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LPNHE Outline

PARIS

* Summary of the SM scalar boson
searches from Tevatron
experiments, DO and CDF,

96 TeV

individual results e O
e e Pmy Do

* For the full Tevatron combination
see talk by Wei-Ming Yao this
afternoon
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LPNHE

Overview of the searches

PARIS
D& Luminosity (fb™') My (GeV) Reference
WH — fvbb Q.7 90-150 Phys. Rev. Lett. 109, 121804 (2012); Sub to PRD arXiv:1301.6122
ZH — £6bb 0.7 90-150 Phys. Rev. Lett. 109, 121803 (2012)
ZH — vibb 0.5 100-150 Phys. Lett. B 716, 285 (2012)
H—o WYW- o #Hvip 9.7 100-200 Acc to PRD arXiv:1301.1243
H+X o> WW = i+ < ljet 7.3 155-200 Phys. Lett. B 714, 237 (2012)
H -+ WtW- = fvg'q 9.7 100-200 Sub to PRD arXiv:1301.6122
VH — eepfppe+ X 9.7 100-200 Sub to PRD arXiv:1302.5723
VH — etpt+ X 9.7 100-200 Sub to PRD arXiv:1302.5723
VH = bvg'dqq 0.7 100-200 Sub to PRD arXiv:1301.6122
VH = o + X 2.6 100150 Sub to PRD arXiv:1302.5723
H+ X — fmyj3 9.7 105-150 Ace. by PRD arXiv:1211.6993
H — vy Q.7 100150 Submitted to PRD, arXiv:1301.5358
CDF
WH — fubb 9.45 90-150 Phys. Rev. Lett. 109, 111804 (2012)
ZH — (ibb 9.45 90-150 Phys. Rev. Lett. 109, 111803 (2012)
ZH — vohb 9.45 90-150 Phys. Rev. Lett. 109, 111805 (2012); Ace. by PRD arXiv: 1301.4440
H—- WtW- — i+tvi-p 9.7 110-200 FERMILAB-PUB-13-029-E, For submission to PRD
H—= WW — emum, 9.7 130-200 FERMILAB-PUB-13-029-E, For submission to PRD
VH — eep/ppe+X 9.7 110-200 FERMILAB-PUB-13-029-E, For submission to PRD
H— ZZ — o.7 120200 Phys. Rev. D 86 (2012) 072012
H-—711 6.0 100-150 Phys. Rev. Lett. 108, 181804 (2012)
VH — _jrjb-E 9.45 100-150 JHEP 1302 (2013) 004
H—=yy 10.0 100-150 Phys. Lett. B 717, 173 (2012)
ttH — WW bbbb 9.45 100-150 Phys. Rev. Lett. 109 (2012) 181802
* CDF combo: DO combo:
H — bb: H — bb:

6/3/2013

- Phys. Rev. Lett. 109, 111802 (2012)
Full:
- Submitted to PRD arXiv:1301.6668

- Phys. Rev. Lett. 109, 121802 (2012)
Full:
- Submitted to PRD arXiv:1303.0823

L. Z. SMS at Tevatron



.pNHE ) Production at Tevatron and Decay

PARIS
* Dominant production is gluon gluon * Dominant decay to:
fusion (ggH) - bb for m <135 GeV
* Significant contribution from - WW for m, > 135 GeV
associated production (VH)
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LPNHE How do we search?

PariIS
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LPNHE

PARIS

How do we search?

PP/pp cross sections
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Extract tiny signal from huge background

Use efficient and well understood
triggers

Optimize lepton ID, use multivariate
techniques (MVA) to identify leptons and
various lepton categories

Optimize b-id, use MVA and multiple b-
tagging categories

Use advanced MVA techniques to further
separate signal from background

Validate search with the measurement of
the known SM processes

L. Z. SMS at Tevatron



LPNHE

PARIS

H— WW

6/3/2013 L. Z. SMS at Tevatron



e
2diile H— WW
« The most sensitive channel for m, > 135 GeV

* Split according to the decay mode of the W
- Dilepton channels have low branching ratios
thus low yield, but also low backgrounds
- Semileptonic channels suffer from big V+jets
backgrounds

* Split according to the production mode - ggH,
VBF and VH
- Split opposite sign dilepton and semileptonic
channels into different jet multiplicities
- Include a search for the same sign leptons,
where one originates from associated W
- Include final states with three leptons

6/3/2013 L. Z. SMS at Tevatron

E 73]
® | @
F oo
c |+ |
Ol C |+
+= | © I
o 28
o
tautjets
muon-+jets
4 _
S electron+jets

Associated production
with W, WH — WWW

is important for precision
measurement;

It probes coupling to the
W boson only!
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Remove most of the Z+jets

Use dedicated MVA to separate
samples intfo WW enriched and
WW depleted regions
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LPNHE H — WW result

* CDF excludes (expect): * DO excludes (expect):
149-172 (153-175) GeV 157-178 (155-175) GeV
* The full WW sensitivity: * The full WW sensitivity:
exp - 3.1, 0bs - 2.9 (@125 GeV) exp-2.9;obs-4.6 (@125 GeV)
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* Sensitivity from dilepton only:
exp-3.4; 0bs-41
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LPNHE

PARIS

6/3/2013

H— bb

L. Z. SMS at Tevatron
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* ZH — lIbb - 2 leptons + 2 b-jets

* Modeling of the Z+jets background;
rejection of the tt background

ZH - llbb  ®

* WH — Ivbb -1 lepton + MET + 2 b-jets

* Modeling of the W+jets backgrounds

* Modeling and rejection of the multijet
backgrounds

H

WH — Ivbb

q

 ZH — vvbb - MET + 2 b-jets
(contribution from WH also)

- H

ZH - vvbb

6/3/2013 L. Z. SMS at Tevatron

* Background modeling and rejection

b
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LPNHE

PARIS

* Key ingredients:
- Lepton, jet and E_

reconstruction

- Jet energy resolution

- b-tagging

- Multivariate techniques to

reject backgrounds

1800
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V(—>Iv)+2 jets, two tags

- D@, 9.7 fb™! —+ Data
vy
Top
[0 V4ht
V+lIf
Il Multijet
] Slgnal (x 50)
=125 GeV

i

(b _+byp)/2

¥ S ¥ T TR Y T
B Jet Efficiency
Operating | Mistag | SECVTX HOBIT
Point rate efficiency | efficiency
Tight 1.4%
Loose 2.9% 47% 59%
L. Z. SMS at Tevatron 13



LPNHE

PARIS

6/3/2013

Key ingredients:

- Lepton, jet and E_

reconstruction

- Jet energy resolution
- b-tagging

- Multivariate techniques to

reject backgrounds
* CDF ZH — lIbb optimized for
each different background
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e

\
kT N Updated ZH — vvbb at CDF

* At CDF, ZH — vvbb updated since last summer
=> new publication using HOBIT is now accepted

* Using HOBIT algorithm: 14% improvement!

b-tagging efficiency per event

Tag category

Ref. |5] This analysis

Two tight b tags 13.7% (SS)  18.1% (TT)
One tight and one loose b tag 13.1% (SJ)  14.6% (TL)
Only one tight b tag 31.4% (1S) 31.6% (1T)

6/3/2013 L. Z. SMS at Tevatron
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TN
SINHE T Updated ZH — wwbb at CDF

* Reject Multijet background with * Separate signal from the remaining

dedicated Neural Network backgrounds using second NN
E m!E +Data  []QCD Multijet [JTop = o
= WV +HF [ JEWK Mistags | vV =]
@ WE e A T 2 &
E s Used to Normalize QCD B %. = ki
P E w
102 a0 | [Eb e ]
20
10

0 0.2 0.4 0.6 0.8 1 01 02 03 04 05 66 07 o083 o8 d
NNgep NN, (m_ = 125 GeV/ic?)

At m =125 GeV: obs = 3.06*SM; exp = 3.33*SM

87 sensitivity improvement at m =125 GeV

* Average expected improvement over the whole mass range: 14%
6/3/2013 L. Z. SMS at Tevatron 16



LPNHE

PARIS

Validation with diboson measurement

6/3/2013 L. Z. SMS at Tevatron
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NHE L
LENRE Validation of results

* For bb analyses, use VZ as a
) i *E 400po, L_<9.7 fb w
signal; measured cross section: g
DO - (0.73+0.32)*SM 1 500 —+— Data - Background

I Fitted VZ
11 s.d. on Background

(a

CDF - (0.59+£0.30)*SM 200

* For WW analyses, use WW as a
signal; measured cross section:

-100
(100110006)*SM IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 50 100 150 200 250 300 350 400
Dijet mass (GeV)
= 7 5 |
‘E T DB. L <9.7fb! 1= 100_[}9’ leg 9.7 o —+— Data - Background
S 400 ™ S B Fitted VZ
b - w —e— +1 s.d. on Background
- —+— Data - Background 50 (b)
300 B Fitted WW
- —— +1s.d. on Background 0
- -501
- - 20
100—_ C 10
: -100 0
0 - -1 -0.9 -O.B -D? 'u'ﬁcyiﬂ5
B 1 I 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1
PRI N T N T U T T T T N T T T W T O B BT '2 -1 .B -1 -E -1-4 '1 -2 -1 -n B -0 5
3 25 -2 15 -1 056 0 05 1 15 |ogm{5}'b)

Iogw(sfb)

6/3/2013 L. Z. SMS at Tevatron 18



LPNHE

6/3/2013

Combined results from DO and CDF

L. Z. SMS at Tevatron
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LPNHE ) Sensitivity of the search

FPARIS
S [ [uR, #sd DO, L, <9.7 b
% 20 ;_ [JLLR, 254 SM Higgs Combination
8 {5 ---LLR, —LLRg,, e
A 21EIINR, TR e Bk
. 210K
Background-likel 3 "t
o 9F
outcomes - B
0F
Signal-like 5F
outcomes 00 1200 140 160 180 200
Y M, (GeV)

 The separation between LLR, and LLR_, provides a measure of the discriminating

power of the search

 The width of the Log Likelihood Ratio, LLR , distribution (1 s.d. and 2 s.d. bands)

provides an estimate of how sensitive the analysis is to a signal-like background
fluctuation in the data, taking account of the presence of systematic
uncertainties

 The value of LLR , _relative to LLR__ and LLR indicates whether the data

distribution appears to be more like signal-plus-background or background-only.
6/3/2013 L. Z. SMS at Tevatron 20



NHE D
=E " p-value for background hypothesis

* p-value for background hypothesis provides information about the
consistency with the observed data

* Local p-value distribution for background only expectation:
- DO: 1.7 s.d. (@125 GeV)
- CDF: 2.0 s.d. (@125 GeV)

-k
=]

@ E T —T —T —T —T —
= - DO, L <97’ = 1-CL,, Observed % E m— Onssrved | O Evesstisg
© B T 1-II!.'.:LIl Expected s L memns Expacied Il SM Higgs signal ] Egpeded+zsd
= __SM Higgs Combination : at each m,, separately
o 1“ % gg — 1-CLI: M_F125 GeV ; {1 B =mis Expaciad if my, =125 Galiie®
T - [ ]| Expected +1 s.d. 5 I
c
3 1t w [] Expected +2 s.d. 5 N e
e = &} F =
% 3 1o E '__.-'*\ E
© - A 20
o h
20 :a- 3
30 10 “l‘; _;h
100 120 140 160 180 200 10 o im0 1e0 1m0 ano
M, (GeV) m,, (GeV/c®)
6/3/2013 L. Z. SMS at Tevatron 21



SHED
LR AE Signal Strength

* Best fit for the signal, signal strength, is consistent with SM within
1s.d.

o " — Observed -~ Expected if m, =125 GeVic?
35 F @ #1sd

- 3 F [ #2s4d
o DO, L  <9.7 fb” -
—e— Best Fit -
2 F

.i1 s.d.

1 I L 1 1 I
[ B T PEETEE I B I R R T
120 130 140 150 160 170 180 190 200 100 120 140 160 180 ‘Em
M, (GeV) m,, (GeVic?)

6/3/2013 L. Z. SMS at Tevatron 22



LpnHE ) Signal strength for various decays

PARIS
D@ CDF
N +0.92 +0.77
Combination 1'4{]—0.83 154—0.?3
+4.60 +4.61
H— >~ 4.20 Tgo0 7Bl Iga0
+_— +4.11 +8.44
H— +1t+ 3.96 ", 3 0.00 "5 oo
o — +1.63 +1.78
H— wtw 1.90 T1-25 0.00 F5- o8
F +1.24 +0.92
VH — Vbb 1.23 7793 1.72 4002
+ +bb +6.60
/ ttH — rtbb N/A 9.49 +2-59
DO, L <9.7 fb’
MH =125 GeV my = 125 GeV/c?
u : o u
] C_DmbIHEd (68%) [ combined (68% C.L.)
o -& Single Channel o B Single channel
Combined - — ttH— tiob | : L
H— vy = H- vy [ [
H- W'W - | - ! H—s W'W~ B——H
H-ott | | - Ho 't B
H— bb w 1 VH- Vbb [ i
| | | | | | | | | | | | | | | | |
0 1 2 3 012 3 456 7 8 9 10 11
t

4 5 6 _
oxB/(ox B)sm Best Fit 6/c,,
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LPNHE ) Summary

PARIS

e Tevatron has ended its'25 years run on Septembar 30™ 2011
- It ran more then 9 years at /s = 1.96 TeV
- It delivered almost 12 fb™ during that period
- We are grateful for all these data

* Two mature experiments, performed very well
- Improvements over the years lead to the exclusion sensitivity
~1*SM for m , < 185 GeV when combining two experiments

* Excess of about 2 s.d. between 120 and 135 GeV in both
experiments is observed, consistent with the SM scalar boson
recently discovered at LHC (for Tevatron combined results see W.
Yao's talk this afternoon)

* Results just submitted for publication:
w http://www-dO0.fnal.gov/d0_publications/d0_pubs list_bytopic.html#higgs

http://www-cdf .fnal .gov/physics/preprints/

6/3/2013 L. Z. SMS at Tevatron 24
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