S

,—h\ /t \
0 0 ’ \ I !
A(mz,) = @—Q——+@—4 F-- 4+ R ‘L0
/

© mass/coupling dependence on other SUSY parameters

Embodied in several scenarios (allowing to evade LEP bounds)

Scenario my#  no-mixing gluophobic  small ae
ti, b mixing parameter X; 2 TeV 0 -0.75TeV -1.1TeV
Higgs bilinear coupling u +200 GeV  +200 GeV  £+300 GeV 2 TeV
SU(2) gaugino mass M- 200 GeV 200 GeV 300 GeV 500 GeV
gaugino mass my 0.8 TeV 1.6 TeV 0.5 TeV 0.5 TeV
sfermion SUSY breaking parm. Mgysy 1 TeV 2 TeV 0. 35 TeV 0.8 TeV

tuned to between top SuPpressed suppressed
maximize mn squarks gg = h h = bb, TT J

29
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Beyond Tree Level

Substantial corrections (e.g. to my, from top (s)quark loops)
: )

t TS

PASEEN t D
0 0 ’ \ ! !
A(mpn) = ’E-Q——+’1—4 AR NP
\ /

© mass/coupling dependence on other SUSY parameters

Embodied in several scenarios (allowing to evade LEP bounds)

Scenario my'#  no-mixing | gluophobic  small ae

ti, b mixing parameter X; 2 TeV 0| -0.75TeV -1.1TeV

Higgs bilinear coupling u +200 GeV  +200 GeV | +300 GeV 2 TeV
SU(2) gaugino mass M- 200 GeV 200 GeV 300 GeV 500 GeV
gaugino mass my 0.8 TeV 1.6 TeV 0.5 TeV 0.5 TeV
sfermion SUSY breaking parm. Mgygy 1 TeV 2 TeV 0.35 TeV 0.8 TeV
\ \
tuned to between top| | suppressed | suppressed
maximize mn squarks gg—h h = bb,TT )

Main focus of Tevatron analyses

29
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MSSM Higgs Production at the Tevatron

LEP analyses focused on ZH associated production i
exclusion mainly at low tanf3

[ No Mixing |

~s
-~
-~

Excluded
by LEP

Excluded
by LEP 1

0 200 400 0 200 400
m, (GeV/c?) m, (GeV/c”)

Wy
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MSSM Higgs Production at the Tevatron

LEP analyses focused on ZH associated production L
exclusion mainly at low tanf3
Most of the Tevatron programme focuses on high tanf3 L
complementarity: different production mechanisms
104 = | | | | | | | | | | | | | 3 106§ | | | | | | | | | | | | 3
- Tevatron, Vs = 1.96 TeV —— h ] - Tevatron, Vs = 1.96 TeV —— h 3
- mhmax, tanp =5 —— H 4 o[ mhmax, tanp = 40 — H 7
" — A ] 10" & — A 3
o) ER NN
© >~ 17 © - .
3 h 4 & i
7)) ] w 10 3
7p] - 0 - =
e \\\ i e C ]
(@] \\\: (®)] - ~
S = | & 10°F -
5 === 1 B F A :
> 3 S B A 5
5 1 5 g -
o 7] o 101:— '/ \. —
Q N LN 1 < - ot \““ .
s .\,\ ..5.?\ 4 ® f\-/\-l/-?qu % A \\:;" f
.\. ...'~.§.\.\ E 0__"‘// . \ \ _
~. - \.\. .,"..',\..\.\ i 10 =qqd /.I \ \\ §
~ o~ ITsel ] - R ]
! | ! |\ T\.\'\i. ! ! .~|'..."|.\\‘ ‘IO_1 I 1 I A LS ! | | | | l
150 200 250 100 150 200
M, [GeV] M, [GeV]
(Tev4LHC WG)
30
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MSSM Higgs Production at the Tevatron

LEP analyses focused on ZH associated production i
exclusion mainly at low tanf3

Most of the Tevatron programme focuses on high tanf3 i
complementarity: different production mechanisms

4 6

10 = | | | | | | | | | | | | | 3 10 | | | | | | | | | | | | | 3
- _Tevatron =196 TeV —— h 3 Tevatron =196 TeV — h 3

- { no mixing, tanp =5 —— H 4 5 no mixing, tanp = 40 —— H

i — A 10 — A =

3 : NS -
10K 550~ E ~J 990 :
SR \\ 7 .

- ~< i 10" E

~ 3

~ - -

~ ]

T III\III|

el 1 LI
IIIII| T IIIIIII| T IIIIIII| T II//IIl T T TTTTI

® production cross section [fb]
® production cross section [fb]

‘. 2 ]

101 — \ - - 10 :-../\_’.‘ §

- IS = = - < ]

- S - CW/Z | ]

NS i A I

i N, RS i 107 1 —

B N "N ] c ,/ PR :

0 LitP h TN =, v .

1 e~ LN = R .

° - T~ ~ X \~\ '~'~\.\x . 0 iqqq) ! \\". |

- ~ . "N SRR 7 10 = 7 \ \\ 3

B ~._ ‘N s . =/ \ N =

L ~ -~ \.\ ".. ..\\ — : / tt@ . \,;" :

ST~ eSS . \ N
10-1 I I I I | I I Coo~te | I e Ty 10-1 7 1 [N | N 1 1 | I 1 1 1
100 150 200 250 100 150 200 250
M, [GeV] M, [GeV]
(Tev4LHC WG)
30
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MSSM Higgs Production at the Tevatron

LEP analyses focused on ZH associated production
exclusion mainly at low tanf3

Most of the Tevatron programme focuses on high tanf3
complementarity: different production mechanisms

Wednesday, December 8, 2010

00

mhmax scenario, u=200 GeV, tan3=3

m (GeV),

250
200

150

100

II|III|lll|III|III|III|III|III|II

100 120 140 160 180 200 220 240
m, (GeV)

30

300

200

100

250

150

mhmax scenario, u=200 GeV, tan3=30

100 120 140 160 180 200 220 240
m, (GeV)
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Il 2
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MSSM Higgs Production at the Tevatron

LEP analyses focused on ZH associated production
exclusion mainly at low tanf3

Most of the Tevatron programme focuses on high tanf3
complementarity: different production mechanisms

00 300
nomixing scenario, u=200 GeV, tanf=3 i nomixing scenario, u=200 GeV, tan3=30

m (GeVd

250 250

200

200

150 150

100 100

_I|III|III|III|III|III|III|III|II ;IlllllllI|III|IIIIIIIIIIIIIII|II

100 120 140 160 180 200 220 240 100 120 140 160 180 200 220 240
m, (GeV) m, (GeV)
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MSSM Higgs Production at the Tevatron

LEP analyses focused on ZH associated production i
exclusion mainly at low tanf3

Most of the Tevatron programme focuses on high tanf3 i
complementarity: different production mechanisms

General feature:
© masses, production cross sections for A, h/H very similar m “®”

© production of “other CP-even boson (H/h) ~ negligible

30
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MSSM Higgs Production at the Tevatron

LEP analyses focused on ZH associated production i
exclusion mainly at low tanf3

Most of the Tevatron programme focuses on high tanf3 i
complementarity: different production mechanisms

General feature:
© masses, production cross sections for A, h/H very similar m “®”

© production of “other CP-even boson (H/h) ~ negligible

Analyses don’t attempt to identify individual Higgs
bosons, but look for an overall excess instead

30
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Branching ratio
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M,,=100 GeV

H* decays to
™

—CS

—1tb

— W*h°
W+A°

c=s:: BR(t— H'b)
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NMSSM Higgs Phenomenology

NMSSM: adds one gauge singlet superfield
< preserves p=|

© SSB: replaces p (MSSM) with dimensionless coupling constant

Higgs sector:
© additional CP-odd (a) and CP-even (h) Higgs boson

Allows for Higgs loophole at LEP:
© SM-like h (within LEP kinematic reach), decaying mostly as h — aa

© M, <2mp:a = TT, gg, cC
m only looked for by OPAL in MSSM context

© |imited to my < 86 GeV

32
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NMSSM: Charged Higgs Boson o

CDF analysis (2.7 fb-1): search in |+jets sample Charged CP.odd neutral higgs

Higgs mass<2mb
(regular tt event w/ extra T*T pair) frim —— T
S . i
© soft T's m identify through add’l isolated track
© backgrounds: gw—vamn

< underlying event (universal pt spectrum, check in [+1/2jet events)

© 7/y*+jets (| lepton missed or from T decay)

. Pre-Tag Lepton + 1 Jet Events Pre-Tag Lepton + 2 Jet Events
10 E T | I I I | I I I | | I I | I | I | I | | | | | | | T T T I T T E E I | I T T | T I | | | | | | I | I | I I I | | | I | I I I E
- CDF Run Il Preliminary, L=2.7fb" —|— Data . - CDF Run Il Preliminary, L=2.7fb" _I_ Data ]
N Z/y*+Jet i T Z/y*+Jets |
10" = . = 10°E — =
s F _|E|: Top and Diboson s F Top and Diboson -
o L - 1 6 F .
2103 B Underlying Event__ 50 | Underlying Event -
2 ER L L—E E
c — 4 < = -
g B |_E=|_I——" 7] d>, : _|_ 1 :
1] — " . — B — ; ]
102 = = — _|_—
- . 105 =
_ Fit 0, . of 1.00=0.03 times Z/y*—Il measurement | | - Fit 0, . of 1.03:0.07 times Z/y *—II measurement ‘ n
| | | | | | 1 1 1 | l l l | l l l | l l l | l l l | | | | ‘1 1 | | | | | | | | | | | | | | | | | | | | | | | | | | I:'fl [

4 6 8 10 12 14 16 18 20 4 6 8 10 12 14 16 18 20
Lead Track P (GeV/c) Lead Track P, (GeV/c)
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NMSSM: Charged Higgs Boson o

CDF analysis (2.7 fb-1): search in |+jets sample Charged  CP.odd neutral higgs

Higgs mass < 2m,
(regular tt event w/ extra T*T pair) o T

SM top H-l-—V A \‘17
© soft T's " identify through add’l isolated track

'S W

SM W Boson

© backgrounds:

< underlying event (universal pt spectrum, check in [+1/2jet events)

© 7/y*+jets (| lepton missed or from T decay)

BR(t—H*b)=0.11
—|— D
BR(A—17)=1 ata
BR(H*—W=*A)=1
- Signal, m(H*)=90, m(A)=9 GeV/c?

SM Boson Daughter Tracks

- Underlying Event

CDF Run Il Preliminary, L=2.7fb"

A
(=)

Y
o

Fit as function of both m, and M

© UE normalisation inferred from b-
tagged 3-jet data

© signal shown at exclusion level

Events Per GeV/c
w
o

N
o

-t
(=)

072 6 8 10 12 14 16 18 20
Lead Track P (GeV/c)
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NMSSM: Charged Higgs Boson o

CDF analysis (2.7 fb-1): search in |+jets sample Charged  CP.odd neutral higgs

(regular tt event w/ extra T T" pair)

© soft T's m identify through add’l isolated track

© backgrounds:

Higgs mass < 2m,
~100GeV

W

SM W Boson

< underlying event (universal pt spectrum, check in [+1/2jet events)

© 7/y*+jets (| lepton missed or from T decay)

Fit as function of both m, and M

© UE normalisation inferred from b-
tagged 3-jet data

© signal shown at exclusion level

50 BR(t—>Hb)=0.19 | Data
BR(A—t7)=1

BR(H*—W=*A)=1
40 - Signal, m(H*)=140, m(A)=7 GeV/c®
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NMSSM: Charged Higgs Boson

CDF analysis (2.7 fb-1): search in I+jets sample
(regular tt event w/ extra T*T pair)

© soft T's m identify through add’l isolated track

© backgrounds:

new

Charged CP.odd neutral higgs
Higgs mass < 2m,,

~10090V A _.——-—"“‘"t*
@~ —e

o
W

SM W Boson

< underlying event (universal pt spectrum, check in [+1/2jet events)

© 7/y*+jets (| lepton missed or from T decay)
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95% CL Exclusion for t—=H'b—W-*Ab

BR(A—t%)=1
BR(H:—>W=*A)=1

m(A)=4 GeV/c? — Expected A Observed

m(A)=7 GeV/c? — Expected V Observed

m(A)=8 GeV/c?> — Expected * Observed

m(A)=9 GeV/c?> — Expected @ Observed
.
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ICDF RunI ] Preliminary, L=2|.7fb'1
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NMSSM: Neutral Higgs Boson

| (b) DQ, 4.2 fb’

=% M,=3 GeV
- M,=1 GeV
o |\/|a=_?5 GeV
- M,=.2143 GeV

00.5115225335

\/m,(u,track) (GeV)
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© tight (U+track)
isolation criteria

< efficiency for collinear
tracks from Ks

published

o(pp — h+ X)-B(h— aa)- B(a— u*pn~)* < 10fb
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NMSSM: Neutral Higgs Boson p—

DO analysis (4.2 fb''): search for gg = h — aa, witha = P*uU/T*T-in
inclusive dimuon events (pt > 10 GeV)

© 2my < ma < 2ms: muons too collinear to be reconstructed separately =
association with track (R < |) only (NB: BF uncertain)

© m, > 2mr (WU TT): reconstruct a = U'J- candidates explicitly

< use of muons " |ow efficiency

= ol ]
G — Data D@, 4.2 fb”
18- Background
o o _
;1'6; — Signals
%1'45_ H ® collimated T not
i 1-21 i individually identified:
0 8_ m ET / H [ e
0.65— © background estimated
0'4 L) from low-Hr region
0, othilik. TR ol PR R R i
0 10 12 14 16 18 20

Dimuon mass (GeV)
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NMSSM: Neutral Higgs Boson published

DO analysis (4.2 fb''): search for gg = h — aa, witha = P*uU/T*T-in
inclusive dimuon events (pt > 10 GeV)

© 2my < ma < 2ms: muons too collinear to be reconstructed separately =
association with track (R < |) only (NB: BF uncertain)

© m, > 2mr (WU TT): reconstruct a = U'J- candidates explicitly

& "~~~ P AT G PRGNSR o o-B
T 4 310p
—-QObserved limit D@, 4.2fb" 2 4/
2 _ it ’§8
Ly
6
X5
= 9|
1 4
Q|
£ 3\
mh = 100 GeV | ©
1 A .................... .................... .................... ........... (a) ...... 1 ;% | | A | |
o) S I I B P B T I R N R EP N s
4 6 8 10 12 14 16 18 %O 100 120 140 160 180 200
M, (GeV) M, (GeV)
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