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Higgs Discovery

* More than one year ago!

* Just the beginning; a lot of work
has been done since then.

* Will try to summarize it in this talk.
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Is the New Boson the SM Higgs?

Does it couple to the SM particles at appropriate level?
Is the signal strength, where seen, at the correct SM level?

Is this a , and not a pseudo-scalar or tensor?
Is this the new non-vector boson, and not one of several?
Does it ?

Luckily, the mass of about 125 GeV allows us to answer many
of these questions experimentally ©

* Answers began to emerge by Moriond2013 already
* Others will, with ~100 fb~* (circa 2016)
* Self-coupling needs O(1000) fb~! — a decade of work ®




Standard Model Higgs Production

Gluon fusion Associated Production Vector boson fusion
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Standard Model Higgs Decay

We search for several Higgs decay channels.
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Couplings to Vector Bosons




[ CMS HIG-13-002 ]

Decays to ZZ to 4-light leptons

ZZ production
for My, > 2M,

Clearly observe
production of Z

decay to 4 1{

leptons

o Cluster of
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H 92294' Resu ItS my = 125.8 4+ 0.5(stat.) + 0.2(sys.)GeV

Build log likelihood discriminator for
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H2>WW = I MET

CMS Experiment at LHC, CERN

Data recorded: Thu Apr 19 09:14:14 2012 CEST
Run/Event: 191721/ 76089774

Lumi section: 111

Orbit/Crossing: 28960009 / 815




* Compatibility among different final states

significance

[ CMS HIG-13-003 ]

Evidence in WW mode

* CMS sees broad enhancement compared to background only hypothesis,
consistent with the SM Higgs @ 40 (expectation @ 50)
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H->vy Candidate

CMS Experiment at the LHC, CERN
Data recorded. 2012-May-13 20:08:14 621490 GMT
RunvEvent: 194108 / 564224000

9/21




[ CMS HIG-13-001 ]

H->vy Results
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* Not yet sensitive at SM level
* Search motivated by potential new physics contribution

* Interesting mode for HL-LHC




Couplings to Fermions




H->bb (VH)

Gluon fusion signal is overwhelmed by QCD

weighted entries / 15

Associated production with W (Iv), Z(ll, vv) probed

[ CMS HIG-13-012 ]

* Observe a broad excess compatible with S|gnal at low mass
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H->bb (VBF)

[ CMS HIG-13-011

]

: VeCtor Boson FUSIOn PrOd UCUon Tagged by Forwa rd Jets \--g\k‘zﬁﬂ___&N*-“—“ﬂu“
* Difficult to trigger — 4 jets (+ 2 b-tags at Higher Levels)

* MVA with b-tag sorted jets
kinematics
gluon likelihood
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[ CMS HIG-13-004 ]

Final states VBF + GF:
U, UK, €Ty, Uth, Tty

H—>1tt Results

VBF Process ' Also, VH (WH & ZH)
Uy, tt, vy, Un,

* A2.90 signal @ 125 GeV is emerging (expected 2.60)
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* 3.40 evidence for fermion coupling combined with bb.




[ CMS HIG-13-019 ]

Direct Search for Top Coupling

Search for decays to two b-jets, T-pairs or y-pairs accompanied with top-pair

CMS preliminary bb, T, 7y \s=7TeV,L=5.0fb";ys=8TeV,L=19.5b"
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Standard Model Combination




[ CMS HIG-13-005

SM Higgs Signal Strength (25 fb™)

\s=7TeV,L<5.1fb' \s=8TeV,L<19.6 b’
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* All channels compatible with SM Higgs hypothesis, both for decay
and production modes

* Will improve sensitivity in Run2




CMS HIG-13-005 ]

Higgs Properties: Mass, Couplings, Spin
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Beyond the Standard Model

There are many possibilities that change the precise predictions of the minimal
higgs sector of the Standard Model

* Fourth (heavy) generation of fermions modify H couplings
* Enhances SM4 higgs cross section over SM
* Already ruled out in entire parameter space with 2011 data
* Fermiophobic — fermion mass of different origin than higgs
* Changes low mass higgs production & decays dramatically
* Also ruled out for 126 GeV object

* Beyond minimal higgs doublet field
* Two higgs doublet model (2HDM)
Multiple higgs bosons: 3 neutral and 2 charged
Minimal Supersymmetric Model (MSSM) requires 2HDM
* NMSSM, triplets ... have even more higgses
Very light pseudoscalar higgs, Doubly charged ...
* We are looking for additional Higgs bosons




H—=>Invisible: VH & VBF

H associate production with Z(#)

J

CMS HIG-13-018

[

* Requiring high reduced E Miss

Balance of P;% and recoil
* Jet and additional lepton veto
* Analyze shape of M(Z,H)

95% CL upper limit on
BF(invisible) = 75% (91% expected)

VBF associated higgs production

(Y

CMS HIG-13-013

[

® Special VBF+MET triggers &
big effort to reduce QCD BG

. Z(vv)+Jets background
predicted using Z(uu)

95% CL upper limit at 125 GeV on
BF(invisible) = 69% (53% expected)

95% CL limit on 6, xBR,,_.... [fb]
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[ CMS HIG-13-014 ]

Search for a high mass higgs

(CMS preliminary, ys=7 TeV [ L= 5.0fb”, ys=8 TeV | L= 19.6fb"
1

CMS preliminary, [L=5.0fb™ at Vs=7 TeV, [ L=19.6fb™ at Vs=8 TeV ?’l;ogg_ ;
s 07— T T1 T T Tt 1 T T T [ T T T ] S
© - — o r
T - ] o 0.8:—
38 T | SM: H>Z7Z = (4], 2127, 212v, 212j) ] D orf
%V% £
L § odf
- 2 oo
¥ o.E_l— Expectedt|26 %Efpected Dlobserved
G200l I ‘400I I ISOI.')I ) I800I I |1000
10" Higgs boson mass [GeV]
\ . o . . . | . . . | . . . : CMS preliminary, /s=7 TeV (L= 5.0fb™, (s=8 TeV [ L= 19.6fb™ 1 OOE
200 400 600 800 1000 s =
Higgs boson mass [GeV] g
* Search for EWK singlet partner of H(126) 8
* Assume similar gg/qq contributions to total 1
production
* Scan different relative widths and BR
10




Summary

* Impressive performance of the LHC and the CMS detector

* The CMS Collaboration successfully covered a large Higgs
program over the past years

* The observation of the new boson was confirmed by the latest
data

* Everything points to a SM-like Higgs

* Waiting for new data! 2015 will be the starting point for a new
era: precision measurements of Higgs properties, new
channels, BSM searches...

More details on the public CMS web page:
http://cms.web.cern.ch/org/cms-higgs/results
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The LHC
High luminosity pp

CO"'S'OnS CMS Integrated Luminosity, pp, 2012, .'s -~ 8 TeV

@ 2011: 6.1fb—1 at7 TeV
@ 2012: 23.3fb~ ' at 8 TeV

Data included from 2012-04-04 22:38 to 2012-12-16 20:50 UTC
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Congratulations to the accelerator teams for the excellent
performance !! J




The CMS detector

CMS is a fast-electronics detector, embedded in a 3.8 T solenoid,
providing a precise 3D event reconstruction.

CMS Detector

@ Inner Tracker (silicon pixel
and strip detectors)

@ ECAL (PbWO, crystals)

@ HCAL (brass/scintillator
samplers)

@ Muon Chambers: Drift
Tubes, Cathode Strips, and
Resistive Plate Chambers

Tracker

Taking data during 3 years with an efficiency above 96% in all
subdetectors !!!!




Object Reconstruction

The Particle Flow algorithm attempts to reconstruct all the individual
particles in the event: photons, charged and neutral hadrons,
electrons, and muons.

@ Muon: Matching tracks in
inner tracker and muon
chambers

@ Electron: EM cluster with an
associated track

@ Photon: EM cluster without an
associated track

@ Jet: Cluster in EM and @ Tau lepton : Narrow jet with matching
hadronic calorimeters (and track(s)
inner tracker)

@ MET: pr required to balance all of these




H>77




H—>Z77-2> 4l Kinematic Discriminant

* Decay angles carry information of scalar

Events / 0.033

(SM H), pseudo-scalar vs spin-2 decay

versus ZZ production = build kinematic

discriminant KD
* Cut on KD cleans up signal and reduces

background
CMS Preliminary Vs=7TeV,L=56.1fb";\ys=8TeV,L=19.6fb"
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Use Angular Information

* Reduce BG further & study additional properties of these
events

* Angles shown carry information of scalar (SM H), pseudo-
scalar vs spin-2 decay versus ZZ production

JP-dependent Kinematic Discriminant (Kp)

A
KD — PSIg / ( PSlg + Pbad( )! 2(q) / H'OI g /ﬂ(‘:(l‘ 0, .','
:/; .'ﬂ'" f “; (q) T’i
{ ‘i":} “u | "u '
0, £~ "u

where !
Psig.back = f(mMy, Mo, 61, 02, @1, 0%, | my)




Pseudoexperiments

The new boson is scalar like!

Angular analysis of ZZ using KDs for 0*, 0—, 1 and 2*
Disfavors 0~ over 0* by CL¢ value of 0.16% and 2* by 1.5%

CMS preliminary Ys=7TeV,L=5.1fb" ys=8TeV,L=19.6fb"

0.1

0.08

0.06

0.04

0.02

_IlIlIIIIIIIIIIlIIIIlIIIIlIIIIJ_

T T T I T T I T T T | T T I T T I
11 | I | 11 I | | | I 11 | I 11 | I

0 et , -100 m o a1

-2 X In(Lo_ /Ly)

Spin 1 disfavored by a lot

Pseudoexperiments
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H->WW




H—- WW — 220

e Two high pr OS isolated leptons, large £,
mass not reconstructed (mr)

@ Large branching ratio
@ No mass peak

3 jet categories: 0,1 and 2 jets (VBF)

Two analyses in the 0 and 1 jet category:

@ Same Flavour: _Cut-based
(Agy, pimax plminm, “mr)
@ Different Flavour: 2D shape my and my

Two analyses in the VBF category: m
@ Same Flavour: Cut-based
@ Different Flavour: Shape analysis my

4

overts ! 10 GeVie?
bo 8 8 & B B H

-
LR SN TR o

data ! NC
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[ CMS HIG-13-022 ]

VBF Production: H2>WW = I* '~ MET
* VBF enhanced by requiring tag jets Q—'/

k/]fW, Z -
* Isthe signal due to vector boson fusion? L e

*  Small excess observed q 4._%2
*  More data are required: ~100 fb™! at 13 TeV for observation exclusively

this channel

c — 1 ¢ N o CMS Preliminary Vs=7TeV,L=4.91b";(s=8TeV, L=19.5 fb"
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[ CMS HIG-13-017 ]

Search for VH, V=2jj & H2>WW - I |- MET

* Interesting test of production of ggH vs VH
* Not yet sensitive at expected SM level

= T T T s 350 : ; ; g —
8 | -e data I W+jets  CMS preliminary | = : -- median expected C;MS prelimihary -
000 " —toxggH  WVsivey L=195f7 7 °© 30 ©oexpected=lo | — 195" s=8TeV. ... ]
Al —10x VH top s =8TeV 1~ : expected + 20 : -
; - Wwz/zz BDY+jets VvV e » —e— observed -
= N\ R ‘

2400 e |
L = 20_—_;’-\;; ''''' L o R
15

200 O 5;
1 B
'S 10:5
0 S5
% 2; g :l 1 I L
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5 031, | | | Higgs mass (GeV)
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H->vy




@ Two isolated high py photons
@ Search for a narrow mass peak, m,.,

in a steeply falling background distribution
@ Small branching fraction

CME Pralrrsioary
Simulation

8

®

Al Cumgories Cortiree

Brerts /{05GaV)

8 bk 8

-
»

Two incusive analyses:

-
o

@ MVA-based selection: MVA for A—
shower shape and isolation, e
kinematics and m,,, resolution

@ Cut-based selection (cross check)

# of events/0.04
n>
o

Exclusive analyses:

g v v
. -

@ VH: e, u, and MET
@ VBF: 2 dijet categories

4 0. . 0.5 1.0
di-photon BDT
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hted Events / 1
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o

S/(S+B) Weig

Combined Weighted yy
ctrum

Spe

7TeV, L
8TeV, L

CMS Preliminary
5.1 fb' (CIC)
19.6 fb' (CIC)

------ Bkg Fit Component _|

CMS HIG-13-001

:— CMS Preliminary
5.1 fb' (CIC)
19.6 fo' (CIC)

(S+B) Weighted Events / 1.5 GeV

Cuts in Categories combining all categories and both years
ross-check Analysis with lower sensitivity, but is simpler in some respects.
The best-fit signal strength, o/o,,: 1.11+0.31 at m,;=124.5 GeV

m,, (GeV
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Weighted mass distributions (for visualisation only).

Events weighted by the S/(S+B) of its category.

III

my T I LB} L] T I T T T T L] T I T LB} L]
- CMS Preliminary —4— Data

[ fe=7TeV.L=511"(Mva) — SHFt
-—-— Bxg Fit Component

C1+10
= =20

- Y2=8TeV.L=19.6" (MVA)

Illllllllllllllllllll

PN T N T TN N T N T T T N Y Y T S N T T T W A OO

110 120 130 140 150
m,, (GeV)

MVA analysis

>
@
(O]
05000
=
§4ooo
()]
T
53000
o
L
TP000
@
<
51000
+
2
o O

-l T I T T T T I T T T T I L) T T T I T T
L CMS Preliminary —4— Data

[ fe=7TeV.L=5.1f'(CIC) — StBFt
-—-— Bxg Fit Component

L0
= 20

Illll

{2=8TeV.L=19.6 " (CIC)

lllll lllIIIlllllllllllllllll

llllllllllllllllllllll

PN T N T T N T N T T T N T TN T [N TN T S N OO

110 120 130 140 150
m,, (GeV)

Cut-based analysis




Local p-value

Signal Significance & Strength

CMS HIG-13-001
CMSN\Ns=7TeV,L=51fb'\NVs=8TeV,L=19.6
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MET
Electron
Muon
Di-jet loose
Di-jet tight
Untagged 3
Untagged 2
Untagged 1
Untagged 0
Di-jet
Untagged 3
Untagged 2
Untagged 1
Untagged 0

—+—Jl}——— CMS preliminary
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Best Fit o
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MVA SM
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Data
(Background MC agrees)

CMS HIG-13-001

Signal Strength by Event Class

MET
Electron
Muon
Di-jet loose
Di-jet tight
Untagged 3
Untagged 2
Untagged 1
Untagged 0
Di-jet
Untagged 3
Untagged 2
Untagged 1
Untagged 0

CMS preliminary
Vs=7TeV,L=51fb"(
\s=8TeV,L=19.6fb"

-l Event Class

[ combined

- m, = 124.5 GeV
0/0gy =1.1140.32

Signal MC




H->tt




CMS HIG-13-004

VBF / GF Event Characterization

Jets pp > 30 GeV All ca}tegories are fit simultaneous

pr T (T /

r
1 Jet, Low Pr BF
Enhancement from Jet -

Requirement 7 Jets

‘ Rapidity Gap Veto

/

0 Jet

High Background
Constrains fit

v Used to fix An>3.5

normalization &
tau efficiency

1 Jet, High p,
Enhancement from p;
and Jet requirement
Better Mass Resolution

M, > 500 GeV

Clean + Better Mass
Resolution

l l l

Signal is negligible Gluon Fusion Enhanced VBF Enhanced




H— 77

Final states:

[ATh, €Th, ThTh, [Lit, €, VH(TT)

Divided in jet categories: 0 jet (control),
1 jet, and 2 jets (VBF)

Broad excess compatible with a Higgs
signal at low mass. J

Significances for my=125 GeV:
observed 2.90, expected 2.6

Signal strenght: 0 /ogy=1.1 0.4

Combined with VH(bb): 3.4¢ evidence
for H to fermions coupling

|-§‘u|

T

S/B Weighted dN/dm_ [1/GeV]
=

CMG Prefiminacy, (Se7-8 ToW L« 243", M-zt

Lol pvalue




Signal Strength for H to tt

* Breakdown by category & by channel

CMS Preliminary, H—-tt, L=24.3 fb™' m, =125 Gev CMS Preliminary, H—-tt, L=24.3 fb™! m, =125 Gev
T — T T T — T T 1
- —® Hu
—r- 1-Jet :
* eLL
. 2-Jet (VBF) . Thh
» et,
. VH-1t+l _._ e,
: * VH-1t+l
—p— Combined
: ! Combined
L PR R A | A B |
0 2 4 0 2 4

best fit for o/ s best fit for o/ s P




H->bb




VH(bb)

NE S

e Final state with 2 central b-jets plus & “° %&ﬁ:‘ E
the decay products of the : 300[- ————
associated V (leptons and/or v’s) ook E

@ Main backgrounds: V+jets, VV, top. 100 ]

0
Important to test coupling to fermions §1_§1z_
> S s

0‘ E— " "

Signal optimization: BDT shape ”;; sof_ CWIS Prefiminary ",
analysis based on jet and V kinematics, |5 _[ 5 e — il
and b tagging. 2 1 — s st
gg g J g’ 40:_ B visinie MC stat. uncert
Dijet (bb) mass distribution for all the =
channels combined, weighted according of - =
to its S/(S+B) 0500 0 H0 250
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[ CMS HIG-13-015 ]

Direct Search for Top Coupling

CMS Preliminary {s = 8TeV L =19. 6fb ™

% E_ ttH(—Yy) hadronic channel —4 Data
Search for Higgs decay to two photons with top-pair L —
; T +1o
g 6; [[Jz2
w e []1xsmm,=125Gev
5
Hadronic: *
4j, 2b, 2y
. 2
Leptonic: )
2(, MET, 2y
100 120 140 160 180
m,, (GeV)
CMS Preliminary Vs = 8TeV L = 19.6fb ™
354.5; ttH(—vY) leptonic channel + Data
E‘; 43_ E’::jModel
Sasp ez
@ 3;_ []1xsmm,=125Gev
Process Hadronic Channel Leptonic Channel 25
ttH 0.567 (87%) 0.429 (97%) 2—
gg — H 0.059 (9%) 0 (0%) 1-5;*
VBF H 0.006 (1%) 0 (0%) 1*
WH/ZH 0.019 (3%) 0.013 (3%) 0-5;*
Total signal 0.65 0.44 00 1Z0 o 1a0 . 160 180




ttH(~7)

Two different analyses to maximize
the sensitivity:

@ Leptonic ff decays
@ Hadronic tf decays

Search for a narrow peak in the
diphoton mass distribution

Limits @125 GeV:

@ Observed: 5.4 xogpy, 95% CL
@ Expected: 5.3 xogy, 95% CL

CMS Prelimisary 13 = 8TeV L = 10.815"

CMS Prefiminery 1o = 8TeV L= 10.800"
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ttH(bb + 77)

Fost-FR (S+8)
CMS Preliminary (s w8TeV L« 195 15"

e H— bb: 2 or more b jets; tt in the i
dilepton and lepton+jets channels

@ H— 77 7p7p; ttinto lepton+jets (with
1 or 2 b-tagged jets)

______________

Analysis performed in several categories
divided in jet and b-jet multiplicity

08 06 04 02 0 02 04 08 =21 Bkg. Une.
BOT output

CMS sralmnary LeptoneJut, Diagten, Teu FesToV Le1050"

Signal optimization via BDT’s based & 0w
mainly in kinematics and b-tag B o et o
information. % tof— 777 Pt
o
Limits @125 GeV: I
@ Observed: 5.2 xogy @ 95% CL g
910l = l118l = 'uo' = lil‘ = li.ﬂ‘ = l‘SI = l140

@ Expected: 4.1 xogy @ 95% CL my, (GeV)




H->Invisible




Higgs to invisible

CM3 profiminary, ZH-» B+MET, [5=80 ToV, | L=19.6® °
T S

@ Higgs decaying into invisible
particles i.e. non-SM decays

Taawwiwesets aew) [ 72

“““““ P INryv— .zz-.m'
— D25 ® dea

(ee+up)

@ You can always find a model that
predicts such a decay, and anything
you want =) 2F
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800 1000
M, (Z.H) [GeV]
CMS Prelminary

@ Search for associated production
with a Z boson

:lvvv-lvvvvl-v-vlvvvvlvvvvlvv- T T l':
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@ Z boson decaying into leptons (ee,
fL1t)

—h
2] ) [
LI} lllllllll
|

—h
LI

e
Iml i

.l....l....l....l....l....l....l....l....l.:
105 110 115 120 125 130 135 140 145
M, [GeV]

Q
TTT

BR(H — xx) < 75% (< 91% expected)
@ 95% CL

For my = 125 GeV: J




Combination




[ CMS HIG-13-005 ]
Compatibility with Being SM Higgs

* Excesses seen in ZZ, WW and yy in both experiments

* Signal strength ~consistent with SM Higgs

CMSPreIlmlnary is 7TeV L<51fb \s aTeVL 196fb

b% o5l H — V7Y |+ H— ZZ 4+ Combined
B < ——= |+ How
2.0 Statistical and
i | systematic errors
1_5}_ { included
1.0 .
0.5 .
0.0~

| l | | | l 1 ! | l |
124 126 128
my (GeV)




High mass higgs




H — ZZ - High mass

ASerzasin H_ZZ - 2120

@ 3 categories (0, 1, and 2 bjets)

. L e Two leptons + £ from the v’s
@ Signal optimization based on

@ Optimized for gluon fusion and

decay angles VBE
<CMS Proliminary 2012 5.0,19.61b" 15=7.8 TeV CMS prefiminary, fB=7 TV | L= 5.00", 5= ToV | L= 19.600"
S _ 11 é [ T T T T T T T T T T T T T T T T T ]
o -+ Expected - — oy
B [ I Expected = 68% CL 510_ —— meden mpacted |
S 4 ' || Expected + 95% CL | " F xpected o
R - Observed 1t P——
o - T
® I
¥o) [
o [
3 L
0-‘1“‘1“‘1‘ L £ I TR T S [N TN TN TN (NN TN TN SN NN SO S S |
300 400 500 600 10 200 200 600 800 1000
m, [GerCQ] Higgs boson mass [GeV]

Both analysis combined with H — ZZ — 4/ from 200 GeV to 1 TeV




MSSM Higgs




MSSM Higgs

* Higgs sector in SUSY theory is more complicated
* Need 2 higgs doublets each with 4 degrees of freedom
 Results in the Standard Model like Higgs (h°)
* Plus, two neutral higgs (A%, H°) and charged (H?)
- However, only 2 parameters (M,, tanf3 — ratio of the two doublets
+ Masses of higgses and Z related: Search in (M,, tanf3) plane
* Neutral Higgs
 Look for ¢=(h% A° HO) in decays to tau-leptons
« Charged Higgs
 Look for H* in top decays
« Enhanced ¢=(h°, A% HO°) coupling to b-quarks and t-leptons
* Production rate enhanced x tan?f3
 Gluon fusion with b,t loops + associated b quark production
» Decays to b-quark and t-lepton pairs enhanced at all masses




Implications of SM Like H126
on MHMAX scenario

Phys. Lett. B 710 (2012) 201

60 Modified m, . scenario
50 X, ~1300 GeV
40

Q_j* B

§ 30 tanj3

Allowed -

20
i [
100 150 200 250 300 350 400 450 500
M 4 (GE‘V)
Interpret as CP-even light h with
123 <M, <127 GeV i | |
(theoretical uncertainty on M, + m,, ) N M,

Allowed region Strip in MA'tanB (W) : M, =12551+1 GeV, (W) : M), = 125.5 + 3 Gl

mhmax scenario X,: stop mixing paramater




Mass of Tt : 17 fb~! Data

dN/dm__ [1/GeV]

63

CMS HIG-12-050

Tau pairs reconstructed in decays to muon + hadrons (1 or 3 prong)
Kinematic fit to obtain tau pair mass — used to search for H to Tt contribution
Two categories: non-b-tagged and b-tagged to enhance bbd

CMS Preliminary, \'s = 7-8 TeV, L = 17 fb"' T Ty,

04 T T T I T T T I T T T T T T I T T T —
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MSSM Higgs Summary

60

Friis (Wisconsin)

64

MSSM m"** scenario, M

CMS Hzt 17/fb
CMS H' 2.2/fb

= CMS bHbb 4.8/fb
e ATLAS Hrt+Hpup 5/fb
ATLAS H' 4.6/fb
= D0 7.3/fb

LEP

SUSY

=1 TeV

9
m, [GeV]

600 700

ATLAS CONF 2012-11

CMS PAS HIG-12-033
CMS PAS HIG-11-019
CMS PAS HIG-12-050



CMS nggs PI‘O]eCthIlS

rOJechon
Expected uncertainties on — laoc Im ;z (5 I NYTe IMWM
Higgs boson signal strength F—1 3000 M at (5= 14 TeV Scenaria 2
Hayy { {
H— WW 1 i
H- 22 { {
H— bb - l
H—1 f 4
. L . PR IS ST S S S
0.00 0.05 0.10 0.15

expected uncertainty

L) H—-7 HoWW|HSZZ|H—=bb|H=1t|H—>Zy | H= inv.
300 [6,12] | 6, 11] [7,11] | (11,14] | [8,14] | [62,62] | [17,28)
3000 [4, 8] [4,7] 3,71 15,71 [5,8] | [20,24] | [6,17] |

Assumptions on systematic uncertainties
Scenario 1: no change
Scenario 2: Atheory / 2, rest oc 1/{L

Extrapolated from 2011/12 results




