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In this talk

The analyses which explore the

H—2Z2")—= 4l and HWW{)—2l2v decays
with enough sensitivity in the low mass Higgs sector
to contribute to the discovery
and properties measurement
of the H(125) boson will be described

+
%atest news on the combined results of all the
ZZ channels searching for
additional SM higgs-like bosons
in the high mass region
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Contributors

my range Lumi (fb)
H deca Prod-Ta
y 8|  [Gev] [7/8 TeV]
o/1-jets 110-1000 5.0 /19.6
2Z->4] ,

22jets 110-1000 5.0 /19.6

o/1-jets 110-600 4.9/19.6

ol VBF-tag 110-600 4.9 [ 12.1
WW-lulu WH-tag 110-200 4.9[19.6
VH-tag 110-300 4.9 [19.6

\ New analysis.

All other results already shown at Moriond 2013
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H—ZZ(*)— 4]

CMS Experiment at LHC, CERN [

Data recorded: Fri Apr 20 12:35:44 2012 CEST g
Run/Event: 191856 / 53791282 v '
Lumi section: 64 i \

w(Z,) p;: 22 GeV
p*(2,) p; : 58 GeV

4-lepton Mass : 125.2 GeV

w(z,) p;: 33 GeV H*(Z,) p; : 16 GeV
1) Pr:

H—-ZZ—pupp
candidate

CMS-PAS-HIG-13-002
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Analysis Overview

s Search for a narrow peak in the 41 mass
spectrum on top of a flat and small bkg

JN\ass peak from a
s« The must: high efficiency in lepton reco and ID, clean experimental
excellent precision in lepton energy-momentum signature
measurement
s mass resolution @125 GeV ~ 1/2% J .
High S/B

s« Events are categorized based on jets multeplicity

x Small Rate

% Additional help from kinematic discriminant
based on angles between leptons
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Z->I peak good
DATA/MC
agreement

CMS preliminary

My Spectrum

M=

30 -

GeV

Events

10 -

Ho

0

|
¢+ Data

[ ] m,=126 GeV

[ ] Zy*, 2z
] z+X

l

In region m4l [121.5-130.5]
expected 28 S+B events
observed 25

Cristina Botta - Study of Higgs boson production in

. 4
——

)

Vs=7TeV:L= 51fb' —
Vs=8TeV:L=196f" .

In region m4l [>140]
expected 390 events
observed 403 events

ZZ Continuum
from theoretical Xsection
qqZZ modeled by POWHEG
ggZ7 modeled by GG2ZZ

| ’Fn' Eqqlw: e ‘ \ 7
B T
200 400 800
m, [GeV]
Z+X Background
from data driven estimates
based on fake-rate method |-18.07.2013




category | - di-jets

% Events with >= 2 Jets (pT>30)
~20% of signal events are VBF ones

\

Jet categories

Goal: sensitivity to VVH and ffH couplings (r-v)
events are splitted in two exclusive categories

category Il - untagged

All the other events
< 5% of signal events are VBF

J

J

Add an extra-dimension to the analysis to separate the Higgs production mechanisms

VD (VBF Discriminant): a x |An;| + B x m,-;j [ pT(4)/m(4l) (used only for mH<1808

Events
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CMS preliminary Vs=7TeV,L=5.1fb" {s=8TeV,L=19.6fb"

7_Ll|]IIIIIIIIIIIITTIIIIIIIIIIIlllllllll.l_

N ® Data 7
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lllYllll\llllTllll

Events

® Data

[(Jz.z’
[ zx

[:] ggH+tH (126 GeV) |
. qqH+VH (126 GeV)

Lol il

[
02040608 1 12141618 2

In region m4l [121.5-130.5]

Is at CMS -18.07.2013

p/my



» | Kinematic discriminant(s)

2 Add an extra-dimension to the analysis to exploit o414  quuasseey
kinematic differences of the Higgs boson decay ~ o12f ..z -
with respect to the ZZ bkg 0.1F =
% the kinematic discriminant (Kp) 5.08[ =

1 - ]
1 n Pbkg(mlam27917927 @7 9*7(b1|m4£)] 0.06- _:
Psig(m17m27913927 (Da 0*7@1|m4€) 2.04 _:
D.02 -
% Matrix Element techniques used to build Kp 0 - Z
O 0.10.20.304050.60.70809 1
Kb
o 1 CMS prefiminary Vs=7TeV,L=51b" Vs=8TeV, L=19.6 o CMS preliminary  ¥5=7TeV,L=5.11" ys=8TeV,L=19.6"
X Q
0.9 < 0.9 !
0.8
08 08 08
0.7 0.7
0.6 0.6 06 E 0.6
H(126) 2D PDF | °° 05 ZZ 2D PDF
0.4 0.4 0.4 0.4
0.3 0.3
0.2 0.2 0.2 0.2
0.1 0.1
900 110 120 130 140 150 160 170 180 ?OO 110 120 130 140 150 160 170 180
m,, (GeV) m,, (GeV)
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Significance

Factorize 3D model:
category I: P(mgy, Kp, pr/mygr) = P(Vo|myi) x P(K[mgi) x P(my)

category Il: P(my, Kp, pr/my1) = P(p/myi|myi) x P(Kj[mg) x P(my)

Binned 2D MC templates | |Unbinned mass model

local p-value

Expected | Observed

10 Vo Lo 3D (myy, K, Vo or prmy) 7.20 6.70
10_12 “‘“‘ ‘ CMS Preliminary = D

10 : H—>ZZ—4L ;

10714 " {s=7TeV,L=505f0"} 2 (m4l’ KD) 69 o 6.60
1071 3 1(_‘§=8Tev, L=19.631"

10‘16 1 1 I L1 1 1 I L1 1 1 }“-I 1 I“I I ) I S - I 11 I.:I:.I L1 1 1 I ) - 1D(m4l) 5-6 G 4.7 G

110 120 13 140 150 160 170 180
m,, [GeV]

@ myu=125.8 GeV (minimum of local p-value)

No other excess of events is observed over the full accessible mass range (up to 1 TeV)
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\s=7TeV,L=5.11f" \s=8TeV,L=19.6fb" CMS Preliminary Vs =7 TeV, L=5.1fb" Vs =8 TeV, L= 19.6 fb"
CMS Preliminary m,, = 125.8 GeV < 12
10| MesscL -
8L [Jes%cL
6k ® best fit -
Untagged of -
o -
-2F -
" -4 -
Dijet tag . ]
_6__ . -
I l _8:IIII|IIII|IIII|III;llllI|IIII|IIII|IIII|IIII|IIII:
0 2 -1-050 05 115 2 25 3 35 4
Best fit /o, U
f— — +2.
o/osm (1) = 0.9 +03 4, Wy (qqH, ZH, WH) = 1.0 +>4 5
— +0.
MF (88->H, ttH) = 0.9 *5 o 4
(@ mu=125.8 GeV

(best measured mass - see next slides)

Cristina Botta - Study of Higgs boson production in the ZZ and WW decay channels at CMS -18.07.2013

0/Osm



Mass measurement

CMS preliminary \Ns=7TeV,L=5.1fb"'Vs=8TeV,L=19.6fb"

% Measurement performed with a 3-dimensional fit using ¢ ) b oy, m, KD (no syst)
for each event: S 4 | — M m, KD (with syst)
% m4l, associated per-event mass error, Kp 7k
6_
% The usage of events with individually determined mass 5}
resolutions brings 8% improvement af
3_
% Scale and resolution calibrated and validated with 2
1_
Z[Jpsi—Il, Z— 4l events o . . .
o 122 124 126 128 130
% 0.1-0.3% uncert. on the 4]l mass scale m,, (GeV)

% 20% uncert. on the 4l mass resolution |my=125.8 % 0.5 (stat.) £ 0.2 (syst) GeV

—_— 0.01 T C|MS rrxelill'ni!nalryx AL |\‘sx=|8 -lreY’ IL ? 119‘[6 f|b-1x T —~~ C.M.S. P.r?li.m.in.am TT 77 T ‘.{§.=. i? Te.v: L.? ?9.5. T:b. -

g i : = - ® Z Mmoo24|

2 000t |electron scale | | @ 0-003; s A

] C : C o JM¥, In0.0-0.4 | 3

2 i 8 0.002F o W, | 0.81.2 |

g 0 T - o JW, | 1.6-2.0 | ]

b T et € 0001w, -

k: [l —— e E F 0o, ¢ t * I i

; SRR o e Z <08 - o . 4 tl’ ]

'0-01k | : ; oZ,0:8<li<1:48 - -0.001 C a ]

r e Z Ii>1.48 0.002 C g ]

0.015 e <148 T

Fe Y (15), Ii<1.48 -0.003 | % muon Scale

_olozkl 1 1 Il 1 | | 1 1 1 1 | Il 1 Il 1 1 1 1 1 1 Il 1 Ll I Ll I L1 | L1 | L L1 | Ll I L L '4

2 30 4°e,ectro?,°pT (GeV) 0 10 20 30 40 50 60 70

muon p_ (GeV) nels at CMS -18.07.2013 I



CMS preliminary, [ L=5.0fb" at Vs=7 TeV, [ L=19.6fb™ at (s=8 TeV

News from the high mass search

The global effort of all the
ZZ channels completed the
search in the high-mass
region [200-1000] GeV

I T T TTTI
~<"

[

M
medi cte
— expec + 1o
k ” ) /' expected = 2(0
y | ‘ // observe
1 0-1 w ' L V 44444 2t
L L | L

200 400

|
1000

Higgs boson mass [GeV]

Exclusion ranges

ZZ->41 + ZZ->2127 : 130-827 (113.5-778) obs (exp) [Moriond results]
ZZ->212v : 248-930 (254-898) [new update - full 7+8 TeV dataset]
ZZ->212q: 290-600 (266-600) [new update - full 7+8 TeV dataset]

COMBINED: 200-1000 (200-950) obs (exp)

CMS-PAS-HIG-13-014
CMS-PAS-HIG-12-024




H -WW-=vuvu
candidate

Cristina Botta - Study of Higgs boson production in the ZZ and WW decay channels at CMS -18.07.2013

H—=>WW()—=2l2v, 0/1jets

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

CMS-PAS-HIG-13-003
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Analysis Overview

s« Search for an excess of events with two opposite

sign isolated leptons (e, u) and large missing
energy. Events split in categories

% According to the exclusive jet multiplicity: o, 1
# And further separated in SF and DF in each jet multiplicity JLarge BR and
clean final state

% The analysis challenge:
understanding the backgrounds x No mass peak

st DATA DRIVEN methods for reducible bkg: tt/tW, W+jets,
Z[Y*-5ll, Z[y*->tT

s WZ[2Z, V+y*) from MC

% WW fit to data in sidebands
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Analysis Strategy

Almost common preselection for all the events based on background rejection cuts:
mll cut, pT(ll), Z-peak veto, extra-lepton veto, B-veto, Z/Y* rejection MVA (MET)

Signal extraction: for SF categories
cut-based approach: my dependent cuts common to 0, 1 jets categories
variables: Ag(ll), pr(Imax), Pr(Imin), mMu, mr

. . . mr = [ 2ptt Emiss (1 — €08 A¢Eq@iss££>
Signal extraction: for DF categories

two-dimensional shape analysis approach:

Relaxed selection with respect to cut-based

Exploit the 2D correlation of two kinematic variables: mj and m+

M, =125 GeV Background

CMS preliminary L=19.5fb 5 (8TeV) CMS preliminary L=19.5fb 5 (8TeV)
100

M, (GeV)

90

M, (GeV)

80

70

60

50

40

30

20

60

M, (GeV) I5



8 30 - CMS Preliminary £ oected i signal strength, CMS preliminary, L = 24.4 fb™
| CNMoS Frelimipary 0 -eee xpecte N
% - Ns=7TeV,L=49fb" —e— Observed - SF Ljet7 Tev e
;'Q:) 25:_ \E::ev-;s\i;;v-'(?hs-jf:t — Injection m =125 GeV __
— B [] miection = 1o i SF 0-jet 7 TeV "
CC» : I:’ Injection + 20 :
(7) 20__ -] DF 1-jet 7 TeV o
15:_ _: DF 0-jet 7 TeV ._._
E E SF 1-jet 8 TeV &
10 .
5_— __ . .
: - : DF 1-jet 8 TeV _—
O: ' 1 = e "'-""-'"'-""J-‘""l"“é'-'.'; DF 0-jet 8 TeV _
1 00 200 300 400 500 600 | | | | | 1 1 | 1 1 | .:I_I | | 1 1 | | 1 | | | 1
-1 0 1 2 3
my, [GeV] Best Fit o/c,,
4.0 (5.1) obs (exp) significance c/osm (1) = 0.8 £ 0.2
@ my = 125 GeV Consistent results among the
Poor mass resolution, broad excess different exclusive final states

No other excess of events is observed over the full accessible
mass range. Additional standard model Higgs-like bosons are
excluded in the mass range 128-600 GeV @ 95% CL.
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(VH, H->WW->2120 + V->ijj #

%= Same event preselection as the 0/1 jets analysis plus:
% 30% VH, 60% ggH, 10% VBF @ mu=125 GeV

2 95% CL UL on o/osm @ 125 GeV: 5.0 (4.2) obs (exp)

\

s 2 additional jets with pT>30 and |n|<2.5, Ag(ll,jj)<165°, 65<m(jj)<105

s Cut-based approach: my dependent cuts on AR(II), my, mrvariables

~N

CMS-PAS-HIG-13-017

'WH, H->WW->212v + W->lu

% Look for 3 isolated leptons (e, i) and large missing energy
% two categories according to the presence of an OSSF pair or not
% Z-veto and b-veto to reject WZ and top backgrounds

s« 95% CL UL on o/osm @ 125 GeV: 3.3 (3.0) obs (exp)

s Results extracted with a shape based approach based on dR(I+1”")

~N

VH and VBF tags

CMS-PAS-HIG-13-009
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VH and VBF tags (2)

(qu, H->WW->212v + (jj)ver

s One additional cut-based category of the 0/1jet analysis with a VBF tag
% 2 (or 3 jets), two leading with pT>30 GeV, no other pT>30 GeV jet in the pseudorapidity
region between the two jets, |An(jj)|>3.5, mjj>500 GeV
s 80% VBF, 20% ggH
s events are split in DF and SF only for the 8 TeV data, only 12.1 fb' of 8TeV data used

) CMS-PAS-HIG-12-042
- 3CNTIS F]’reljmi?ar)[' Is =17TTeV‘ILS[5'1x fb;1 \s-8TeV L<196 f!o" .
: | . The VBF-tag (together with the VH-tags)
=3 o | |analysis helps to separate the Higgs

] | |production mechanisms:
1t 4 |Mv(qqH, ZH, WH) = 0.2 *07 o6
| [UuF(gg->H, ttH) = 0.7 *02 4,

A Without the VH,V—jj analysis CMS-PAS-HIG-13-005
00 05 10 15 20
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Conclusions

#* Results from the H—ZZ— 4l analysis with full dataset:
% 6.7 (7.2) s.d. observed (expected) significance
o/osm (1) = 0.9 3 .

NA
wWNN

A

)
K\

% Results from the H>WW—2l2v analysis with full dataset:
: 4.0 (5.1) s.d. observed (expected) significance
o/osm(u) = 0.8 +02 4,

A
N

Al

wns

% H—ZZ— 4l properties measurement:
mu =125.8 * 0.5 (stat.) + 0.2 (syst) GeV

Uy =1.0 *>4 53 = UF = 0.9 %05 o4

A

)
K\

R
s

For SPIN separation analyses, both

in H—=ZZ and H=WW channels, see
Josh Bendavid’s talk on Friday

A
N

H—=WW—2lu properties measurement:

%)Ké pv - 0.2 +0.7 -0.6 - pF — 0.9 +0.5 -0.4

NA
KN

So far all the measurements in the ZZ and WW channels of the H(125) boson
are consistent with the SM prediction

NA
wNs

Additional SM-like higgs boson are excluded up to 1 TeV
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Backup
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o and BRs

§ — T T T T T T L— g % -5- 10§ I T T T T | T T T T | T T T T E §
- s=8Tev 18 & [ . \s=8TeV 7¢
- s} 13
B _% c?( 15 N WW—>Iivqc_]’—:§
= =k FVBF HA 't 1¢
& 3 °  RWHA kb WW — vy 3
B i W T
- ) 107E ZZ —T1'1qQ E
- E ; . ZZ - IMTw ]
- . (o2k ZZ 1T
107 E - :
- N o \e. N
: w0/ A T
102 - V= Ve VysVy . ]
1 ] | ] ] ] B = UdSCb N T, q
80 100 200 300 400 1000 1044 A AL N N T
M, [GeV] 100 150 200 250
a M, [GeV]
9 + q
gg fusion : t H® WW, ZZ fusion : HO
g t
q
q
7 t
g s 1 W,z
” . > HO q
ttfusion: = H W.Z
ol t >’Vm<
. _ i HO
At g W, Z bremsstrahlung
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Contributors: More details

Lumi
Prod- ) . No. |myjrange
H decay - Exclusive Final States h HG Vg (fb)
ag chan | [GeV] [7/8 TeV]
o/1-jets | 4e, 41, 2e2 3+3 | 110-1000 |[5.0-19.6
H->ZZ-+4l ,
>2jets |4e, 4y, 2e2p 3+3 | 110-1000 |5.0-19.6
0/1-jets |(DF or SF dileptons) ® (o or tjets)| 4 +4 | 110-600 |4.9-19.6
VBF-tag|DF or SF dilep for 8TeV 1+2 | 110-600 | 4.9-12.1
WW-lulu
WH-tag | OSSF and otherwise 2+2 | 110-200 [(4.9-19.6
VH-tag |DF or SF dileptons 2+2 | 110-300 |4.9-19.6
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All other results already shown at Moriond 2013
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Leptons Identification

> > [
5 1_—_._:—0—~—0—‘,_._ ——e E) ]L_ ._._—0—'_._'_.—,
e £
0 0.8- s gr’ 0.8 7
° D - - L
Efficiency to i Jprpp Z>uu S o Z>uu
o 0.6- g 6 -
select prompt ~ reco+ID a | Iso vs ID
. 0.4+ - 0.4 R
isolated leptons ; <12 o B4 <1
- reconstruction 02 e 1 02 o |
- identiﬁcation i ‘ CMS Preliminary, \s =8TeV | i CMS Preliminary, \s =8 TeV |
. . 67810 20 3040 _ 100 SEE -
- isolation muon p_ (GeV/c) S678 10 0.2 SO (GeV/lg) © Muons
- IP requrement CMS Preliminary 2012 Ys=8TeV,L=1221fb"
g T Electrons
computed with TnP techniques ¢ | ++++ ' ' :
ST ]
2 Z>ee i
efficiency correction factor 2 T + , 1
. : I reco+ID+iso+IP
muons: 0.98 - 1.03 S 04
m —
electrons: 0.84 = 1.01 : Probeinendcap:1.556<|r]°mba|<2 :
0.2 ¢ Data
: Simulation
P IS P TN I I I D B
0 10 20 30 40 50 60 70 80

P, [GeVI/c]
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Scale corrections on muon
momentum obtained with
a calibration procedure

on Z->mm [ J/psi-> mm
events in data are applied
MC is smeared to match
the resolution in data

residual DATA/MC difference: ~ 0.1% in scale, 20% in resolution

CMS Preliminary

Vs=8TeV,L=19.5f "

= E,,..|....|.... .z|m|0024f
‘% 0.003 e Y, [n0.0-07 |
, a 0 Y, 1524 ]
r o JAP, [n| 0.0-0.4 | ]
% 0.002 | o I, m| 0.8-1.2 [ ]
3 : o J¥,In| 1.6-20 | 7
=~ 0.001F 54 ]
g oo, @ {* .
0.000 F [ * S
< -, 4 MW t{‘ 1
-0.001 " .
; b .
-0.002 |- ]
-0.003 | % .
C 1 1 | 1111 I 1111 1111 | 1111 | 1111 | 1 N

0 10 20 30 40 50 60 70

muon p_ (GeV)

Ac/c (data - sim.)

0.4

0.3

0.2

0.1

-0.0

-0.1

Lepton Energy Scale and Resolution

CMS Preliminary ﬁ_ 8TeV L 195fb

B AL IR I O U ]
C ® Z. Ml 0 0 2.4 7
C ® Y, [0.0-0.7 | 7
C L1 OY, 1524
- e J/MY, In0.0-04 |
» ¢ JMY, In0.8-1.2 |
- o JW,In1.6-20]| 1
SCTILE B .
C $ Fi I [ J ]
: P ] °

L
10 20 30 40 50 60 70

muon p_ (GeV)
Muons

The ECAL contribution to
the electron momentum and
its uncert is from an MVA
regression approach:
10-15% improvements on
resolution
Energy scale and MC
smearing obtained from
calibration with Z->ee events
are then applied

A m/m (data - sim.)

-0.005(
-0.01
-0.015}

-0.020—

CMS Preliminary
L L
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residual DATA/MC difference: ~ 0.4% in scale, 20% in resolution [ conservative]



PF reconstruction allows to reject
charged particles from PU in jet building.g

Additional: rejection of jets from PU also

o
c
—+
4
a
(D
—+
=y
™
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N
ol
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=
N
o
<
(D
=
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aq
(D
-
1.8
=
5
Qo
o
5

jet shape variables.

Typical jet Pileup jet

Important in VBF searches.

PileUP Jet tagging

vents

—

_je

0.8

o ©
[« BN

o
&)

Ratio Fraction of O
o
N

—

0.98 |

5 1/fb 8 TeV CMS Prellmlnarv

B _._-.-++++ I ]
9l - -
-
-
-
- -*# vix all

- -o-# vix [0,8]
- # vix [9,12]
: # vix [13,16] ]
8- -o-# vix [17,20] —
x -o-# vix [20,+] :
=

20 40 100

Jet P threshold [GeV]

Validation on data:
jet counting in

Z = uu events vs vertex multeplicity.

Stable to <1% for jet p; > 20 GeV
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4l Event Selection

Lepton candidates:

upT >5,n<2.4

e pT >7,n<25

2 leptons must have
pT>20,10 GeV

Isolation and IP cuts applied

“FSR Recovery
[photons added to the Z
candidates before cuts’

OS/SF
Highest Sum pT
12 < mZ2 <120 GeV

1
0.9
0.8
0.7

Efficiency

0.6
0.5
0.4
0.3
0.2
0.1

0
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CMS Simulation, \s = 8 TeV
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My - low mass yields

CMS Preliminary Vs=7TeV,L=5.1f0";Vs=8TeV,L=19.6fb"
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mMass measurement

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

— 10g )
z =l
cﬁ o = m,, 6 m, KD
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74| angles

lllustration of a particle X production and decay
ab — X — £1Z> — 4¢ with the two production angles 6* and &,
shown in the X rest frame and three decay angles 61, 6>, and ®
shown in the Z; rest frames
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WW Upper Limits
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Combined
u=0.80+0.14

H — bb (VH tag)
H — bb (ttH tag)

H — vy (untagged)
H— vy (VBF tag)

H— WW (0/1 jet
H— WW (VBF tag
H— WW (VH tag
H— 1t (0/1 jet
H — tt (VBF tag)
H — 1t (VH tag)
H— ZZ (01 jet)
H— ZZ (2 jets)

-4 -2 0
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WW combined results

\s=7TeV,L<5.1fb" \s=8TeV,L<19.6fb"
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MET

Cut based analysis 0/1 jets

Almost common preselection for all the events based on background rejection cuts:
mll cut, pT(ll), Z-peak veto, extra-lepton veto, B-veto, Z/Y* rejection MVA based on

Signal extraction (1)
cut-based approach: my dependent cuts common to 0, 1 jets categories

variables: A@(ll), pr(Imax), Pr(Imin), mu, mr
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data/exp

H—WW(®)—2l20,VH Tag

Same event preselection as the 0/1 jets analysis plus:
2 additional jets with pT>30 and |n|<2.5, A(ll,jj)<165°, 65<m(jj)<105
30% VH, 60% ggH, 10% VBF @ mu=125 GeV
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Search for associated Higgs boson production with a V (W/Z) boson decaying
hadronically

cut-based approach: my dependent cuts on AR(Il), my, mrvariables

UL @ 95% CL
on G/0sm:

observed 5.0
expected 4.2

TN S S N (mH =125 GeV)
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CMS-PAS-HIG-13-017

Juction in the ZZ and WW decay channels at CMS -18.07.2013




% Look for 3 isolated leptons (e, i) and large missing energy

H—WW(®—2]20,WH Tag

s Search for associated Higgs boson production with a W boson

s two categories according to the presence of an OSSF pair or not
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Z-veto and b-veto to reject WZ and top backgrounds

Results extracted with a shape based approach based on dR(1+1")

UL @ 95% CL
on o/0Osm:
observed 3.3
expected 3.0
(my =125 GeV)
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