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Standard Model

No, not really!

¢ Neutrino Mass

e Dark matter

e Dark energy

e not beautiful enough?
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Standard Model

¥ il
i

Attack #1: flavour sector

* B, mixing: Am_/Am,

e Rare decays: B, =, etc.
e B lifetime: AI'/T

1

e CP violation: B.—~¢¢ r
- e masses and lifetimes: HQE -'J-‘H i 3 _
*V,, (single top) R
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Standard Model

¥ il
i

Attack #1: flavour sector
* B, mixing: Am_/Am,
e Rare decays: B, =, etc.
e B lifetime: AI'/T
* CP violation: B,—¢¢

1

E

Attack #2: QCD
* jet cross section

 HQ production: t, b, ¢
* proton structure

e diffraction

e Underlying event
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Standard Model

-
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Attack #1: flavour sector

* B, mixing: Am/Am,

e Rare decays: B, =, etc.

e B lifetime: AI'/T

* CP violation: B,—¢¢ N

e masses and lifetimes: HQE 1:'1 s
*V,, (single top) e

l‘.

Attack #2: QCD
* jet cross section

 HQ production: t, b, ¢
* proton structure

e diffraction

e Underlying event

oy 145G5-Phato higHarmy Iﬁ:#l:l'il'.'l-'l, I-.h':;'1

Attack #3: electroweak sector + top
* W mass and width

* top mass

* Trilinear gauge couplings

e Higgs boson

e top quark decay

* top quark charge, spin

|
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Standard Model

Attack #1: flavour sector HE Attack #4:new physics searches
{° SUSY:: trileptons+squarks

* e gauge sector: Z, W’
e extra dimensions

* B, mixing: Am_/Am,
e Rare decays: B, =, etc.
e B lifetime: AI'/T°

. Cp violation: B.—>¢¢ | j e compositeness: b’, t’, leptoquarks
- e masses and lifetimes: HQE = "l * substructure
S *V, (single top) " «NonSM nggs bosons

Attack #2: QCD
e jet cross section Attack #3: electroweak sector + top

e HQ production: t, b, ¢ * W mass and width
e proton structure * top mass

e diffraction * Trilinear gauge couplings
e Underlying event " * Higgs boson
- * top quark decay
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Will we break the Standard Model?




Attack with Luminosity

VLAt (fb))
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Attack with Luminosity

9/29/03
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Flavour Sector
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B°- B2 mixing: Motivation
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* Measure side of unitarity triangle: Am/Am,

— CKM fit: Am_ =18.9+1.7 ps-'

— Observation will significantly shrink allowed region
e New physics:

— 30 if Am>31 ps-

— 50 if Am>38 ps-'

6/25/2004
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B.- B? mixing: Present

N(t)unmix - N(t)mixed

F. _t 't . ] Anix(t) = N N = Dcos(Am -t)
o . unmix mixed
Ir'ST measurements In Spring. 00 el ety
- CDF: Ams>7.9 pS_1 é .§_+datai1ﬁ e =~
E | cf[didatat 1.6450 (stat) =5

E[jdata+ 1.6450

- D0: Am>5.0 ps™ [ty -
— World: Am_>14.5 ps-’ 5{{”” -----------------------------

¢ New measurements

g 95% CL limit: 5.0ps'1 ] 5.2;:15.'1 [stat. only)
2 E--a--sansitivity: 4.Eps'1 —o— 5.1 ps'1 (stat. only)

expected soon

’ amg s
® Ma|n Cha”engeS CDF Run Il Preliminary L~355pb"
| oo s
— Flavour at production: ¢D? | mea o w | H M‘
o data = 1.645 o (stat. on.lg,:) l ' il
— Vertex resolution NP T L
- - aai A Ld
— Trigger bandwidth 2
-4 Semileptonic+Hadronic Combined

0 5 10 15 20
6/25/2004 Am,[ps] #



B. mixing: Future Discovery

e CDF assume:

— Flavour tagging:

—30
¢ Add same-side kaon tagger %
o :D?=1.6% + 3% 520
— Vertex resolution: cument World it ?0'
e Improve by 20% i
— Trigger bandwidth: °
e Utilize 50% of CDF data N

New physics at 30

Tevatron Projection

e D@ expect similar sensitivity:
— Install Silicon LO

® improve vertex resolution

— Upgrade L3 trigger bandwidth

6/25/2004

50 Observation:
L=2 fb-!: Am_<15 ps-!
L=8 fb-1: Am_<22 ps-1

95% CL exclusion

Tagging: add kaon tag, € D°=3%

Vertex Res.: 20% improvement

2 4 6
Luminosity [fb"]
Tevatron Projection

N
o

—
o

Sensitivity, Am, [ps'1]

50 observation
CDF & DO combined

CDF tagging: add kaon tag, €D’= 3%
CDF vertex res.: 20% improvement

CDF/DO: Similar sensitivity

2 4 6
Delivered luminosity/expt. [fb '1]

P2I0AES 1} INHD
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Rare Decay: B,—utu~

e SM rate heavily suppressed: b MSSM u*

BR(B, = u"u’)=(3.5+£0.9)x10"
(Buchalla & Buras, Misiak & Urban)

e SUSY rate may be enhanced: «tan®p
(Babu, Kolda: hep-ph/9909476+ many more)

e Results at 90% C.L.: Healthy
Competition!
1. CDF (L=171 pb"): BR < 5.8 x 10”7
2. DO (L=240 pb"): BR < 4.1 x 107
3. DO (L=300 pb"): BR<3.0x 107
4. CDF (L=364 pb): BR < 1.6 x 107

e New Combined CDF + DO result: BR<1.2x107 @ 90% C.L.

6/25/2004 16



Future of B,—utu-

e \We get smarter with time, too:

— One year old CDW“—
L=500 pb! was S r
e BR<2.5 x 1077 at 90% C.L. 220 CDF Projection
— Sensitivity with new CDF analysis E 15:_.! BR(B.—'W)
projection for L=M CCCCCCCC i cor s
e BR<1.6x107af90% C.L S of -
e Extrapolate based on current 8 L\ e BRI b e
analysis (optimized for 1 fb-) g s |
e Assume background scales e T
0

linearly with luminosity 2 4 6 8
e Will want to re-optimize the Integrated Luminosity (fb )
analysis for L > 2 fb-"

e DO estimate similar sensitivity

Single experiment sensitivity:
o | =2 fb-: BR<6 x 10° @ 90% C.L.
6/25/2004 * L:8 fb_1: BR<2 X 10_8 @ 90% CL




Implications on models: B,—uu

e Sensitivity at high tanf E:g_isﬁlgggglggéNierste, Richardson,

and low my &) Mo=150, 49=0, £>0, my—175 Gey

R. Dermisek et al.,
hep-ph/0304101

m,,=3 TeV, m,=500 GeV
T AN I S S IR ) PN S

40

2 <
) BR(Bourw) : [} \ Y Rg, *
A l = 1 5
A -
Bx 107 20
=
S
3
10
a
1040 140 aGd AR 300 3940 400

le.-“g [G—Ev]
6/25/_. . I



Implications on models: B,—uu

e BR<2x10-8 restricts allowed (Dedes et al., hep-ph/0207026)
parameter space a) Mg=150, 40-0, p>0, m—175 GeV

&0
e depends strongly on model

parameters R. Dermisek et al.
hep-ph/0304101

m,.=3 TeV, m,=500 GeV

40

20

tangf

ad

w (GeV)

10

1040 140 s 2o 300 350 4100
leg[ﬂﬂv]

M, . (GeV)

6/25/co .



EWK Symmetry Breaking



W, top and Higgs

¢ \W mass, top mass and Higgs mass

related via loop corrections °T. '

* Precise knowledge of M,, and m,, 1 N Rumaenee o
allows us to constrain SM Higgs 4 B
boson mass: S 4 1
— Run | Average: m,,,=178.0+-4.3 GeV =

e m,<280 GeV at 95%C.L. 27 i
— New prel. Average: m,,,=174.3+-3.4 GeV 1- .
* m,<208 GeV at 95%C.L. . | Excluded \ -
e \ery sensitive: 30 100 50¢

— 4 GeV top mass shift my, [GeV]

— => 72 GeV shift in Higgs mass limit

6/25/2004 21



e Using W mass constraint jets from W decay:

Top Quark Mass

— Template fit of top mass:

e CDF Run Il 173.2f%‘_%(stat.)i3.4(SySZ.)GeV/02

— Matrix element method:

e DORun: 180.1+3.6(stat.)£3.9(syst.)GeV / c? § 'f

e |argest systematic uncertainty:
— Jet energy scale

— Will dominate even more at higher luminosity

x)

-In(L/L,

6/25/2004

Log-likelihood vs top mass: Combined sample

E £
- 08F

~ L
-1 06

0.4F

0.2

I RS U B
175 180 185

190

195

Top quark mass (GeV/c?)

Top Mass: Systematic Uncertainties

8

-

-

5

4

3

9

1} CDF Run Il Preliminary

"0 o0 T o0 a0 200 710
Top mass (GeVlc')

Source CDF(GeV/c?) | D@(GeV/c?)
Jet Energy Scale 3.1 3.3
B-jet energy 0.6 Incl. in Jet
Background 1.0 1.0
MC modelling 0.8 1.1
other 0.5 1.4
Total Syst. Unc. 3.4 3.9

22



Top Mass: Present and Future

CDF Run Il Preliminary (318 pb™)

e New world’s best result:
m, =173.57 (stat.) + 2.5(JES) = 1.7 (syst.) GeV/c®
— Combined fit for m,,, and JES

— JES becomes statistical problem!

— New Run Il measurement is better than Run |
combined CDF+DO

— DO will soon have result using same technique

e Projection for 2 fb™

— Assume: JES: 1.4 GeV, other: 1.7 GeV
— Am(top) = 1.4 ® 1.7 GeV/c2?2 = 2.2 GeV/c?

2 fb-1:Am(top)< +2.5 GeV /c? per experiment
8 fb-:Am(top)< +2.0 GeV /c2 per experiment

6/25/2004

|
JES Unc(rtainty (GeVic?)

o

JES (o)

N,

3 [ | S
160 165 170 175 180 185

M, (Gevic)

Jet Energy Scale from W—jj

w

2%}
(5, B lﬂliNIU'll LTI T

-

=]

CDF Run Il Preliminary

1" Systematic Uncertainty
op
from W—ijj Energy Scale Only

Today with 3% prior on JES

IN(L/Las)



W Boson Mass: Status

CDF Run Il prel. L=200 pb-' | DO Run I: L=82 pb-"
W—ev W—uv W—ev nature

Statistics 45 50 60 | Stat.
Lepton scale+res. 70 30 59 | Stat.
Recoil 50 50 37 | Stat.
background 20 20 9 | Stat.
Production+Decay 30 30 23 | Theo.
total 105 85 84
Comb. e+u 76 MeV 84 MeV

e Most uncertainties scale with statistics: VL

e Production and Decay model being improved:

— W charge asymmetry and p.(Z) spectrum constrain proton
structure and p(W)

— Decay: 2-photon radiation calculation (U. Baur)
— Production: new improved version of ResBos

— Expect to improve uncertainty to <20 MeV
6/25/2004



300 — I | 0
— ® DORunia(e) Single Experiment Sensitivity _
250 —
S .
= 200— —]
g — CDF Run1a (e+m) _
3 150 — —]
s E - |8 1b!
S 100 DO Run1 (e) B
; - CDF Run1 (e+m) ] /
sol_ CDF/DO0 TDR (e+m) 7
- 30MeVsystlimit ~ TTTRveoee
ob 206y systiimit T T R
02 3 4
¢ Assume 10 .llntegrated Luminosity {}p.lhc:: 10
— constant theo. uncertainty of 20-30 MeV 7 fh-!

— other errors scale with VL
e Good model of data so far! Agrees with Run || TDR

e Single experiment errors:
— L=2 fb-1: dm,,=25-35 MeV (with LEP2: dm,,=21-27 MeV)
— L=8 fb-1: dm,,=20-30 MeV (with LEP2: dm,,=18-24 MeV)

6/25/2004
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Implications for Higgs and SUSY

New very preliminary top mass (D0+CDF): 174.3+3.4 GeV

e Present: A
Am — 3 4 Gev 80.70 __ experimental errors 68% CL:
A top 34 MeV [ LEP2/Tevatron (today)
° my,, = e
W

80.60

80.50

M, [GeV]

80.40

80.30
SM L

MSSM
both models

80.20

Heinemeyer. Weiglein ‘05 7
e b e s b e e b b e Iy s e

160 165 170 175 180 185 190
m, [GeV]
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Implications for Higgs and SUSY

New very preliminary top mass (D0+CDF): 174.3+3.4 GeV

e Present:

Am,,, = 3.4 GeV 80.70

.« Amy, =34 MeV

e Definitely: oL
Amt°p =2 GeV > 80.50 -
=

80.40

80.30

80.20

T | T T T T | T T T T | T T I T
__experimental errors 68% CL:

LEP2/Tevatron (today)

_ —— Tevatron (future)

SM E
MSSM
both model

Heinemeyer. Weiglein 05 7
PN T N T TN TN T N T T T T T T N Y T T T T T

160 165 170 175 180 185 180

6/25/2004

m, [GeV]
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Implications for Higgs and SUSY

New very preliminary top mass (D0+CDF): 174.3+3.4 GeV

e Present: A
Am — 3 4 Gev 80.70 __ experimental errors 68% CL:
A top 34 MeV [ LEP2/Tevatron (today)
° my,, = e
W

¢ Definitely:
Am,, = 2 GeV

80.60

80.50

M, [GeV]

80.4

80.3 |
SM [

MSSME
both models [

80.2

Heinemeyer. Weiglein ‘05 7
e b e s b e e b b e Iy s e

160 165 170 175 180 185 190

m, [GeV]
Can the Standard Model work?
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Direct Higgs Search

LT ISU.SYII:Iiggls W::rks.lmp-
100} Higgs Sensitivity ("98-'99) r
- Study ('03)
[ statistical power only
L (no systematics)
Tevatron
10 B == = = = - - =4 8fb!
[ -F) ]
=
= [l | || /11| | L
il Sc| discovery Tevatron
1¢ =@ 3c evidence ; 2 fb-1
PRELIMINARY 95% CL exclusion]
80 100 120 140 160 180 200
my (GeV)

* Exclude m,<120 GeV/c? with 2 fb-!

 Exclude m,<135 GeV/c? and m,;=155-175 GeV/c? with 8 fb-1
— Severely constrains SUSY! => Big impact on search strategies at LHC
e 3o evidence for m, ;<125 GeV/c? with 8 fb-1

6/25/2004 29



Latest Results from CDF and DY

CDF Run Il Preliminary (319 pb'1)

N
> L =382 pb’ D@ Preliminary 2 5l
> L . . > 50 S, T
® D@ Run Il Preliminary L) + 2 b-tagged jets (ay e Data ) W+2jets (=1 b-tag)
8 . —e— DATA o W + jets ) Data
= 10 [ zizizob ﬁ EQC Q sl ——
ﬂ E ‘:l Wi/WJ/Wbb 0N ; —— Background
r el A
§ B - QCD generic E 'E S&S Background Error
w 1 — = i:;szn;gle top lﬁ :>j 30+ - WEH x 10 (my, = 115 GeVic?)
E [ 7+ WH M, =115 GeV Mean = 98.87 + 0.2 GeV/c®
- 20l Width = 17.0+ 0.2 GeV/c®
10 ¥?ndf = 18.58 1 14
; KS Test = 0.59
i 10
102
50 100 150 200 250 300
M, (GeV) 0 50 100 150 200 250 300 0 : e AT
Duet Mass (Gev) 0 50 100 150 200 250 300 350 400 450 500

\ Dljet Mass (GeV/c?)
CDF Run Il Preliminary, L;,. = 200 pb’

_51 05 D@ Run Il Preliminary
N My, = 160 GeV « DATA
A o — o @z eu
%5 af |[— 10 x H - Ww ™10° @ Diboson
356 wWw o CJQCD,W+jet/y
TE WZ+22+DY Y (Jtt
3;_ + it + fakes ﬂ 10 E]nggs 160 Ge\:l/ CDF and D@
250 c
2 S started the hunt!
1.52_ |-u.|0-
1
0.5
o__l_l_l_l__'_' 20 10

L=
=]
a
Y
-y
L]
(5]
]
a

AD 30



Current Higgs Search Results

DO:

— WH->Ilvbb

- ZH->vvbb

- WW->[lvv
CDF:

— WH->Ilvbb

- WW->[lvv

- WWW->[#= + X

e (Cross section limits

6/25/2004

about 20 times larger
than SM prediction

Cross-Section X Br (pb)

5]

—_

=

10

Tevatron Run II Preliminary

LT ] LN AL L N U N N N N Y I N O Y I B B B |

EH% bb
. uﬂﬁlpb‘ H—WW' —:rl'n[l'qr
"'h'"\—-._____,_ cin” 1S40
_ﬁ—?
H“.Ha-:wbb At \H—}““ alwlw
WH—Whb Howw ]
-1 ]
E —— DO Limit E
— —— (CDF Limit
- _— SI'»[ F'Ledh:n Dl‘l
B 1 I L1 1 1 I 1 1 1 I 11 1 1 I L 1 e, 0™l 11 1 11 1 1 1 I 1 1

110 120 130 140 150 llf:uD ITD IED

m,, (GeV)

J. Ellis, ICHEP’04:

“Tevatron are closing in on the Higgs. So, if I were
CERN director I would get LHC going asap.”
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SM Higgs: How are we doing?

Comparison of Sensitivity: S/VB

DO Run 2 | HSWG (w/o NN) | ratio
WH— Ivbb (L=380 pb-1) 0.077 0.13 1.7
ZH/WH — vvbb (L=261 pb-) 0.055 0.20 3.6
H -WW (L=300 pb) 0.12 0.23 1.9
e m =115 GeV/c?: e m,=160 GeV/c?:
— Within factor of 2-3 of — Within factor of 2
HSWG prediction! compared to HSWG
* Improve b-tagging e Improve by reducing
* |Improve lepton acceptance WW background
e |Improve mass resolution kKinematically
e Optimise selection e NN

e Use NN => x1.6

Not so badly compared to “ultimate performance”
assumed by HSWG

6/25/2004



Beyond the SM



Higgs: A/H/h—bb and A/H/h—tt

e Supersymmetry (MSSM):

— 2 Higgs doublets => 5 Higgs bosons: h, H, A, H
e High tanf:

Tevatron, /s = 1.96 TeV, MSSM, tanp=30

(pb)

105> .

H O

10

— A degenerate in mass with h or H
— Cross sections enhanced with tan®f due to
enhanced coupling to down-type quarks
— Decay into either Tt or bb: " oo o mw
e BR(A —t1) ~ 10%, BR(A— bb) ~ 90%

e Exact values depend on SUSY parameter space
e Experimentally:
— pp — Ab+X — bbb+X
- pp = A+X — 1T +X

e Depending on radiative corrections in
SUSY different parameter space is covered

+C. Balazs, J.L.Diaz-Cruz, H.J.He, T.Tait and C.P. Yuan, PRD 59, 055016 (1999)
*M.Carena, S.Mrenna and C.Wagner, PRD 60, 075010 (1999)
6/25/2004 °*M.Carena, S.Mrenna and C.Wagner, PRD 62, 055008 (2000)




MSSM Higgs: Current Results

pp — bA+X—bbb+X (DOQ) MSSM Higgs—t Search, CDF Run Ii Preliminary, 310 pb

100 —

M, = 200 GeV
My, = 1 TeV

— Best sensitivity for u<0 i \ " u<0
— Lower sensitivity for u>0 08 no mixing
Pp — A+X— tt+X (CDF) @ 60 U = 200 GeV

— Sensitive for u>0 and u<0, best for u>0 5
— Slight excess at 130 GeV/c? “weakens

limit” 20 B8
I i T ._L._ ;:_':' R e e
Nice compllemer.ltarlty of two channels 0 e
— Interactions with theorists to probe SUSY m, (GeVi/c?)
parameter space better o MSSM Higs—zc Search, tanf Exclusion
— Define scenarios suitable for hadron Fong. (C 0
colliders 80 | w>
Triggering for both channels challenging ¢ © e g
c M, = 200 GeV
S M. o, =1 TeV (m )
40 | M, o, =2 TeV (no-mix)
‘ X, = V6 Mg, (™)
X=0 (no-mix)
20 m; = 0.8 My,

m, (GeVi/c?)



MSSM Higgs Search: Future

M;SSM f-ﬂggs bosons MSSM Higgs—tt Search, tanp Exclusion
bbd(— bb), o = h, H A 100

no mixing

.. a0 -
] No mixing : nax
[ Max. mixing [ "
1 b~ .60 B
5 - —1
2o~ i - tan |3| =40 ~ Mhop/ My —11b _
—14f™ a0 = -—21b
8o~ [ \_//_,;’,/// g
|- ___________________-- _ —1
20 | — 8 fb
LEP 2 no mixing
0 | 1 |

| L | 1 L
80 100 120 140 160 180 200 220 240
m, (GeV/c?)

e Sensitivity for DO and CDF data combined
e probe values down to tanf=20 for m,~140 GeV/c2

* tanp=40~m,,,/m, reached for m,<240 GeV/c?
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MSSM Higgs:
Evidence/Discovery?

8fb-l/exp. /

h/A/H ->11T
discovery thresholds

Discovery possible for tanf>40!
6/25/2004 37



SUSY Trileptons

e MSUGRA:

— SUSY broken at GUT scale
— Neutralino x°, LSP

e Trilepton Signature

— Chargino-neutralino production
— Low SM backgrounds

e Current D@ analysis:
— 21 (l=e,u,t) + isolated track or u*u*
— F/+topological cuts
— Analysis most sensitive at low tanf
— BG expectation: 2.9+0.8 events
— Observed: 3 events

6/25/2004

102

T T T I T T T T
D@, 320 pb'
Preliminary
eel-selection

- - Evenis/2 GeV
Q o =
[} N -t o

—h
<
w

e Data
z/y
QCD
BOW +jet /vy

it

CISuUSY signal __

WWWz,zz 7

L P R T
30

40

pireck (GeV)
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Trileptons: Present and Future

e Current result: oxBR<0.2-0.3 pb

— 3l-max scenario:
e Sleptons light
e Optimistic mMSUGRA
Large m, scenario:
e Sleptons heavy
e Pessimistic mSUGRA

— Current data probe optimistic

scenario

e Future:
— Cross section limit 0.05-0.01 pb
Probe chargino masses up to 150-

240 GeV/c?

e LSP masses: 75-120 GeV/c?

6/25/2004

o
[-;]
TT T

e
o
T

olxyx3) x BR(3I) (pb)
o

=
LI L

“u
"+, tanji=3, u>0, no slepton mixing
‘w

. -1 ]
Search for ;y3 = 3l+X D@, 320 pb
Wiz}~ ME) = 2M(); Mislepton) >MiY)  Preliminary

—— QObserved Limit
Expected Limit

lI]lIJlI]lIJlIJlIJ

A1l

0500 405410 415 420 425 130 135 140
Chargino Mass (GeV)

) L L L E L L IR B
o —+__0

g Search for 3, = 3l+X
ﬁ1::)" % R 0 0

g MGz, )=MGeo)=2MCz,): M{)=M(z,)

X tanp=3, 1=0, no slepton mixing
RONP

CIN

2.0 fb" \

. N L e
140 160 180 200 220 240

Chargino Mass (GeV)
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And so much morellll

. 2,
Search For Second Scalar Leptoquark Neutralino Mass (GeV/c")
1 oI T o 80 90 100 110 120 [ ]
E CDF Run 2 Preliminary T T ] T T T DO Run IL, 275 pﬁl E | —e Dg 230 pb (a)
i ; s
09 ojeptonscominsa | 70434511 1} CDF 202 pb” GMSB v+, - o Data ¢ 80- ---s-channel (x10)
——n L - _ _ _ p — . + —
08 Otepton: WET, ot 86225411 —~ [ D@ 263 pb M=2A, N=1, tanp=15, u>0 ] ;i:'aéa B::;g:::d w r #
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R H—

e Tevatron experiments attack the Standard
Model from many sides:
— Flavour sector
— Strong interaction
— Electroweak and Higgs sector
— New physics
~ o New Projections from DO and CDF are basedon |
full Run Il analyses: |
— More reliable than pre-Run |l projections
— Competition between CDF and DO helps
— We are getting smarter with time!

e

e Pursuing many analyses since we don’t know
what is there to be discovered! s
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EE USGS Photo by Harry Glicken, September 10, 1980




S Ldt =2 fbT JLdt = 8 b
B, mixing: 95% C.L. excl. Am>27 ps Am>35 ps-
B, mixing: 50 obs. Am.<15 psT Am <23 ps
B,—uu: 95% C.L. excl. / expt. BR<6x 108 BR<2 x 108
W mass uncertaintity / expt. 25-35 MeV 20-30 MeV
Top mass uncertainty / expt. 1.7-2.2 GeV 1.2-1.8 GeV

my: 95% C.L. excl.

>120 GeV/c?

>135 GeV/c?

my: 3o obs.

<125 GeV/c?

MSSM A: u<0: 95% C.L. excl. tanp<40 tanp<30
MSSM A: u>0: 95% C.L. excl. tanp<25 tanp<20
MSSM A: u>0: 50 obs. tanp<60 tanf<40

Trileptons: m(y*) excl. @95% C.L.

120-210 GeV/c?

150-250 GeV/c?
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Implications for Higgs and SUSY

New top mass (DO+CDF): 174.3 £ 3.4 GeV

e Present:
Am,, = 3.4 GeV
e Am, =34 MeV
¢ Definitely:
Am,,, = 2 GeV
e Am, =30 MeV

e LHC:
Am,,, =1 GeV
.+ Am,, =20 MeV

e |ILC:
Am,,, = 0.1 GeV
.« Am, =10 MeV

6/25/2004

M, [GeV]

80.70

80.60

80.50

80.40

80.30

80.20

I | I I I I | I T I I | I I |
__ experimental errors 68% CL:

LEP2/Tevatron (today)
= Tevatron (future)
= |HC
ILC/GigaZ

SM
MSSM
both models

Heinemeyer, Weiglein ‘05 7
e e e e s P e Py e e e e by g g

160 165 170 175 180 185 190

m, [GeV]
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Run I Combination / Sensitivities

[
o
[ ]

1 1 I 1 1 1 1 I 1 1 1 ]
93% C.L. upper linuts 3

-
"‘-I—..- —
—
—._._‘_._‘-l
T T T T T e MmN g et e e e e
[ -

[
o
'

]

combined
*EdFEE {_I-bE
e 1y

-  LEP EXCLUDED

[a—
|
|

Measured [expected) upper limits (ph)
‘ Mp = "Jl} 110 Mg = 130

Channel

T~ hh ERG (3R] 31R 23.8 (25)
vizhb (ST 208 (30) 208 18.4 (17)
virbb (DT 104 (17) 2.0 (12)
vir bb (ST+DT) 7.6 (13) 74 (8.8)
fu bb (ST 0.0 (18 276 (12)
v bb (DT) 24.2 (18)
fvbb (ST4+DT) 21.6 (9.0)
g’ kb 17.8 (29)
All eombined 6.6 (4.7)

a(pp = VH") x BR(H" — bb) (pb)

R T R ST R ¥
Higgs Mass {Gf:’w-n:lj
PRL - hep-ex/0503039
from G. Bernardi
6/25/2004

Expected "sensitivity” similar for WH and ZH
1 channels (@ m,=110 GeV >limit of
| 106 pb! e+mu, SingleTag+DoubleTag)

for

Combination of all channels allows to go from
in a single channel (WH-DT) down to

Run II vs Run I:expected limit

for WH-DT instead of 19 pb @CDF-Run I, with
equivalent lumi (174 pb! e-chan. vs. 106 pb! e+mu-chan.)
- For WH-ST, expected limit

vs. 15 pb @ CDF-RunI = PROGRESS




SM Higgs: Detailed Comparison

6/25/2004

WH—evbb: L=380 pb-' vvbb (ZH): L=280 pb-'
DO Run 2 | HSWG | ratio DO Run 2 | HSWG | ratio
S 0.12 0.33 0.36 S 0.082 1.0 0.08
B 2.37 576 |0.41 B 2.19 24 0.09
S/NB |0.077 0.13 0.56 S/NB | 0.055 0.20 0.275
WW—lvlv: L=300 pb-’ ,
DO Run 2 | HSWG | ratio Low maSS.nggS :
* Need to increase signal and
S 0.55 0.5 1.1 background
B 17.7 4.4 4.0 High mass Higgs
S/B |0.12 023 0.5 e Need to reduce background
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Assumptions for MSSM Higgs

bA+X—bbb+X A+X— tt+X
e Systematic error reduced  ® 30% sensitivity
from 21% to 10% improvement due to

— addition of more channels
— Improved mass
reconstruction
¢ Tau momentum scale
error reduced

e Gluon parton density
function:

— Improved knowledge when
4 fb1 are collected

e B-tagging efficiency
increased from 30% to
40%
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Light Stop Quark

e Baryogenesis prefers stop [Carena, Quiros, Wagner, 1998]

quark and Higgs boson to be
light )
~ m(H)<117 GeV/c2
— m(t)<165 GeV/c2

e (Good discovery reach at the DUDDDOIIEE
Tevatron:

S0
- t1—
EJ X C i 95% Confidence Level Contour 110 Stop in the Dilepton Channel, t — | ¥ b
— t —_ I% éw 7 BR(aTop —>¢+LSP) = 100% o o 151 s CDF ﬂ_ dt=107 pb.1 ""’,»
~ E / DA Run 1a Results 100 f SBrt—1eb)=100%
~4 - D@ Prelimin ‘ [ &
- t — )C‘b — IVb wg 4 l/ Y 90k ecbg:li—uded at 95% C.L.
~y ~y 50 _ S S— "5‘"‘ - - \\X\;‘.\ e _ r ~
+ : ; N \\3 v ek &
 Depends on masses of ¥, x*, . ¢ oSyt S
t d 5 ob \ S AEE S SRETE
an A% [ b, = f § :
20 _ "S‘ 60 - X 5 Do
[ Aleph S
‘g;' 50F opy/

R O R0 N Y,
60 80 M(f)(gg\efcz) 120 140
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Light stop: Results

T A

e Current analysis: 5 soeer 2 o - .1
o - CDF Run Il Preliminary, 163 pb
— E>55 GeV g s
T . . e lg E -+ Data
— charm tagging (jet probability) a B oo
- BaCkground: 8.3+2.3-1.7 35_ 1 WiZ+jets, Top, diboson
— Observed: 11 ; "_L.l- [] % (110 Gevich), 7 (40 Gevic?)
2— p- -
. - 11
¢ Assumptions: F 1L
— BG scales with lumi £ T
40 60 80 100 120 140 160 180_ 200
— Reduce syst. unc. by about a factor Missing E; (GeV)
of 2:
L Charm tagglng g r Theory Cross Sectiorl (Prospino)
I 510" = --- CTEQ 5M, Q=m(t,)
¢ Jet energy scale E X [] cTEQ 5M, Q=0.5mit,), 2mit,)
o baCkground g 2: —a— CDF 95% C.L. Upper Limit
* ISR/FSR “E
— No reoptimisation -
10 |
E M(%;)=50 GeV
- CDF Run Il Preliminary, 163 pb’1
TE 1
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| 1 | 1 | 1 1 1 | | 1 1 | 1 1 1 -
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Light stop: Projections

~120 , : o rd
2] 5 iy . !
e N U N N N T N O = M0t ey 4 B
O ERun 2Project|on i N . //
2400 95% CL-Exclusion /o w 120 — gl L — "
S F : : 5 r / ; Projection from
> ooF M = L / SUSY 2000 Workshop
E :_ ................................. R é _L=1fb1 Ig1nu__ . -'.;_'.". . _L=E Fb_l _—
S soF B EOL S
§ 30:_ ............................. AR et T AN e L=2ﬂ§31 E a0l H ,.f‘,' _.,..?. =]
= C = : Lok s - |
70 g Lol s G —L=4fb'1 o &/ : — =2 fi
C : [ a . r; ""\ ) .
BO b P25 RSNSOI S B T : S : :
E : : : : H \':u_."‘ . : ~ -----P{C--- ---?------{-&--------1--------;El --------
5Ot T ¥/ e ‘Q‘" ______ T ,_EP x L,m,t T e -f,it"ﬁ e “LEP, Limit
':""F' mEmEmmEm=- s EEEpEEEEE AR R R N : . ._,I'
A0 20 — / 17/
E | | | | | | CDlF Run| I Prelllmmary :X" - ,/x - -
3 C1 14 | 1 1 1 11 | 1 1 L 1 111 1 11 | 1 1 1 11 | 1 1 | w | | | ; I \ . \ ! I \ \ \ , I , , \ , I , , ,
% 40 60 80 100 120 140 160 180 200 220 0 - i = et 300

2
Stop Mass (GeV/c") Srop Mazs (Ge\ie")

e E.g.at m(x%)=80 GeV/c2:
— New projection: m(t)=130-165 GeV/c2 excluded
— SUSY2000 Workshop: m(t)=110-165 GeV/c2 excluded

e Stop mass a little worse than SUSY 2000 workshop projection:
— Further improvements when lowering E; cut

— Reoptimise selection cuts at high lumi
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