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Top quark mass was found in agreement with =

predictions from fits to EWK parameters

Now use m,,,, m,, and more to point us to the
Higgs!

my,, = 173.1 £1.3 GeV

m,, = 80.399 x 0.023 GeV

which give the following predictions

e m,=87+%,,GeV @ 68 % CL or

e m, <157 GeV @ 95 % CL 0

200 ¢

Top Mass (GeV/c2)

August 2009
T T

1
— LEP2 and Tevatron (prel.)
80.51 -~ LEP1 and SLD
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+ From the EW Fits

® pp colliders limit

+ e+e- colliders limit

= CDF Run1

= D0 Run1

= Tevatron World Average
® D0 Run2 average result
® CDF Run2 average result

1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008

IFAE10 Roma - 7/4/10 Fabrizio Margaroli

Year

LEP directly searched the existence of the Higgs
boson and found: m; > 114.4 GeV @ 95% CL

Once adding LEP exclusion to EWK fits, the
constraint becomes 114.4<m_ <186 GeV @ 95%



+

Branching Ratio

« o(VH)xBR(H—bb)~0.1p
b low cross section but

extra W/Z decays help

to reduce bck
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SM Higgs production
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o(H)xBR(H—=WW)
largest cross section,
largest BR, clean leptons
and MET




Luminosity (pb'1)
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Delivered > 8.0 fb-!

Acquired almost 7 fb1 (slightly less w/ silicon)
Up to 5fb! analyzed
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Tevatron Run Il, pp at s = 1.96 TeV
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 All backgrounds quite to very

well-understood

* And a lot of physics done with

them



Small acceptance but clean signature

2 high P+ (b-)jets, 2 high P+ leptons

Fully reconstructed final state
- Dominant backgrounds:

— Z+jets (irreducible Z+bb), top, dibosons

Number of Events

« CDF: Likelihood scan of 2D NN

— HZ vs Z+jets - HZ vs ttbar

+ DO: boosted decision tree to isolate ZH from bkg

—— data
£ 10 D@ Run Il Prelimi 4.2 fb' Z+jets
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o un li Preliminary (42150 | mell 7, HF
2 Bl Top
S g I Diboson
w [ Multijet
— 7ZH X 100
6
4
2 L
‘ m /
j : ] i et ) !
01 02 03 04 05 06 07 0.8 09
BDT Output

IFAE10 Roma - 7/4/10

Fabrizio Margaroli

] |:| M,, = 120 GeVic' x 25
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“Large” o x Br, clean signature
High P;leptons, MET and 2 high P jets SVnoJP

Dominant backgrounds:

— W-+bb, top, dibosons, QCD multi-jet
CDF: exploit knowledge of LO Matrix element
DO: use neural networks to classify S and Bs

CDF Run Il Preliminary, L = 4.8 o'

CDF Run Il Preliminary, L = 4.8 fb'
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- Large signal acceptance:
—Large MET and 2 or 3 high P jets
« Dominant backgrounds:
—QCD with fake MET due to calo resolution

—W/Z+jets, top, dibosons

« Two step approach: eliminate instrumental
backgrounds,then isolate the signal ZH — Il bb
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-Large signal acceptance: E c) DO S’ SpE eyt
~Large MET and 2 high P; leptons g Sz
—Events with extra jets sensitive to VH and T = Mttt

VBF 102 I:Jtt.
— CDF add sensitivity to WH->WWW 5
including same-sign leptons 10-
*Dominant backgrounds:

- 0 ‘ | I0I‘2I | I"I-4I ".GI I I0I-8I ‘ | 1
NN Output

Lum (fb- Hevis Exp. Obs.
1) (@165) Limit Limit

—WW production (physics)
— Everything else (instrumental)
‘Use ME and NN to isolate signal

-Different splitting in high/low S/B regions at
CDF and DO leads to similar results

Exp.

my, = 160 GeV
S a3sof Clww
s .k
E ::g ﬁwz,zz TeVatron 10.2
> 2 DY
W 2008 [, |_'|';.|_I'.~:+1,r,jet 0
e ta Tevatron excluded MH hypo for 162<Mh<166GeV
10 First direct exclusion since LEP
50F . i R :
064 0% 64 03 0 02 04 06 08 1
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Tevatron Run i Prellmlnary, L=2.0-5.4 fb™

‘,,LEP Exclusmn
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-
o

...........................................................

95% CL Limit/SM
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As mentioned eatrlier..

* No single analysis at low mass sensitive to Higgs

 BUT! Combination of many channels provides a large improvement
with respect to to single best analysis

« Combination of 2 experiments provides extra ~40% improvement
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- EWK (SM) allows a 4th gen, with quark masses favored range 300-500GeV
- Direct presence explorable at Tevatron and with LHC first data

- Indirect consequences for the Higgs:
— gg—H enhanced by a factor of about 9 ~independent on g masses

— EWK constraints on Higgs mass no longer valid — higher Higgs mass

= 4

95% C.L. Limit/4G(infinite-mass) Predictio

S N N BN E R W S PR
‘ CDF+DO Run II Prehmmary  Expected
L—48 54fb A

T 2, s.d. Expected
e dGlowmsy S

- ‘.-.-.*.....-----ﬂ--.-..---. T, o

4G(1nﬁmte mass) 1

| i L L | i | |

ey T— o
120 140 160 180 200 220 240 260
m,,(GeV)

« Tevatron excludes a SM-like Higgs boson with 4th gen with 130<mH<210 GeV
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Low mass extrapolation

2xCDF Preliminary Projection, m =115 GeV

......................................................................... Summer 2005
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- LEP Exclusion

—— Analyzed L=10tb”" .1 January 16, 2009

***** With Improvements
—— Analyzed L=5 fb’ K
----- With Improvements .

—

) Tevatron exclusion

100 1'i0 120 130 140 150 160 170 180 190 200
m,, (GeV/c?)

+ Experiments are continuously improving analysis technique:

— Summer 07 projection expect a improvements between 1.5 to 2.25 to

existing sensitivity

— increased indeed by a factor of >1.5 last year: equivalent of using more

than double luminosity

— More/new ideas currently being tested to increase further sensitivity
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Low mass extrapolation

2xCDF Preliminary Projection, m =160 GeV
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+ Experiments are continuously improving analysis technique:
— Summer 07 projection expect a improvements between 1.5 to 2.25 to
existing sensitivity
— increased indeed by a factor of >1.5 last year: equivalent of using more
than double luminosity

— More/new ideas currently being tested to increase further sensitivity
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A priori probability of 3o excess

2xCDF Preliminary Projection
IS i January 16, 2009

—— Analyzed L=10 fb”
With Improvements

With Improvements .

-~ LEP Exclusion
) Tevatron exclusion
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« Largest o(H),
very low BR, high
resolution on gammas

« Will need understanding
of jets faking photon

IFAE10 Roma - 7/4/10

M. Spira et al.

NLO QCD

T T T T T B T T T Ty T TaTATaT
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_________________ 10°
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events for 105 pb™!

Branching Ratio
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- Second largest o(H), 100

G(Ipp —>IH+X) I

Vs =14 TeV

m, =175 GeV
CTEQ4M

m
- =y =y
o o o

3l @ ~

events for 105 pb™!

e 102

~

reasonable BR, forward jet ' “
tagging / -

Will need understanging of
forward jets (difficult)

Branching Ratio

But HW/HZ and ttH

possible too, once H->bbar
appears as a single jet with -
substructure m,, [GeV]

Buttersworth/Davison/Rubin/Salam 0802.2470
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LELELELE BLELELELEN BLELELELE BLELELE
o(pp —H+X)
Vs =14 TeV

~——

o(H)xBR(H—WW) largest
cross section, largest BR,
clean leptons and MET
o(H)xBR(H—Z2) offers the
advantage of fully

10'3 - M. Spiraetal.
NLO QCD

Branching Ratio

reconstructed events

1o~ =
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* BR(H—=y7)~0.2% @ 120GeV DB, 271" s ~data

- All production modes: gg—H/HW(Z)/VBF ok (o) 870 Sighas (u,=130Gev)

- Expect about 2 events in 5.3fb" 51 03_ 2

. CDF sensitivity 20xSM (preliminary) 8 \\: PRy

- DO same sensitivity with half the data 5}10’;— +quﬁf R, (Gev)
— PRL102:231801 (2009.) w;_ ;gagapmmejeﬁmiom

- need O(1000)fb-! to see a SM Higgs - o okgprediction ... ¢t

80 100 120 140 160 hIITB?ﬂ(GeVEﬂﬂ

« Background largely irreducible, ways to improve exclusion is by
— improving detector — CMS has 3 times better EM calorimeter resolution
— Changing collider :)
« LHC (7 TeV) ~10xo+,, and ~similar S/B ratio — need ~O(10) fb-! to reach
exclusion, and many more to observe it.
* LHC(@14TeV) ~100x0+,, exclude with a few fb-!, observe with O(10)fb-"

«  Extrapolation from CDF/DO results matches ~well with ATLAS/CMS studies of
observation with 30fb-! @14TeV
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* Region 145-185 will likely be
excluded in 2011 by Tevatron

o LHC will initially probe region
already excluded by Tevatron

o ATLAS/CMS exclusion extrapolation
with 1fb-? @7TeV nearly identical to
Tevatron (2xCDF) projection of
current Higgs exclusion at 10fb-"

e Tevatron expect to improve
implementing ideas currently tested

IFAE10 Roma - 7/4/10

CDFx2 Heavy Higgs Projections

High Mass Expected 5.3 fb '
High Mass Expected 10 fo”
High Mass Expected 10 o™ with improvements
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* Region 145-185 will likely be
excluded in 2011 by Tevatron

o LHC will initially probe region
already excluded by Tevatron

o ATLAS/CMS exclusion extrapolation
with 1fb-? @7TeV nearly identical to
Tevatron (2xCDF) projection of
current Higgs exclusion at 10fb-"

e Tevatron expect to improve
implementing ideas currently tested
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95% C.L./Gg,

CDFx2 Heavy Higgs Projections

“==* High Mass Expected 5.3 fb"
-==* High Mass Expected 10 fo”
=== High Mass Expected 10 o™ with improvements
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v
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e
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* Region 145-185 will likely be

excluded in 2011 by Tevatron 5
« LHC will initially probe region <
already excluded by Tevatron C

o ATLAS/CMS exclusion extrapolation
with 1fb-? @7TeV nearly identical to

Tevatron (2xCDF) projection of _
current Higgs exclusion at 10fb Ed

5

e Tevatron expect to improve :

implementing ideas currently tested

e LHC can benefit of 40% by
combining CMS and ATLAS results

CDFx2 Heavy Higgs Projections

107 |t wmmmnnanans High Mass Expected 5.3 b
—— " wmesseseeaes High Mass Expected 107"
------------ High Mass Expected 10 o™ with improvements
10 [ S
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IIIII|||||III I:I|||||IIII||||||II 11911
110 120 130 140: 150 160 170 1 190 200

v

= 98% CL exclusion; mearn
N 85% CL excluslon: 6A% hand

; 895% CL exclusion; 85% band
¥ ¥ - B5% CL exclusion: mean (no sys)
L T T =¥ LB N T T
200 400 GO0
- Higgs mass, m [GeVic?
145 1190GeV o9 w (cevie’]
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- Tevatron is still the main place for a SM Higgs boson search for the
next 2/3 years. With ~10fb-1 of data collected by the Tevatron by end
of 2011:

— Expect to exclude roughly everything in the SM-favored range,
but a narrow window around 130GeV

— Expect to have a 3o evidence (with a bit of luck) of a SM Higgs
boson in high mass range

— ATLAS/CMS comparable sensitivity- but only at high mass with
1fb1@7TeV

« LHC will catch up shortly thereafter and provide access to a much
larger Higgs mass range. Assuming 14TeV in 2013, and O(100)fb-"

— Ultimately, the LHC will have access to all production and decay
modes

— If neutral Higgs discovered, mass, and some couplings can be
determined with accuracy to test If it’'s SM (width also if
Mh<200GeV)

— Be aware of look-alikes (Z’,SUSY ho, etc), study quantum
number

IFAE10 Roma - 7/4/10 Fabrizio Margaroli

2010

- 2011

- 2012

- 2013

T 2014
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« Low mass improvements
— NN b-tagger for CDF
— Adding data from orthogonal triggers
— Including lower S/B regions

« High mass improvements:

— Included tau/e and tau/mu with hadronic taus
— Allow close in R-space, non-isolated leptons

* Increase acceptance, different (and lower) backgrounds
— Computing more ME for the other backgrounds

— Looser ele/mu definitions
— More triggers

— More channels: H - SWW->Inujj, H->ZZ

IFAE10 Roma - 7/4/10
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*Higgs production
Cross section goes

down with decreasing

E(cdm)

*CMS expects at 7TeV
the need to increase
luminosity by ~7 times

wrt to the 14TeV
studies

A recent pheno paper

confirms that

arxiv:1003.3875 Berger

et al.

IFAE10 Roma - 7/4/10

¢ (nb)

proton - (anti)proton cross sections

i, E—UH

E O

a

E ~ Higga
C IIII

Gtu{

LE > 100 GeV)

a

0, (E.™ > s/4)

oM, = 150 GeV)

(M,, = 500 GeV)

top,/paire

Teva:tron L]

\%

01

1 10

Vs (TeV)

Fabrizio

Margaroli

107 em* s’

events/sec for L



SM Higgs production
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o(LHC)/o(Tevatron)
~70 (gg—H)
~60 (qq—qqH)
~10 (qq—WH/ZH)
~100 (gg—ttH)
for m;<200 GeV
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gg->H QCD cross sections known to NLO for arbitrary top mass, NNLO in the
large top-mass limit

— NLO~2XLO
— NNLO~1.5xNLO

Branching Ratio
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...Visit the experiments public webpage of preliminary Higgs results:

www-cdf.fnal.gov/physics/new/hdg/hdg.html#prelim

www-dO0.fnal.gov/Run2Physics/WWW/results/higgs.htm
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As mentioned earlier..
No single analysis at low mass sensitive to Higgs
BUT! Combination of many channels provides a large improvement
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m,, (GeV/c?)

with respect to to single best analysis
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