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Exciting Decade for Tevatron Higgs Searches!
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Exciting Decade for Tevatron Higgs Searches!
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Exciting Decade for Tevatron Higgs Searches!

« 2004 — First Preliminary
Higgs Result (~175 pb1)

» 2006 — First CDF-D0O Combination plot
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Exciting Decade for Tevatron Higgs Searches!

« 2004 — First Preliminary
Higgs Result (~175 pb1)
» 2006 — First CDF-D0O Combination plot
« 2008 — First Tevatron Higgs Exclusion at
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Exciting Decade for Tevatron Higgs Searches!

e 2004 — First Preliminary 3 ::::::D:Q::P"él'i'm'ih"a"y,.L:4..3,..8.2.fb...1..:...........F:Qbﬁ?.l.‘w;(l::::::::::::::::::::
Higgs Result (~175 pb') | 3
. 2006 — First CDF-DO Cormr
« 2008 — First Tevatron Higg
m, = 170 GeV/c? e
+ 2011 — First single-exp. | i, ™ @ 7
exclusions
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Exciting Decade for Tevatron Higgs Searches!
. 2004 — First Preliming, __tsroonnseemney. 200w’

= ! ; : ! ! ' ATLAS+CMS
. N S _ f;b: t:w} Higg ~ Tevatron Exclus
nggs ReSUIt (~1 75 pt E10 —gsg:‘:’“SdEPec‘edT+ATLAS+CMS—
- 2006 — First CDF-DO (3 [ &
« 2008 — First Tevatron | s

m, = 170 GeV/c? el N
» 2011 — First single-ex ‘ . o
exclusions e e
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« 2012 — Excess seen m,, (GeV/c?)
at low mass in Tevatron combination
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Exciting Decade for Tevatron Higgs Searches!

« 2004 — First Preliminary
Higgs Result (~175 pbT)
» 2006 — First CDF-D0O Combination plot
« 2008 — First Tevatron Higgs Exclusion at

A =2\ I\ \ N & B9 ]

|&d Selected for a Viewpoint in Physics week ending
PRL 109, 071804 (2012) PHYSICAL REVIEW LETTERS 17 AUGUST 2012

S

Evidence for a Particle Produced in Association with Weak Bosons and Decaying
to a Bottom-Antibottom Quark Pair in Higgs Boson Searches at the Tevatron

at low mass in Tevatron combination
- 2012 — H-> bb evidence (3.10).
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Current Status of the Higgs

« Higgs boson found by CMS and ATLAS at 125 GeV.
« Measuring properties (not limits) are the “name of the game.”
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Current Status of the Higgs

« Higgs boson found by CMS and ATLAS at 125 GeV.

Measuring properties (not limits) are the “name of the game.
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Current Status of the Higgs

LHC sensitivity driven mainly

by H -2 yy/VV final states
\
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Current Status of the Higgs

\s=7TeV,L<51fb"' \s=8TeV,L<19.6 fb' | | | [ [ | [
Combined CMS Preliminary m,, = 125.7 GeV ATLAS Preliminary e Se
H=080014| p  =0.65 W,ZH — bb :
Vs =7TeV: [Ldt=4.71b" °
Hos bb Vs =8TeV: [Ldt= 13 b
_>
w=1.15+0.62 = H— 1t } :
\s=7TeV: [Ldt=461b —
\s =8 TeV: [Ldt = 13 fo” :
H s o H—WW" S viv ,
L=110%041 ] Vs =8 TeV: [Ldt= 13 b i e
Hoyy  Tevatron sensitivity primarily comes from H = bb.
w=0.77+

noww | ¢ Primary sensitivities at the LHC and Tevatron
L=0esxt have been complementary.

H— ZZ
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« H - bb will receive emphasis today.
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The Tevatron

« Center-of-mass energy:
1.96 TeV

» Delivered roughly 12 fb-' of
proton-antiproton collisions
from 2001 — 2011
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The Tevatron & Experiments

« Center-of-mass energy:
1.96 TeV

 Delivered roughly 12 fb-! of
proton-antiproton collisions
from 2001 — 2011

e CDF & DO each recorded over
10 fb™

« Data samples used in Higgs
analyses:
= DO:  Up to~ 10 fb-1
=« CDF: Upto~ 10 fb-1
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Higgs Production

Searching for the Higgs...

\  [5=196TeV |
« Higgs production cross-sections é L
are very small 3 \
= (0.01to1)pb §0'1\WH

ZH

« Look in production modes/decay
channels with:
= High statistics: oy x B(H=> X) 100 120 140 160 180 200
= Low background: Clean Events Higgs Massi(Gev/c)

/

e ~y |

Higgs Decay

« Search Channels at the Tevatron: T
s High-mass Higgs
(my > 135 GeV)

gg— H — WTW~

= Low-mass Higgs
(my <135 GeV)

V H — Leptons + bb

LHC HIGGS XS WG 2010

Branching ratios

200
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At the Tevatron.

« Cross section for Higgs production is much smaller

than at the LHC

e You aren’'t going to see a beautiful bump in the dijet
mass for = bb searches.

= Not enough events
= Jet-energy resolution
= Final-state radiation

« Significant overlap
between Higgs mass
hypotheses
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= Any H-> bb signal will be

very broad
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H-> bb searches

Analysis No. of Leptons Missing E ?
ZH — v+ bb 0 Yes 2
WH — (v +bb 1 Yes 2
ZH — 010 +bb 2 No 2

« To get the most sensitivity:
= Maximize lepton reconstruction and selection efficiencies
= Optimize b-jet tagging
= Improve invariant dijet mass resolution
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b-tagging improved

« Both collaborations now use Disglaced tracig
MVAs to identify heavy-flavor /
jets, using discriminating ecar ety WMsccondary verte
variables (e.g.) : Primary vertex .~ /
= Displaced vertex (L,,, dy) ’%o\/
= Jet mass Prompt tracks

o Distribution of tracks within
the jet cone

—— Light Jets
— b Jets

e
t
¢
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Analysis methods improved

* No longer use a single discriminating variable...

s No longer use one multivariate algorithm...
- Now use multiple MVAs per analysis, often in series...
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Analysis methods improved

* No longer use a single discriminating variable...
s No longer use one multivariate algorithm...
- Now use multiple MVAs per analysis, often in series...

x103 ZH—->wWbb analysis sample (pre b-tag) — 7
- —e—Data VL f. DO 9.5 it - e.g. ZH — VU + bb
~ I Top B Multijet -’

V+h.f.+VV [ ] VH(125) x 5OOH

TLI

Events /0.10
— N N
? @) ]

N
TT T T T T T [ TTT
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Analysis methods improved

* No longer use a single discriminating variable...
s No longer use one multivariate algorithm...
- Now use multiple MVAs per analysis, often in series...

ZH—-wWbb analysis sample (pre b—tag) — 7
o | V4l . | ] e.g. ZH — VV —|— bb
- DQJ, 95fb
o 25¢ B Multijet :
> F W Vah vy [ VH(t25 w500 8 _
£ 20F x102  ZH—=wWbb analysis sample (medium b-tag)
) - o) L L B I B L LN B BN BLELEE
D 15 SRS ——Data D@, 9.5 6" 5
- S 1.4 B Top : 3
10 @10 V+h.f.+V\ E
- c V4l -
5; Lc||>j 1 B Multijet E
ok 0.8 [ VH(125) x 100
1 o6
0.4
0.2
0

1 -0.8 06 -04-02 0 02 04 06 08 1
Multijet DT
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Analysis methods improved

* No longer use a single discriminating variable...

s No longer use one multivariate algorithm...
- Now use multiple MVAs per analysis, often in series...

ZH—-wWbb analysis sample (pre b—tag) — 7
o | V4l . | ] e.g. ZH — VV —|— bb
- T DO, 9 5fb’
o 25F B Multijet -
> F W Vah vy [ VH(t25 w500 8 1
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+] © 5001 . I Multijet =
| Y 400F- it [ 1VH(125)x 100 3
108 -0.6 -04-02 0| F el E

200F

100E
0-1 -0.8 -06 -04 -02 0 02 04 06 0.8 _1
Final Discriminant




FNAL Users Meeting - Higgs Searches

Analysis methods improved

* No longer use a single discriminating variable...
s No longer use one multivariate algorithm...
- Now use multiple MVAs per analysis, often in series...

ZH—-wWbb analysis sample (pre b—tag) — 7
o | V4l . | ] e.g. ZH — VV —l" bb
- T DO, 9 5fb
o 25¢ B Multijet :
> F W Vah vy [ VH(t25 w500 8 _
£ 20F x102  ZH—=wWbb analysis sample (medium b-tag)
O Lo R LA B B B RN N BN BN LR
D 15 SRS ——Data D@, 9.5 6" 5
s S 14 B Top I =
10 @10 V+h.f.4+V\ E
- c V+L.f. I ZH —>Wb5 analysis sample (medium b-tag)
5 O 1 I
u > Bl Muttijet § | 9o0F T TTT T TR T e
0k Wos ] VH(125) x 1$E goo- (@ MJDT>-03  —e—Data D@, 9.5f ]
0.6 > onnE BN Top E
| i > 700;‘ N V+hf+VV E
04 —t— : -E 6005— V+l.1. _E
[ ] 0.2 ] S 5001 _ W Multijet E

« Analyses were improved so that Higgs results were
as sensitive as possible given the available statistics.
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Analyses Included in the Combinations

Channel Luminosity mpy range Reference
(b~  (GeV/e?)
WH — (vbb 2-jet channels 4x(5 b-tag categories) 9.45 90-150 [49]
WH — fl/b_l—) 3-jet channels 3 x(2 b-tag categories) 9.45 90-150 [49]
ZH — vubb (3 b-tag categories) 9.45 90-150 [50]
ZH — (17
ZH — (17
WH + zH| Channel Luminosity mpy range Reference
tH — W] (b~  (GeV/c?)
H—WTW WH — fuvbb 2-jet channels 2x(4 b-tag categories) 9.7 90-150 (58, 59]
H — W*W WH — fvbb 3-jet channels 2x(4 b-tag categories) 9.7 90-150 [58, 59]
WH = WW ZH — vobb (2 b-tag categories) H — bb 9.5 100-150 [46]
WH — WE’ ZH — 0t07bb  2x(2 b-tag)x(4 lepton categories) 9.7 90-150 [60, 61]
_fof_:’TZT‘f H S WIW- S Eolty 2x(0 jets,1 jot,>2 jets) 0.7 115200 [62]
T H 4+ X 5 WHW~- = uFurt v (3 7 categories) 7.3 115-200 [63]
=771 H— WTW— — €vjj 2x(2 b-tag categories) x (2 jets, 3 jets) H - W 9.7 100-200 [59]
——— | VH—setptr+ X 9.7 100-200 [64]
VH — 0l + X (ppe, 3 x epp) 9.7 100-200 [64]
VH — (vjjjj 2x(>4 jets) 9.7 100-200 59
VH — ThadThadit + X (3 T categories) H — 7+ 8.6 100-150 64
H+4+X 07T 1jj  2x(3 7 categories) 9.7 105-150 65
H — vy (4 categories) H — vy 9.6 100-150 66

Roughly 30 independent analysis channels
included in Tevatron combination
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Analyses Included in the Combinations

Channel Luminosity mpy range Reference
(fb~1) (GeV/c?)

WH — (vbb 2-jet channels 4x(5 b-tag categories) 9.45 90-150 [49]

WH — fz/b_l_) 3-jet channels 3 x(2 b-tag categories) 9.45 90-150 [49]

ZH — vubb (3 b-tag categories) 9.45 90-150 [50]

ZH — ¢+

ZH — ¢+

WH + zH| Channel Luminosity my range Reference

tH — W] (b~  (GeV/c?)

H - W™W WH — fvbb 2-jet channels 2x(4 b-tag categories) 9.7 90-150 (58, 59]

H — W*W WH — fvbb 3-jet channels 2x(4 b-tag categories) 9.7 90-150 [58, 59]

WH = WW ZH — vobb (2 b-tag categories) H — bb 9.5 100-150 [46]

WH — WE" ZH — 0t07bb  2x(2 b-tag)x(4 lepton categories) 9.7 90-150 [60, 61]

%ﬂ HSWIW- = Eolty 2x(0 jots,1 jot, =2 jets) 0.7 115200 62]

2T 7T ) H 4+ X 5WW- 5 uForE v (3 7 categories) 7.3 115-200 [63]

H— vy | R, _ 7 H VThad 8 : .

=771 H-W TW— = tvjj  2x(2 b-tag categories) X (2 jets, 3 jets) H - W 9.7 100-200 [59]

— VH s etpr+ X 9.7 100-200 [64]
VH — 0l + X (ppe, 3 X epp) 9.7 100-200 [64]
VH — (vjjjj 2x(>4 jets) 9.7 100-200 59
VH — ThadThadit + X (3 T categories) H — 7+ 8.6 100-150 64
H+4+X 07T 1jj  2x(3 7 categories) 9.7 105-150 65
H — vy (4 categories) H — vy 9.6 100-150 66

Almost all analyses published
with full Tevatron data set!



FNAL Users Meeting - Higgs Searches

Tevatron Final Combinations
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A Limit Plot

Tevatron Run |l Prel|m|nary HeWW L<10.0 fo'

L B S N B B
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A Limit Plot

1. Upper cross section

limit for Higgs
pFOdUCtion relative tO Tevatron Run |l Prel|m|nary H—>WW, L<10.0 fo™
SM prediction = -~ — Obseved
E‘ 10 N Expected w/o nggs
£ : ;
—
o
3
To)
(0))

III-HIHHIIJune2012_
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A Limit Plot

1. Upper cross section 2. Observed limit
limit for Higgs (solid line) from data
pFOdUCtion relative tO Tevatron Run Il Preliminary —>WW, L<10.0fb"
SM prediction =S N A A A

E 10 Expectedw/0|ggs """""""""""""""""""""""""""""""""""""

— S, N SO BOS et it und S

0 B\ T 4954 Exodeted
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A Limit Plot

1. Upper cross section 2. Observed limit
limit for Higgs (solid line) from data
prOdUCtion relative tO Tevatron Run Il Preliminary —>WW, L<10.0fb"
SMprediCtiOn (% Illlgll;‘Observed?l lll
E‘ 10 D\ Expected w/o |ggs
E
-
o
_ >
3. Median expected &

limit (dot-dashed line)
and predicted 10/20
(green/yellow bands)
excursions from
background only June'm ‘

pseudo-experiments 110 120 130 140 150 160 170 180 190 200
m,, (GeV/c?)
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A Limit Plot

1. Upper cross section 2. Observed limit
limit for Higgs (solid line) from data
prOdUCtion relative tO Tevatron Run Il Preliminary —>WW, L<10.0fb"
SM prediction = ""?"#‘Observed" |.|
£10 A '
o
3. Median expected e

limit (dot-dashed line)
and predicted 10/20
(green/yellow bands)

\

excursions from I P H— N - T—
background only .'.l.. ””” J;,;;ga;z‘“
pseudo-experiments 110 120 130 140 150 160 170 180 190 200

/ m,, (GeV/c?)

4. Analysis repeated using different signal
discriminants for each m, in 5 GeV steps
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—l
o

95% C.L. Limit/SM

]
]

Observed

Expected w/o Higgs
Expected + 1 s.d.
Expected = 2 s.d.

Tevatron Run I, L., <10 fo’
SM Higgs combination

Expected if m =125 GeV/c?
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100
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—l
o

= QObserved 1
_____ Expected w/o Higgs Tevatron Run ll, L., <10 fb

I Expected = 1 s.d. SM Higgs combination

| Expected = 2 s.d.
---------- Expected if m =125 GeV/c?

« Expected Higgs Sensitivity
= Better than 1.15 x SM for
m, < 190 GeV / ¢?

95% C.L. Limit/SM

| | | | | | | | | | | | | | | |
100 120 140 160 180 200
m,, (GeV/cZ)
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—l
o

95% C.L. Limit/SM

= (Observed

Expected w/o Higgs
I Expected = 1 s.d.
|| Expected = 2 s.d.
Expected if m =125 GeV/c?

Tevatron Run I, L., <10 fo’
SM Higgs combination

« Expected Higgs Exclusion:
s 90 <my, <120 GeV /c?
s 140 <my <184 GeV / c?

~

~

~
?h- - -
~
~
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180 200
m,, (GeV/cZ)
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—l
o

95% C.L. Limit/SM

— (bserved

..... Expected w/o Higgs
I Expected = 1 s.d.
.| Expected =2 s.d.

Tevatron Run I, L., <10 fo’

---------- Expected if m =125 GeV/c?

’
N N B BN B .
’
,l

SM Higgs combination

« Observed Higgs Exclusion:
s 90 <my <109 GeV /c?

s 149 <m, <182 GeV / c?

1 1
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—l
o

95% C.L. Limit/SM

= QObserved 1
_____ Expected w/o Higgs Tevatron Run ll, L., <10 fb

I Expected = 1 s.d. SM Higgs combination

| Expected = 2 s.d.
---------- Expected if m =125 GeV/c?

Local Significance at
125 GeV/c?: 3.00

| | | | | | | | | | | | | | | |
100 120 140 160 180 200
m,, (GeV/cZ)
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Tevatron Run ll, L, . <10 fo'  SM Higgs combination

- — Observed
- +1s.d.
+ 2 S.d.

o, x 1.5 (M, =125 GeV/c?)
o, x 1.0 (m,=125 GeV/c?)

| | |
100 120

E—
140 160 180 200
m,, (GeV/c®)
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Cross-section Measurements: Full

4 g
% ' Tevatron Run I, L_ < 10 fb" SM Higgs combination Tevatron Run i, L =10 sz
©3.5 F — Observed > B my, =125 GeV/c
B s1sd oy x 1.5 (m,;=125 GeV/cz) [ ] combined (68% C.L.)
3 7 ] =2sd. O X 1.0 (m,=125 GeVic") — —l— Single channel
25 [
; H—vy - =
2
15 g H— W'W —iH
1 | lf\/\ Si=1 / H—=<'v —
0.5 ) VH— Vbb [~ £
0 T —L— B G 4 - 0 T T S Y N N
100 120 140 160 180 20 0 1 2 3 4 5 6 7 8 9 10
m,, (GeV/c?) Best Fit (o x Br)/SM
_ . — 2.2
H—WHtW= 0947052 x SM | H —» 777~ 1.687725 x SM
+3.39 1. +0.69
Combined  1.4479322 x SM
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Constraining Higgs Couplings
« Window to exotic physics can be parameterized through
coupling factors:
= Hff coupling scaled by: K¢
= HWW /[ HZZ | HVV scaled by: Ky, K7, Ky
= Standard model is obtained when:
Ki=Ky= Ky,=1.

« Expressions for Higgs boson production/decay processes
are modified based on production mechanism and decay

channel (e.g.):

Process o X By
VH — V + bb x (kfky)?
ttH — tt + bb x (k%)

VH -V +WHTW~ o (k3)?

« Test coupling factors using Bayesian method:
= Uniform priors assumed for K ’s
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Couplings

— N r P
~ gL TevatronRunll, L <10 fo! < 3L Tevatron Runll, L, < 101b
. e Local maxima A SM . e Local maxima A SM
[ [68% C.L. [ 195% C.L. L []68% C.L. | ]95% C.L.
4 - B -
: - 2 K; floating
i . I
2r 1 A,
- A :
O I
i O
D i
i o Al .
4 I
_IIII|IIII|IIII|IIII _2_IIII|IIII|IIII|IIII|IIII
0 0.5 1 1.5 2 0 0.5 1 1.5 2 2.5
Ky Kw

 All measured couplings consistent with SM
predictions.
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Conclusions

Analysis improvements implemented in CDF and DO to
iImprove Higgs sensitivity to exclusion to better than

1.15%xSM for 90 < m, < 185 GeV/c?.

« Final combinations also included for BSM interpretations.

« Broad excess in observed data relative to background-only
hypothesis in 115 < m < 150 GeV/c?, consistent with LHC
observations.

 Measured cross-sections and couplings are constrained and
consistent with SM predictions.

 All Higgs analyses published/submitted at CDF and DO.

« Final Tevatron Higgs combination submitted to PRD.

Thank you.




FNAL Users Meeting - Higgs Searches

Public Results

« Tevatron Combination
= http://tevnphwg.fnal.gov/results/

« DO Results

= http://www-d0.fnal.gov/dO_publications/
dO_pubs list_runll bytopic.html#higgs

« CDF Results

= http://www-cdf.fnal.gov/physics/new/hdg/
Results.html




Back-up Slides
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Mass resolution improved

e Shape of invariant mass
distribution:

= Peaking for Higgs signal

= Peaking for diboson background

= Falling for other backgrounds

« Jet-energy corrections generally
derived from light-quark jets

« Regression algorithms can account
for missing energy from neutrinos
and muons, and energy outside of
the jet-cone for b-jets.
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Mass resolution improved

CDF Run Il Preliminary (4.1 fb™)

2200 - PreTag @ data B WW.WZ,2Z
L] Z +1f jets [ | Fakes

20003 [ m, =120 GeV/c? x 1500 After NN Corr.

N
E 1800 - M, = 120 GeV/c? x 1500 Before NN Corr. Wz+bb [t
:ﬂ; 1600 — L] Z+ce uncertainty
= 1400 -
5 1200 E
= 1000 E
& 800-
=) =
7 600 E
400 -
2009 o eeeree
0 300 350 400

M;; (GeV/c?)
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« Feynman diagrams are
topologically equivalent

V

w+
@ < ’
b

« Same final states, and therefore same analysis
strategy, modulo different definitions of signal.

= Retrained signal/background discriminants
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Verify modeling with o(WZ+22)

<% 7000 Tevatron Run Il L <9.7 b G s00 TevatronRunll, L <9.7fb"
> - 1+2 b-Tagged Jets D - 1+2 b-Tagged Jets
5 6000— (5 400
o - —4— Data o - —¢— Data - Bkgd
= 50001 B Wz = 300 —— Bkgd Uncert.
C 7)) L
2 4000 e T 200 vz
- q) -
s I Bkod g
L 3000 100—
20001 oF
1000 Preliminary -100—
: : \\\\\\\\\\\\ ‘ I ‘ I ‘ I ‘ \\\\\\\\
%" 50 100 150 200 250 300 350 . 400 0 S0 100 150 200 250 300 350 200
Dijet Mass (GeV/c?) Dijet Mass (GeVic)

o(WZ+Z2Z),..c =3.0+£0.9 pb
SM Prediction =4.4 + 0.3 pb




FNAL Users Meeting - Higgs Searches

SM Higgs limits from all channels

S — 71 T ' T T [ T T T [ T T [ T T T = - Observed
o | Expected if no Higgs === Expected if m =125 GeV/c P . DO, Lmt <9.7fb serve
£10 | — Observed - = SM Higgs Combination “"""' Expected w/o Higgs
% [ [ Expected =1 s.d. CDF Flnal OI 10 = — — Expected w/M =125 GeV
O | [ Expected=2s.d. 5 ] Expected =1 s.d.
& E B [ ] Expected +2 s.d.
(0} —
-
-
(&
1 o2
& 1
DO Exclusion
| | | | | | | | | | | | | | | | | | | | | 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
100 120 140 160 180 200 100 120 140 160 180 200
m,, (GeV/c®) M,, (GeV)
Exp. Exclusion: 90 <mg < 94 GeV Exp. Exclusion: 156 <my, <173 GeV
H H
96 < m, < 106 GeV
154 < m, <176 GeV Obs. Exclusion: 90 <my <101 GeV

157 <m, <178 GeV
Obs. Exclusion: 90 <my, <102 GeV
149 <my, <172 GeV
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Cross-section measurements: H>bb

Tevatron Run I, L,,<9.7 b Tevatron Run Il Preliminary H—bb, L <10 fo

’ =int

3600»"]""|""|‘ xI""I""I""I""l"'2‘|"" — L I R e L L e D B B B
= | —— Measured --'- Expected for m =125 GeV/c , 2 500 | — Measured 2 s.d.
D00 [ MM 150 ... peseairmetssoene | 8 [ *sd % Predicted
i H= ] ,

j’:]‘ - o Assuming SM rate 1 B R Expected if m, =125 GeV/c® (c,,x1.5)
= ! ] % 400 | Q Expected if m ;=125 GeV/c? (0,,x1.0) i
M 400 [ @ Predicted 1 o [ \

x x

I “x 300

bN 300 bN

T ¥

s =

£ 200 £ 200

100 100

. AR IS T ST AN T SR ST N S !
0100 105 110 115 120 125 130 135 140 145 150 90 100 110 120 130 140 150

my (GeV/c?) my, (GeV/c?)

o(VH)xBr(H->bb) = 230 *9 . fb  o(VH)xBr(H->bb) = 190 * ,, fb

SM Prediction at 125:
o(VH)xBr(H->bb) =120 8 fb
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Obtaining Results

« Extracted by starting with a combined likelihood
function

channel Nblns

- 10115 o
)=

Events / 0.12

Q708 -06 -04 -02 0 02 04 06 0.8
Final Discriminant
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Obtaining Results

« Extracted by starting with a combined likelihood
function

Expected & "% .
S 600
Channel Nblns Nijg events =

—+— Data '
T
- V+h.f4+VV
- F Valf.
e o : 500_ ultije

/’Lz] Ly o L e VH(T.2) %
M 5 c
e W 400F

Jj=

Vv

nm'

300

Observed 200
events 190

Q708 -06 -04 -02 0 02 04 06 0.8
Final Discriminant
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Obtaining Results

« Extracted by starting with a combined likelihood

function

Channel Nblns

€

Expected

Hij

H; "

Observed
events

« Expected signal / background events dependent on
systematic uncertainties, included as nuisance

parameters

ni events

X H e |
k=1

D

Nuisance
parameters
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Obtaining Results

« Extracted by starting with a combined likelihood

function yooctod |
hannel Nbi _ events Nup NUIsanc;e
C anne ins Iu/ e a2 parame ers
H H e lx || e/
nz]'
k=1
Observed

events
« Expected signal / background events dependent on

systematic uncertainties, included as nuisance
parameters

« Cross-section fits/limits calculated by maximizing
likelihood using profiling or marginalizing
= Good agreement between both

« For Bayesian method (CDF), uniform, non-negative
prior assumed for Higgs boson signal.



95% C.L. limit/SM
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Updated MET+bb Search

« Look for Higgs boson in final state with missing
transverse energy and two jets

« Sensitive to following processes:
« ZH-=>vv + bb

« WH -2 lv + bb (lepton lost in reconstruction)
« Analyze full CDF data set as in summer analysis
= put b-tagging algorithm improved

B confid | = [ —— Observed
68% i int )
[ 2O b [ - Ewec
------- xpected 95% C.L. lim - .d.
— m— Observed 95% C.L. limit ; +1s.d. expected
S I =2s.d. expected
PRL 109, 111805 (2012 > 10 ,
. o Updated analysis
2
_ >
1—
M ST B BT B BT BT A0 0 v b b e b e b e b e gy
90 100 110 120 130 140 150 90 100 110 120 130 140 150

Higgs Mass (GeV/c?) m,, (GeV/c?)
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Updated MET+bb Search

Expected limits are 14% better on average than
those of the previous analysis

Observed limits are 55% lower on average, fairly
iIndependent across Higgs boson mass

Why such a discrepancy?

-y
o
L

68% Confidence interval

1 95% Confidence interval
------- Expected 95% C.L. limit

— — Qbserved 95% C.L. limit

. PRL 109, 111805 (2012)

1 1 1 I 1 1 1 1 ] 1 1 1 1 l 1 1 1
110 120 130
Higgs Mass (GeV/c?)

'
140

1 ] L
150

95% CL Upper Limit/SM

10

- —— Observed

e

- - Expected
+ 1 s.d. expected
+ 2 s.d. expected

Updated analysis

-
-
-
-

150
m,, (GeV/c?)

120 130 140
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Updated MET+bb Search

« Many checks performed in recent months:
1. Mismodeling of backgrounds? None seen.
2. Mistake in b-jet tagging? None seen.
3. Reanalyze data sample using old tagging methods.

c% - —— Observed [5] ——— Observed (Cross-check) ¢ EXpeCted I|m|tS |n Vel’y gOOd

% - ---- Expected[5]  ------- Expected (Cross-check) ag reement W|th those Of

4 + 1 s.d. expected .

5 [ W = 2s.d. expected summer analysis.

> ol * Observed limits systematically

S lower than those of summer

5 T analysis.
i /o * Non-negligible fraction of
e 2ri 5B discrepancy originates from

different (improved) treatment
of systematic uncertainties.

1 1 | 1
140

150
m,, (GeV/c?)

1 1 | 11
90 100 110 120

130
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Updated MET+bb Search

« Many checks performed in recent months:
1. Mismodeling of backgrounds? None seen.
2. Mistake in b-jet tagging? None seen.
3. Reanalyze data sample using old tagging methods.

CDF Combined VH—2>Vbb limits/SM

T I T T T T

o Effect on H>bb summer
combination?

e Limits / p-values
unchanged wrt to summer
combination.

« Conclusion: analysis
method is robust, and CDF -
stands behind the H>bb

results from last summer.

— Ot[>served (w/[published NiETbb) I
=== Expected w/o Higgs

— [ Expected =1sd.

[ ] Expected =2sd.

Observed (w/ Re-Done
SECVTX+JetProb METDb)

95% CL Limit/SM
o
|

SM=1

PO ST TR TR NN TR TR TN SR NN TN SR TN TN NN TN SN NN S N SN S S S S S S S
90 100 110 120 130 140 150
m,, (GeV/c?)
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Updated MET+bb Search

= e o e Remaining check to assess effect of
< aired pseudoexperiments i . .
Iz al @ Observed limits/SM for m_ =125 GeV/c? ) event mlgratlon be_tween old and
- /| new b-tag categories
Q- i L]
S S 7| » Pseudo-experiment study:
3 e ] o Use statistical overlap between
Ter T analyses to produce pairs of
S ’ limits using the old and new
o S ] analysis.
of  ::1zo8Bogsr ] o Calculate p-value to determine
| :;5%@%55533 : consistency
B o O[] [1Ooo | .y .
* SPHERDS e | | » Probability of shift at my, = 125 GeV:
Nt =ESith ; 7-8%
o « Probability of global shift:
0 T T S T T S T S T S SO Y N N N T B |
° i * ° Scaled8SECV'I1'§)( upper1 I2imit/Sl\}|4 3 — 5 %
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Updated MET+bb Search

HOBIT upper limit/SM

—
()]

" paired psoudoesperiments 1| Remaining check to assess effect of
I u X | | . .
e Observed limits/SM for m, =125 GeV/c? ] event migration between old and
, new b-tag categories

S /| + Pseudo-experiment study:
] o Use statistical overlap between

I ] analyses to produce pairs of
* limits using the old and new

analysis.

—
N
I

—
N
\
|

—
o
\
|

000000 oaoao e

of  :izgaZoas ] o Calculate p-value to determine
e i m{mfat= ’ consistency
B c O ]00 o | - .
= i I i o | « Probability of shift at m,, = 125 GeV:
e m =l : H
IO S ] 7—8%

« Since none of the checks suggested any mistakes in analysis,
the conclusion is that the significant shift in limits due to event
migration effects from changing b-tagging algorithms.

e Previous summer publication valid; for final combination, CDF
decided to use analysis with most sensitive expected limits.
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Beyond the SM Models

e 4" generation model

= Additional generation
of quarks/leptons
added

= Two types of models
depending on 4"-gen.
lepton masses

= Exclude SM4 Higgs
masses in region:

121 <my < ~230 GeV/c?

. Fermiophobic model

= Higgs couplings to
fermions set to O.

= Exclude H; mass
below 116 GeV/c?.

o(gg—H)xBr(H=W*W) (pb)

1

95% CL Limit/FHM

- Tevatron Run I, Lint <10 fb'1 """ Exp. 95% C.L. Limit (wo Higgs)
SM4 Higgs combination — Obs. 95% C.L. Limit
10 | I Expected = 1 s.d.
[ | Expected =2 s.d.
><  SM4 (low mass)
—— SM4 (high mass)
1 r
-1l
0

co b b e e e e e b e Ly
100 120 140 160 180 200 220 240 260

TR
280 300

m,, (GeV/c?)

Tevatron Run Il, L, <10 fol e
| Fermiophobic Higgs combination =—— Observed

—
o

[ | Expected

Expected w/o Higgs

I Expected =
=2 s.d.

1s.d.

100 110 120 130 140 150 160 170 180 190 200

m,,. (GeV/c?)
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Improvements in Sensitivity

Example from CDF

=

<N —— Summer 2004 —— Spring 2009
-‘g‘ ———  Summer 2005 —— Fall 2009

— i —  Summer 2007 —  Summer 2010
=0 A — —

.9 10 | \ Winter 2008 SL'Jmmer 2011
O b — Fall 2008 ——  Winter 2012
Q

Q m, =160 GeV/c*

X

L
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Integrated luminosity (fb™')



