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Tevatron Run Il

pp collisions at Vs = 1.96 TeV
(1.8 TeV in Run ).

Run II:

Summer 2001 - Autumn 2011.
Collisions at world highest
energy until Nov 2009.

« Energy frontier for ~25
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. years!!
Main Injector ; Two detectors (CDF and DO)

Aol for wide range of physics

studies.

Delivered: 12 fb1.

— Recorded by CDF: 10 fb-2.
— Recorded by DO: 10 fb-2.
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« Both are multipurpose detectors:

CDF and DO Detectors

— Top/EWK measurements, Searches for Higgs and New

Phenomena, and B physics.

« Precision tracking with silicon in 1.5 (CDF)/1.9 T (DO) solenoid field.
« EM/Had calorimeters for e/y/jet measurement.
* Outer muon chambers.
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Constraint on Higgs Mass

e Mass of W Boson (World Average): * Mass of Top Quark (World Average):

Before Tevatron Run Il : Tevatron Run | result:
mW=80.426iO.034 GeV/c? Moy = =178.0+ 4.3 GeV/c?
With Tevatron Run Il results: With Tevatron Run Il results:
= —+ 2
my, 80.385*+0.015 GEV/C m, = 173.2+0.9 GEV/CZ
March 2012
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.was M, < 251 GeV/c?(95% CL) in Spring 2004.
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Observation of a new particle in the search for the Standard Model Higgs boson

with the ATLAS detector at the LHC*
ATLAS Collaboration*®

This paper is dedicated to the memory of our ATLAS colleagues who did not live to see the full impact and significance of their

contributions to the experiment.
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Observation of a new boson at a mass of 125 GeV with the CMS experiment at

the LHC*
CMS Collaboration *

CERN, Swarzerland

This paper is dedicated to the memory of our colleagues who worked on CMS but have since passed away. In recognition of their mamy

contributions to the achievement of this

observation.
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What We Want to Remember!!

|23 Selected for a Viewpoint in Physics ok emdin
PRL 109, 071804 (2012) PHYSICAL REVIEW LETTERS 17 AUGUST 2012
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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
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Tevatron Winter 2013 Combination

Analysis updates in a few channels since last Summer.
Combination of all the available search channels.

Although we know my ~ 125 GeV/c? from LHC results,
we present our search results over full mass range.

Studies of Higgs properties.
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Channels with best sensitivity are:
« my<135 GeV (low mass):
— gg—H—Dbb is difficult to see.

— Look for WH/ZH with leptonic vector boson
decays.

« m,>135 GeV (high mass):
— Easiest to look for H-WW-—=lvlv.



CDF and DO analyses

Channel CDF Luminosity DO Lumiosity
fb! e

WH — lvbb 9.45 9.7
ZH - llbb 9.45 9.7
ZH — vvbb 9.45 9.5
H - 17T 6.0 9.6
WH - lvtt /ZH - llzt 8.6
H - yy 10.0 9.6
VH - jjbb 9.45
ttH - WWbbbb 9.45
H-WW - I*vity 9.7 9.7
H->WW - I*vttv 9.7 7.3
VH - VWW - lll + X 9.7 9.7
VH - VWW - [*1* + X 9.7 9.7
VH - Wjjjj 9.7
H—-ZZ - 1l 9.7

H > WW - lvjj 9.7



Expected limit/SM

History of Analysis Improvement

« Tevatron analyses have been constantly improved.
— Maximize efficiency and acceptance
— Elaborate use of Multivariate Algorithms (MVAS)
— Improvement in b-tag algorithms

— Subdivision of analysis samples into high- and low-purity
subsamples.
Expected sensitivity for CDF searches: (DO sensitivities are similar)
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95% CL Limit/SM

CDF and DO: Combined Limit

CDF

i ' i ! T i j i i ! j T i T I j i i
----- Expected if no Higgs s Expected if my=125 GeVic?

| == Observed ]
[ [ Expected +1 s.d.

—
o
I \III\I‘

95% CL Limit on o,/ o,

DO, L s 9.7 fb™ == Observed
B In
SM Higgs Combination ==="' Expected w/o Higgs
— — EXxpected wIMH=125 GeV
[ Expected +1 s.d.

—

m, (GeV/c?)

CDF excludes (95% C.L.):
90 <m <102 GeVI/c?
149 <my < 172 GeV/c?

Expected exclusion (95% C.L.):
90 <m, <94,96 <m, <106 GeV/c?
153 <m, < 175 GeV/c?

1 | 1 1 1 | 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1
100 120 140 160 180 200

700 120 140 160 180 200
M, (GeV)
DO excludes (95% C.L.):
90 < my < 101 GeV/c?

157 <m, < 178 GeV/c?

Expected exclusion (95% C.L.):
155< m,, < 175 GeV/c?



CDF+D0 Combined Limit

—
o

95% C.L. Limit/SM

[ = QObserved Tevatron Run Il 1. . <10 fin]

| === Expected w/o Higgs Broad excess at 115-140 GeV/c?.
- I Expected + 1 s.d.
[ [ 1Expected +2 s.d.

- == Expectedd

Local significance 3.00 for
m,=125 GeV/c.

1 I L 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
100 120 140 160 180 200

m,, (GeV/c?)

Tevatron excludes:
90<m <109, 149<m <182 GeV/c?

Expected exclusion:

90<m_<120, 140<m < 184 GeV/c?
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Signal Cross Section Best Fit

* Assuming the. SM Higgs * Fit separately by decay mode
branching ratio: for my = 125 GeV/c?:
4 ¢
% :Tevatron Runll, L, <10 fb' SM Higgs combination Tevatron Run 1l L < 10"
35| — Observed o, x 1.5 (m, =125 GeV/c?) m, = 125 GeVic*
- +1s.d. H™ = H » B : ,
3 T e G, x 1.0 (m, =125 GeV/c?) [ combined (8% C.L.)
- £2sd — —— Single channel
25 |
i H— — =
2| TY
15 | Hos WYW
11 Ho T
05 | VH—s Vbb [
0 ; . . il | | ] ] ] | | ]
100 120 140 160 180 200 01 2 3 456 7 8 910
m, (GeV/CZ) Best Fit (o x Br)/SM
o
e — = 1.441322 for my = 125 GeV/c?.
SM 0.56 H

« Consistent across different decay modes.
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Studies of Higgs Couplings

Coupling scale factor w.r.t. SM:
— Ky . Fermion coupling Hff
— Ky, Kz, ky . Boson couplings HWW, HZZ, HVV

O'(VH) . Br(H - bb) = ICIZ/ K%X (0' . Br)SM
o(gg > H) -Br(H-VV) = Klzr Ky X (0 - Br)sy

Follow prescription of LHC Higgs Cross
Section Working Group arxiv:1209.0040.

Assume a SM-like Higgs particle of 125
G eV antiproton




Test of Custodial Symmetry
* Kr floating.
« Compute posterior probability density for

Owz = tan™" (kz /Ky ).

>
B [ e Best Fit Tevatron Run I, L <10 b
c
2 1.5 Mles%CL.
> L[ ]95% C.L. K; floating
= [ — SM=n/4
© 1 |
O
o i
Qo i
g :
o 05
& [
2 I
(a |

0

0 0.5 1 1.5
BWZ

1Owz| = 0-68J—r8142&



Constraint on HVV and Hff Couplings

Assuming:

Kw = Kz EKV

Result is consistent with SM.
Preferred regions around

(ry, kr) = (1.05,—2.40),
(1.05, 2.30)

Negative values preferred for k¢
due to H — yy excess.

o

6

Tevatron Run |

¢ [ ocal maxima

B 6s3% C.L.

L. <10fp"
int

A SM

95% C.L.

) ¢

.}'h"llllifz=1

0.5

1 1.5 2
Ky
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Events

DO Spin and Parity Measurement

e LHC results in bosonic decay modes favor J¥ = 0*.
» Tevatron sensitive in bb decay mode.

— Visible mass of Vbb system is sensitive to J?
assignment. - J. Ellis et al., JHEP 1211, 134 (2012)

WH-lvbb, 2TT HP

40
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25-
20"
15-
10,

%

5F 1

DQJ Preliminary, 9.7 fb™

if |
T

||||||||

* Data
I Multijet
V+If
\{+hf

tt
M single t
mvv
[J0* Signal
(2" Signal
(Signals x10)

M;°° (GeV)

Events

- ZH-5lIbb, DT HP
- D@ Preliminary, 9.7 fb™
401 * Data
3 [l Multijet
35: V4l
30:— = V+hf
E tt
25: A
20+ [Jo" Signal
155 .+. [J2* Signal
g i (Signals x5)
10 *
5~ o
M _ Wy
% 100 200 300 400 500 60

libb Mass (GeV)

£ 509. D@ Preliminary, 9.5 fb”
g 200:_ * Data
L 1805— Il Multijet
. V+If
160 L V+hf
140+ tt
120+ mvv
100= .h [(Jo* Signal
80- [J2* signal
605_ K3 (Signals x10)
40- t
Cova 1 d L , S .
o0 100 200 300 400 500 600

ZH—vvbb, TT HP

M;"® (GeV)
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DO Spin and Parity Measurement 2

L(H1
e LLR = —21log=¥Y " H1=(2++bkg) / HO=(0*+bkg).
L(HO) VH—Vbb
% 200D Preliminary, 9.7 b -4
E_ [ p=1.23 0* LLR +2¢
H1200F —2'LLR
P + %.000: — Observed LLR
Exclude J© = 27 at99.9% C.L. g |
o _|_ 3
(in favor of 07). 8 600
4oo§
200
G560 40 20 0 20 40 8080
LLR

« Suppose excess is admixture of 07 and 2™ particles:

0 1.3
O [ DOPreliminary, L <9.7 fb" = '-Cl Observed
"_ 1.2 :_SM H—)bB i 1'CL5 Expected
1.1 :—02*"'0'0*:03'“ x 1.23 ] Expected 1 s.d.
+ . : [ ] Expected+2 s.d.
Exclude 27 fraction f,+ > 0.42 —
. -
at 95% C.L (in favor of pure 07). ask o
o.7§—
06F
0.5 sl A ...
01 02 03 04 05 06 0.7 08 09 1

2" Fraction



Summary

Extensive search for Higgs boson with full Tevatron dataset.
— Analyses evolved through Run Il to state of art.

— Excluded: 90<m_ <109, 149<m,<182 GeV/c? (95% C.L.)
Observed a broad excess in 115<m,,<140 GeV/c?.

« Higgs Mass consistent with LHC.

— 3.0 standard deviations at my = 125 GeV/c?.

— EXcess is shared between CDF and DO.

— Excess mainly from H — bb.

— o = 1443322 for my = 125 GeV/c?.

Studies on Higgs couplings to fermions and bosons

— Consistent with SM expectations.

— Complementary to LHC measurements.

Spin/parity studies

— DO excludes J¥ = 2% at 99.9% C.L.

— Tevatron combination of spin/parity study is upcoming!
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Events/0.16

Distribution of the Candidate Events

Candidate events in all the
combined analvses:

s F Tevatron Run 1, L <10f”
10" FSM Higgs combination « Data Data - Background
1050, [ Background fit - 250
it Bl SM Higgs signal o Tevatron Run I, L, < 10 fb'——  Data-background
'ID4 [ L . - % 200 SM Higgs combination B SM Higgs signal
E ‘s, my=125 GeV/c” £ 150 SM Higgs sig
an 3T . - ——  +1=.d. on background
10° g ., “ 100
an2f N
10 3 - 50
10 F b ’ .
: + -50 o
1 E -l | -100 E J%
10 s 150 F <
2 f “ 200 m=125 GeVi¢" " == == == _
1':' ;- _EED'|||||||||||||||||||||||||G?."'|Ig|:|]|
af -3 25 -2 15 -1 05 0
10 - log,,(s/b)
af
"ID 1 | 1 | 1 | 1 |
-4 -3 -2
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P-value of the Tevatron Combination

5 10° ETevatron Run I, I_Int <10fb"' == Observed
© .
> 102 & SM Higgs Combination == Expected w/ Higgs
Q S [ Expected + 1 s.d.
-8 10 g c,%x 1.0 (mH=125 GeV/c?) Expected + 2 s.d.
3 = ---.0,x1.5(m =125 GeV/c?)
bt 1 H
S107E " ~ ' 0
o 20
102
109 T s e %0
10 .
.................................... o
10°E, | o v A
100 120 140 160 180 200

m,, (GeV/c?)

« 3.0 standard deviations at my = 125 GeV/c?.

22



95% CL Limit/SM

0% UL LimivoM

-
o
ML

Tevatron Combination by Channel

Tevatron Run II Prellminary H—-bb L= 10 lb -

|
0 bse rved
Expected w/o Higgs

Expected +1 s.d.
Expected +2 s.d.

e

Expected if m =125 GeV/c®

.'..
\.l
..

L.t
.

T PR - P P
90 100 110 120

Tevatron Hun 1] Prellmlnary H—>W L,

130

|nt -

140 150
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T T
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+1 s.d. Expected
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Ls101°b

10 |
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Expected if m,=125 GeV/c®
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1
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Tevatron Run Il Preliminary H—rc T, Lim <10 fb"

- -----IIExpectedwr’onggs o II:
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N |
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E lrr|111I|'rlll'|Irrrllll1|'rllI|l111|IIl1'|1Irl
g B ——— WH+ZH+VBF—jjbb 5.45 fb” Obs ——— WH+ZH-METhbb 8.45 b Obs ]
- I ——— WH+ZH+VBF +jjbb 94516 Exp =~ ----- WH+ZH--METbb 8.45 fb™ Exp
E 3 LEP ——— Hen83it" Obs ———  WH--lvbb 9.45b" Obs
| 10° | ===== Hen83tb'EBxp 2000 =e=a- WH-=Ivbb 8.45 fb " Exp —
- 5 Excl. ———  ZH-+libb 8.45 fb”' Obs ——— Heyy 100" Obs ]
3] I ZH-lbb 845t Exp 0000 m=--- H-syy 10.0 b7 Exp .
i ——  t#tH MET+jets 5.7 fo” Obs ———  tiH l+jets 8.45 fb” Obs T
BE e —— ttH MET+jets 5.7 Exp =~ ----- ttH I+jets 8.45 fb™ Exp 7
g ——  WZ+:621b” Obs —— H-ZZ--419.71b” Obs .
----- W.Z+ex 62107 Exp =====  HaZZ--410.7 fb" Exp
i ———  H-WWorit" Obs 7
————— H--WW 8.7 ib” Exp
2 Combined Obs
10 Combined Exp

10

Sensitivity of Individual Channel

CDF Run Il Preliminary, L < 10.0 fb™

February 27, 2012

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

Old plot, juét for illustration purposes
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Tevatron H—-bb Results, PRL 109,071804(2012)

Tevatron Run I, L, <97 fo”

1{]? LR D L L L e
R Yt s apatp pant. Expacted for m,=125 GeVic® ] Tevatron Run Il, L, 9.7 1" == 1-CL,, Observed
| I Appuming bast B rmim st m =125 Gevic*) oy 1-'I:L|:| Expected
500 s - Expecied for m =125 GeVic? . 10 Summer 2012
I:I 4 = Assuming S8 rate - -t-I s.d.
Summer

B= Predicted

| [ Jt2sd
20121

=]
Background p-value

—
Q

1z

(¢t Oae) X Br{H=bb) (ft)
=
(==

8 g

. Fila ]
100 i

1072 e e ~ = =g = = = = = == === = L

%00 105 110 115 120 125 130 135 140 'I‘g‘ﬁllciE'D 100 105 110 116 120 125 130 135 140 145 180
My (Sevie) m,, (GeVic?)
L] ®
Last Summer: Tevatron Run Il Preliminary H—bb, Lip = 10"
—0_.=0.23+-0.09pb (SM:0.12+-0.01pb)@125 B — Measured ] i2sd HCP
|§' 00 B +1sd B Predicted
—Local max p-value=3.30 @135GeV(global . Expected f m =125 GeVic’ (s,c1.5)
L 400 - Expected if m,=125 GeVie® (o,x1.0}
p-value=3.10) and p-value=2.80 @125 GeV = &
*HCP: F%0
—0_.=0.19+-0.09 pb, consistent with the & 200
summer results. 100

—We find no significant issues with the
: . . 9 100 110 120 130 140 150
previous metbb analysis and stay firmly

m, {Gg‘éﬁcz;l
behind last summer published results. 27




Jet

Im p fove d b —tag g | N g Displaced Tracks |

Decay lifetime

CDF and DO combine information of Primary Vertex o</ Secondary Vertex
secondary vertex and tracks within %o\//

jet cone by MVA (NN and BDT). Promptiracks

ZH—)VVbb AnaIVSIs sample (Pre b taq)

N 4
: = 10 MJDT>-03 DO(95fb)
- Q —-D
3 ; s B =F
- w e B Vih £V
= . —
C [ VH(125) % 50
- 1] NS WU WO N N U A W S —
0.88 :_ ..................
0.86 - --mim- b X
0-84:_ ........ Loose Sethx \ ..................
o u Tlght SecVix : :
0.82 __ ..................................... ; ................. b . .
- NN P N TR PR T 10 15 20

O'H.S 0.35 04 0.45 05 055 06 065 0.7 075 0.8

B Jet Efficiency
Light Flavor | HOBIT Eff. SecVtx Eff. Light Flavor Eff. Lb Eff.
Eff. (OId tagger) O 5% 50%
0.89% 42% 39% . .
4.5% 70% .

8.9% 70% 47%



100

Events/(5 GeV)

50

B-jet energy correction by NN
(CDF llbb channel)

Before NN Correction:

CDF Run Il Preliminary 9.45/fb

| All Sub-Channels

)

+ { ﬁ'ﬁtﬁ " 4

i e L YR YO

0 100

200 300

Dijet Mass (GeV/c?)

« data

| wz

400

ZHf
Z+bb
Z+ce
tt

77

Events/(5 GeV)

WwWWwW
fake Z

1 [] 1 (125)x 50

After NN Correction:

[o)]
o

CDF Run Il Preliminary 9.45/fb

40 |

20 |

L All Sub-Channels

- data
ZHIf
Z+bb
Z+cc
tt

] 77

{H Wz
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CDF: ZH — llbb Analysis

— - - H™.
« efe"orutu~ +2or3jets. <

: : : : : : a’ . :
« e /utrigger + MET trigger (for u’s which trigger failed to identify). b
* NN B-tagging algorithm.
— Two operation points CDF Run Il Preliminary 9.45/fb
(T/L)_ é AII-S.ubChanneIs . data
_ SUbd|V|S|0n Of events to § 200 :—showmg: ee uil Twolet Threedet TT TL Tx LL —: 7+
4 b-tag categories Yo # | & Z+bb
150 - Z+ce
(TT/TL/TX/LL) ; o 10 ¢
« Trained 3 NN to further o0 b f {0 zz
bdivide analysis sample T I B WZ
Su - ._ Jr | 1 ww
— Separate signal from tt, 50 F 4 + {1 fake Z
Z+jets, diboson. C5:, . 10 zna2s9)xs0
. L S =t :
 Final discrimintnt NN 0, 0.5 1
trained to separate signal ZH (125 GAV) Discrim|nant
from all backgrounds. _— Z+jets diboson ignal
like like like
Candidate | [ 2\ L[ Z+jets NN || Diboson NN -
event




Systematics (CDF lIbb channel)
B %

Luminosity 6

Trigger efficiency 1-5

Lepton energy scale 1.5

ISR/FSR 1-15 o
B-tag efficiency 5-20 Process

Jet energy scale 5-15 Mis-IDZ 50

Z +bb/cc 40
tt 10
6

Signal xsec/br 5
Bkgd. Normalization 6-40

Diboson

* The effect of Jet Energy Scale on the distribution shape is also
considered.

* Sysyrmstic uncertainty degrade sensitivity to ZH signal by
approximately 13%.



DO:H-W*W ™~ - 1Tl” + MET
Channel

Events/0.06

ete™, utu~ oretyut pair W|th|n Mu > 15 GeV.
« BDTtoreject Z/y* —»llinete™, u*u~ events.
* gg— H,WH,ZH,VBF are considered as signal.
— Events with different jet multiplicity have different s/b composition.
— Separately analyze 0, 1, =22 jet bins.
« Subdivision of sample into WW-enriched/depleted by WW-BDT.
« Train a final BDT discriminant against all background.

antiproton

Distributions of the Final discriminant (only showing 3 uu channels out of 14 orthogonal subchannels):

T [T} T T T T T ] ﬂ 1“5E_| L DEI![EI 'a
104 kD@, 9.7 fb ,up+ET_EJ."I'“';§a| % 2 104ED@, 9.7 b, up + ET:E?;ﬁal 4 s  fD@. 0.7 b, + ET_S.gnm ]
F (b) oz 1 3 () Ozqets 1 £ 10'F ©) e T
3L 0j MDiboson T 42l0i MDiboson 3 > i iboson
10 :EO jet . BWoae @ 8 10 E0 jet =il B ol 22 jet DW-jets
- WW-enriched pmultiet 3 FWW-depled Ehﬂultiiet w E El'-'lulmet 3
1 ﬂz .t{ 10% TI C trree o L} ]
E ElBkg. syst.? E _ Bkag. syst._? 11]2_5 ----- . EBkg. syst._] +
B . TR ahFTC, e = 7] 10 o 280 hd e e e = o
B E E 3 wgE =
' E T
10 i 107 3 101

.2 04 0.6 ] 0.2 04 0.6 0.8 1

1] 0.2 04 DG 0.8 1 . . 0
0-jet WW-enriched Final BDT 0-jet WW-depleted Final BDT 2 jets Final BDT



General Strategy for Improved Sensitivity

Analysis improvements we just reviewed are implemented for
most of the channels.

« Utilize Multivariate Algorithms (MVA) for better S/B
separation.
— Neural Net, Boosted Decision Tree, Matrix Element, etc.
— Training of multiple MVAs in many channels.
« Maximize trigger efficiency of each analysis.
— Analysis of events through different triggers.
 Improved b-jet energy scale measurement (low mass analyses)
— b-jet energy correction based on NN at CDF.
 Improved b-tagging (low mass analyses)
— Algorithms based on MVA.
« Divide analysis sample into high/low purity subsamples.
— Subdivision due to lepton and b-tag quality.



Events/0.16

2013 Collected Event Distribution
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2013 Best Fit oy - Br/SM

| Tevatron Run II, L < 10 fb”
T m,, = 125 GeVic?
evatron - Combined {68% C.L.)
- —f— Single channel
H—=vy : = :
H— W'W
H-= 11
VH— Vbb [
TSt pe,L e
my = 125 G Best Fit (¢ % Br)/SM —
CDF [ combinea g8 c.L) | MH =125 GeV
—B— Single channel DO 7] Combined (68%)
_ — -8 Single Channel
tfiH— ttbb - ’ =
Hosyy - i - Combined [-
. H—
Hos W'W v
Hos o H— WW |-
_ H— t't |
VH—Vbb
[ R M N N A B H— bb
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Posterior density

Posterior density

HWW, HZZ and Hff Couplings

Kr=Kw=1 __

- - Local maxima

0.5 M es% cL

[ [ JeswcL SM=1
04F

03

Posterior density

02F

01

Ky =-1.277335,0r1.04 < K}, < 1.51
K; = £(1.05%3%2)
K;=—2.64%133

Negative values preferred for K, and
K; due to H — yy excess.
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HWW and HZZ Couplings

* Kf floating. 2" | Tevatron Run L <10
3 [« Localmaxima 4 SM
_ _ _ L [l68% C.L. 95% C.L.
* Result is consistent with SM. of <. floating
* Preferred region around: _
or
_1:_
_2-IIII|IIII|IIII|IIII|IIII

o 05 1 15 2 25

Ky
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=

oxBH —vy)/SM
=

H — yy Limits by Experiment

s = 3 DOH - yy
= 4. D@96 L
= CDFH-vyy | =2 F
s g 400 —Observed
- = 95F --Expected
] ; 30F [JExpected + 1 s.d.
e agE [JExpected + 2 s.d.
@ 20F
- 15F
- —s— Observed limit (10 fo™) -
-~ —— Expected limit 10F
M 68 C.L band =
a5% C.L. band SE
— SM = 1 1:'|||||||||||||||||||||||||||
T T T/ I TV B TV R . T/ R - | 100 110 120 130 1M4D GTFD
my, (GeVic?) n (GeV)
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Coupling Factor for H — yy

-

(H — yy) = T(H — vy)sm % [1.28 £y — 0.21 kg
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DO Spin and Parity Measurement 2

VH—Vbb VH—Vbb
0 E — =1 p— o . r —0"
‘QGOOPQ Preliminary, 9.7 fb™ _§: 'ElEE ﬂc = 400?6 Preliminary, 9.7 fb™ _§: EEE ﬂc
-54005_ p=1.00 —2 LR '52001— =128 —2'LR
§200'— — Observed LLR % - — Observed LLR
() - 000
gooo- £ st
§ 800? § 800E
’-‘-eoo;— n.GOOE—
200F 200;—
% 208030 560 40 20 0 20 4060 30
LLR LLR
Channel WH — fvbh ZH — b £ H — virbb Combined
J¥ =0T yg, J¥ =01
CLat Exp. (p = 1.OO) 015 ] 0.035 00004
C'Lyy Exp. (p = 100} 0.5 0.5 0.5 0.5
'Ly Obs. (g = 1.00) 0.153 0.154 0.017 0.007
' Lpe Obs. (u = 1.00) (0.847 0.693 0.359 0.849
1-CL s Exp. (u = 1.00) (.0946 0.540 0.926 (0.99495
1-CLs: Obs. (u = 1.00) 0.831 0.778 0.948 0.992
C'La+ Exp. (p = 1.23) 0.005 0.052 0.021 6= 107"
C'Lgy Exp. (p = 1.23) 0.5 0.5 0.5 0.5
CLor Obs. (u = 1.23) 0.013 0.097 0.008 0.001
'Ly Obs. (u = 1.23) 0.503 0.675 0.346 0_855
1-CL: Exp.(u = 1.23) 0.975 0.897 0.958 09999
1-7Ls Obs.(p = 1.23) (0.803 0.857 0.976 0999
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