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» Clean experimental signature (4 leptons), good S/B

* Very small signal rate (leptonic branching ratios)



Search for the H > ZZ" > t*{- {*{ decay
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The “golden mode”™: 4 isolated leptons
e: P;>20,15,10,7 GeV, [n| <247

w. Py>20,15,10,6 GeV, |n| <2.7

One pair consistent with Z mass (m,,)
Mass of other pair: m,;, < my, < 115 GeV

Mass of the Higgs boson can be reconstructed m,,

Good mass resolution my,;  Formy, = 125 GeV:
4e: ~2.7 (2.4) GeV without (with) Z mass constraint
4u: ~2.0 (1.6) GeV without (with) Z mass constraint

Low signal rate, but also low background
- Mainly from ZZ continuum

o7
q Z

- In addition from tt and Z+jet production:

(two prompt leptons from W / Z decays and two leptons
from (heavy) quark decays)
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126 GeV is a low mass for ZZ* decays

- low p; leptons are required
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Electron performance

Stability of the electron identification: efficiency versus
number of reconstructed primary vertices
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CMS: 4finvariant mass spectrum

CMS

Z > 41 peak _
(good data / MC CMS preliminary ZZ continuum background,
agreement) > T - - 1 —1 modelled by Monte Carlo
| . Tl = 4 ] simulation (NLO)
O 30 Data ys=7TeV:L= 51f"
o b B my=126GeV s=8TeV:L=196f"
- | 1 Zy*, 2z { m(4t) > 140 GeV:
*g - B z+x { 403 events observed
S i 1 390 events expected
AN _
i,
100  \_ 200 400 800
m,, [GeV]
H > ZZ* signal
121.5 < m(48) > 130.5 GeV: Reducible tt, Zbb, and Z+jets background,

S+B: 28 events expected
25 events observed

data driven estimates



ATLAS: 4{invariant mass spectra
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Time evolution of the H > ZZ > 41 signal
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Time evolution of the H > ZZ > 41 signal
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CMS: use additional information on decay kinematics,
MELA discriminant

PRD81,075022(2010)
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contours
signal expectation

contours
background expectation

2D analysis using {m,,, MELA=K_}
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CMS: further refinement via jet categorization

(i) Jet-category: require two jets with E; > 30 GeV
(enhanced VBF fraction (~20%))

(i) Untagged: all other events (VBF fraction ~5%)

CMS preliminary Vs=7TeV,L=5.1fb" {s=8TeV,L=19.6fb" CMS preliminary {s=7TeV,L=5.1f0b" Vs=8TeV,L=19.6fb"
> :I 1T I T 17T I T 17T I L I T 17T I T 17T I > 7 (LT 17T I L I L I L I L I L I_|.
O 1 6 |— ® Data — () B . i
© ITmzx untagged © of jet-category * Daa ]
™ 14—_-Z+X ] ™ C EIZZ’ZY i
~ - . ~ - [ z+x §
%) ‘_|:| ggH-+tH (126 GeV) | = o 5 ]
£ 12F . = - [ ] ggH+tiH (126 Gev)
o) L . qqH+VH (126 GeV) o : 1
Ll>J 10 :_ )i E Lﬁ AF . qqH+VH (126 GeV) E
°F af} : 3
6F -
4f :
2K g
0 110 120 130 140 150 160 0 110 120 130 140 150 160

my, (GeV) my (GeV)

12



CMS: further refinement via additional discriminants

Events

-to separate production modes-

VBF-discriminant: Vp = o [An| + B m;

P boost: P (4t)/ m,,
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CMS H - ZZ* significance S
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« Stand-alone discovery in the H > ZZ* - 4{ channel

« Additional discriminants improve sensitivity, as expected
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Mass and signal strength for H 2> ZZ*
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Mass and signal strength for H 2> ZZ*

ATLAS-CONF-2013-013
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Search for H > WW - {v {v decay

« Two high p; leptons (e or u)
Leptons from Higgs decay (spin-0 particle)
are expected to have a small angular
separation

« Two neutrinos

—> large missing transverse energy

- Higgs boson mass cannot be
reconstructed, use transverse mass

» Highest sensitivity around 160 GeV

(nearly 100% H => WW branching ratio)

- Tevatron sensitivity and early LHC
sensitivity in that mass region

17
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What are the main backgrounds?

Final state signature:
A T L A S R uln7 2’\‘1468200,1 2E vee7n t4 22 79153 3C3E7T60
1 EXPERIMENT . .

- Two isolated, high p leptons;

use all combinations: eu, ue,
ee, uu

- Missing transverse momentum

- Jets
Depend on production process:
gluon fusion (0, 1 jets), VBF: 2 jets

- Split analysis in jet multiplicity
0,1 and 2 jets

Major backgrounds:

Di-boson production, in particular WW production (0 jet, 1 jet)
tt background (1, 2 jets)

Z+jets [Drell-Yan], in particular for ee/uu pairs;

More difficult to reject at high luminosity

18



Missing Transverse Energy

« The missing transverse energy is a key signature for many measurements

» Calculated by summing all energy deposits

. . : . $ 12 ATLAS Preliminary E
in the calorimeter (based on identified ST Data2010\s=7Tev 1
. . iel L _]
objects: e, y, T, jets >20 GeV, soft energy s 0 flaesep’ I+*++ :
depositions incl. tracks, and muons g 8r oy E
b6 :
3 - MinBias: fit 0.45 \| Z E; B
miss __ p-miss,e miss,y miss,t miss,jets B 40 = Z-ee:042\3E, N
) =Py tEqy TEw T Ey i . ZomitowEE ]
iss,SoftT miss, 2 e MC MinBias: fit 0.48\X E,
+E;r2;/s)s onem Ex(y) 'u’ il 1 1 —— MCZ—ee:fit0.42\Z E; 7

% f00 200 300 400 500

. > E (event) [GeV]
« Resolution depends on total transverse energy '

(= plot from early data taking)

Resolution of E,™ssand E, ™ as a

3 Missi ] function of the total transverse energy in
Issing transverse energy measurement is T e e e [ e e e

strongly affected by pile-up ! Z->uu events is compared with the
resolution in minimum bias events for

- needs pile-up suppression data taken at s = 7 TeV.

19



Events / 2 GeV

Data / MC

Missing Transverse Energy (cont.)

Suppress pile-up contributions using tracking detector
Include only jets whose tracks have a high JVF = Z pr/ Z pT
ve I’teX fractlon tracksiet,PV tracksjet
Scale Soft Term by Vertex Fraction STVF= > pt/ D, m
trackssof¢term PV trackssoftTerm
10° I Ul oned ATIAS Brafimi o <= S L B S S B S L ISR
: det:zo fo' ATLAS Preliminary % C ATLAS Preliminary 7
10° \s=8 TeV e Data 2012 g 305 e Data 2012 before pile-up suppression _:
» E mg ﬁb:ruu .5 E o MC before plile-up suppresslion ¢5¢°é E
= MC Wz 5 o5f m Data 2012 pile-up suppression STVF Ge“5 Q e
e EmMC 2z g E o MC pile-up suppression STVF oe® E
; E > - .
w15 -
w10 -
"""" 51 3
S S E T e
100 150 200 - 00 200 400 600 800 1000 1200

ET™* pile-up suppression STVF [GeV]
2 E; (event) before pile-up suppression [GeV]

Good description of the missing transverse energy distribution/resolution
by the Monte Carlo simulation 20



Events / 5 GeV

Search forH - WW — {v {v

Category Niet=0 Njet =1 Njet 22

Two isolated leptons (£ = e, i) with opposite charge
Leptons with pd > 25 and piPlead > 15

ep + pe: mee> 10

ee + i mep> 12, |mepg — mz | > 15

Pre-selection:

H " - - . . mISS - . .
E.™ss distribution of ey events s _ Emiss if Ad > 7/2 P dlstrlbuthn of ee / uu events
(after pre-selection) Trel = | EMiS . ginA¢  if Ap < 7/2 (after pre-selection and
] E.mss > 45 GeV requirement)
10 — T T T [ T T T T [ T T T T [ T T T T [ T T T T
. . + Data % SM (sys@ stat) > LI L L B L B R L B B B B B |/ L I L B B
(s=8TeV,[Ldt=20.7f0" [J¢ [ Single Top ) . i A !
5 . W Z+iets [ Welets <~ 40°L Vs=8TeV,[Ldt=207f" [J& [ SingeTop
107w eviviuvey + 01 jels H 1125 Gov g 10 (*) W Z+ets [ Weiets
10* [ H[125 GeV] ‘% - H—WW' —evev/uvuv + 0/1 jets ] H[125 GeV]
>
L

ee/ uu

0 50 100 150 200 250
calorimeter-based ETs [GeV]

100 150 200 250
track-based  pI'> [Gev]
=» Good description of the background composition

= Z/y* + jets (Drell-Yan) background is still significant in ee / uu analysis, even after tight
calorimeter E{™ss requirement 21



Search forH - WW — £v #v (cont.)

« Additional discrimination: - missing transverse energy (calorimeter and track-based)
- cut on soft recoil energy opposite to the leptons in ee/uu events

Category Njet =0 Njet = 1 Niet =2

Missine transverse el + je: E?‘rsesl >25 e + pe: E,‘P‘ésl > 25 e + pe: E,'F:‘SS >20
momerﬁum and ee + pyr: E370 > 45 ee + py: E3 > 45 ee + py: EX™ > 45
hadronic recoil ee + [ p'rll‘"r?l >45 ee + [ p$lrsesl > 45 ee + L. E'lFlSS'Si'VF >35

ee + L frecoit < 0.05  ee + ppt: frecon < 0.2 -

« Jet multiplicity distributions after pre-selection and E;™ss cuts:

T T T | T | T | T T T | T T T | ﬂ T T T | T | T | T T T | T T T |
[ - Data %% SM(sys®stat) C P 4~ Data %% SM(sys@stat) T
ATLAS Preliminary o ' mwzzzws Sos000r. ATLAS Preliminary & o' & worowy,
Vs=8TeV,[Ldt=207fb" [Jt [ single Top E w Vs=8TeV,[Ldt=20.7f" [ [ single Top ]
Bl Z+ets [ WH+ets = - B Z+ets [] W+ets B

o)
H—-WW"'—evuv/uvev B H125GeV] T H-WW ' —evev/uvuy B H [125 GeV]

eu/ue 3 ee/un  ;

- o— ¢ I ¢ J._: - o o 1 4 o 4 .

6 8 10 6 8 10
Njets N,

jets

— Multiplicity well described, background composition depends strongly on N 22



Search forH - WW — £v &v (cont.)

* Recoll energy fraction:

— RN RN LN L LI IR I I
o - ATLAS Prellmlnary —=— Z+jets i
8 | Vs=8 T(%V simulation —— diboson, top and W+jets |
@2 H-WW" —evev/uvuv + 0 jets  —e— H[125 GeV]
g g E
5 =6- ]
o C ]
= C ]
20 B 7
c - }
- 1
107 o E
- o o =
B :Q:—_::"‘ _D__D__D_ ]
e < A e ans ]
S _A_—f— _D_—D— i
10-2 IIIIIIIIIIII I 111 I_IAI_—I.I_I 1111 I 111 I IIIIII _IEJI_I 11
0 0 1 O. 2 0.3 04 05 06 0.7 O. 8 0.9
frecoil
frecon := ratio of the recoil momentum and p+(ll) (Nje; = 0) or p(llj) (Njet = 1)



Search forH - WW — £v #v (cont.)

 Additional (topological) selection:

CategOI'y ]Vjct _ O Njct - l Njet Z 2
- Nb-jet =0 Nb (=0
General selection | ApeemeT | > 7/ 2 - p‘TOt <45
pi>30 ep+pe: Z)y* — trveto  ep+ pe: Z/y* — 1t veto
- - m;j;> 500
VBF topology - i | Ay;51>2.8

- - No jets (pr > 20) in rapidity gap
- - Require both ¢ in rapidity gap

mee < 50 mee < 50 Mmee < 60
H— WW® = eyey | Adpee| < 1.8 | Adpee | < 1.8 | Adpee | < 1.8

Transverse mass distributions (after all cuts) — mp = \/(E” E"“SS)2 (pT + p%“SS)2

>

[0} - Data 4% SM (sys@®stat) | > 140 T T

(OD 300 A LAS Prellmlnary mww [ wzzzwy & C ATLAS Prellmlnary : evex ﬁ m/zsmstat) :

= s=8 TeV f Ldt=207 fo" E tZf+jets E \?\;ngelfsTop . 2 120 Vs=8TeV, f Ldt = 20.7 fo I [ single Top 5
_, ~ . . Bl Z+jets [] WHets m

% 250F Hww' evuviuvey + 0 jets B H (125 GeV] ..g 100 H->WW' )—>evuv/uvev +1jet Wl H[125GeV] ]

- 9]

w200 o

eu/ue 0-jet 80
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4 ]
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300
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Search for H - WW — {v fv (cont.)

Background normalization:

“The key issue” in analyses with non-resonant or low mass-resolution
channels

- Signal fraction is small and non-resonant, even after further selection
cuts are applied

- Large uncertainties in theoretical predictions (scale uncertainties, backgrounds
in special kinematical configurations, e.g. VBF topology)

> Fr T 7T T R e

& ooF. ATLAS Preliminary 2 o =00

2 - (s=8TeV [Ldt=207f" v Edsnsetor

£ 250F HoWW eviviuvey + 0 jets T - EHHJ%GQV] -

o - _

I 200F =

Example: 150 =
g 1003— —f
Final transverse mass m; - -
distribution in the ATLAS 50F E
analysis, after all selection cuts ot -

300
mGeV] g



Search for H - WW — {v fv (cont.)

Background normalization:

“The key issue” in analyses with non-resonant or low mass-resolution

channels

- Signal fraction is small and non-resonant, even after further selection

- Large uncertainties in theoretical predictions (scale uncertainties, backgrounds

cuts are applied

in special kinematical configurations, e.g. VBF topology)

Even more important at discovery
threshold (low luminosity)

Example:

Final transverse mass m;
distribution in the ATLAS
analysis, after all selection cuts,
2011 data#l =% 7 b

Events / 10 GeV

120

100

80

60

40

20

B —4- Data %% SM (sys @ stat) ]
CATLAS B ww [l Wzzziwy .
[Vs=7TeV,[Ldt=471b" Cld [ single Top _
- “ . B Z+ets [] W+ets 4
- H-WW' '—Ivlv + 0 jets ] H 1135 Gev] ]
g =— 1

L ey Lo

60 80 100 120 140 160 180 200 220 240

my [GeV]
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Background estimation in H - WW — {v {v (cont.)

» As seen before, many different processes contribute
to the background, with different relative importance
in the different jet bins

» Use Control Regions (CR) in data (ideally dominated by
one particular background) to normalize backgrounds

» Extrapolate back to the signal region using Monte Carlo
simulation

* Due to correlations among sub-channels,
background estimations have to be interlinked

Summary of background treatment:

Channel WWwW Top Zly* >t Zly* =ttt W+jets VV
Njet =0
eu+pe CR CR CR MC Data MC + VR
ee+uu  CR(ep+pe)y CR(eu+pe) CR (eu+pe) Data Data MC + VR
Njet =1
en+pe CR CR CR MC Data MC + VR
ee+uu  CR(ep+pe)y CR(eu+pe) CR (eu+pe) Data Data MC + VR
Nje( Z 2
eu+pe MC CR (merged) CR MC Data MC
ee+puu  MC CR (merged) CR (eu+pe) Data Data MC

CR = Control region, enhanced by particular background
VR = Verification region, for cross-checks

Events / 10 GeV

Events / 10 GeV

Events / 20 GeV

300

T

F Vs=8TeV,[Ldt=20.7fb"
250 H-WW" " —evuviuvey + 0 jets

R
%4 SM (sys @ stat) o

[ wz/izziwy .
O [T single Top
Z+jets Wets ]
B Z+jets [T W+
B H125Gey)

250
my [GeV]

140

120 Vs =8 TeV, [ Ldt=20.7 ib"

100}

L B
ATLAS Preliminary 2 b

F H-ww—evuviuvev + 1 jet

LI |
#% SM (sys @ stat) —
B Wz/zzwy ]
[ Single Top —
[ W+ets ]
BB H125Gev] ]

O

Z+jets

N WA OO N O ©
AANRRRRNARRNRERRR RARE TTTT[ITTT
d

L I I
ATLAS Preliminary 3

(s=8TeV,[Ldt=2071" 3
H-WW " —evuviuvey += 2 3

“z SM (sys ® stat)
m wzzzwy
[ Single Top 3
+ets [] W+jets i

[ verF B

- Data




Background estimation in H - WW — {v {v (cont.)

W + jet background:
Use a control region in which one of the leptons fails the identification/isolation criteria;
Determine fake factors as function of p; and n, apply them in signal region

Cross-check in sample with same-sign leptons (W+jet contributes to same-sign background)

> goETT T > R R
& F ATLAS Preliminary 2 i Zowoeese 2 3 ATLAS Preliminary 2o = 00on0 e
e 80F s_sTevSLdt-207f6" [lu [ Smer 7 = (s=8TeV,[Ldt=207f" [Ji [ SngeTop
> 70E- H WW(*)Y , oiet I Z+jets [ Wiets = > b WW(*)Y ) ' oiet I Z+ets [ Wiets 3
2 £ H=WW"—evuv/uvev +0 jets C IR £ —WW—evv/uvey +0 jets B HO2s Gy intiee-
5 eob E 5 E Uncertainties:
oo E i E
50 = =
40 = 3 A ta- o
E E E W+jets: +30%
20F = E
= 3 E - ) )
100 + 3 E WZ/ZZI\Wy: 16% - 22%

my [GeV] m, [GeV]

ZIy* > + jet background (Drell-Yan):
Use data-driven method: f,,.; distribution

Measure f...,; efficiencies in Z = ee, uu events
(Z mass peak region, which is cut out in signal selection |[m; —m, | < 15 GeV)
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Background estimation in H - WW — {v {v (cont.)

« tt + single top (tW, tb, tgb):

Control regions via b-tags

Normalize top background to the data in a control region defined by N, ,.;,= 1 and
my and |Ady,| requirements removed

Events / 10 GeV

« Normalization factors: 1.04 + 0.02 (stat) (N.

* Normalization for N;,=0:
(dominated by top events); estimate fraction of top events with N,
uncertainty: : £ 13%

500

400[—
300F
200F

100F

- I wz/izzwy ]
F Vs=8TeV,[Ldt=20.7fb" [Jd [ SingeTop
C %) ) Z+jets  [] W+ets ]
L H->WW '—evuv/uvev + 1 jet B H25Gey]
W,
3 % E
% %”
— . 7 ]
47
— 7 —
. ]
50 100 150 200 250 300
my [GeV]

FTr— 1 - T
- ATLAS Preliminary & e

T
%4 SM (sys @ stat) |

Events / 20 GeV

30

251

20F
15F

10

‘ — : ———
+ Dt %4 SM (sys @ stat)
ATLAS Prellmlnary = ww

B wzzz/wy
Vs = 8TerLdt 20.7fb" [« [ SingleTop
C B Z+jets [] W+ets
- H_>WW _>MV t= 2] M gof vbf+vh
Wi
Y 4
» |
Y
/ y
7 Y,
ot ]

jet

1) and 0.59 + 0.07 (stat) (N, = 2)

(most likely, the latter reflects the limitation of the tt simulation in the special phase space
region of: m; > 300 GeV, |A n| > 2.8, and jet veto in central region)

Total uncertalnty + 28% (N,

Jet

1)and +£39% (N

:2)

jet

normalization from data in a CR region with large E;™ss | b-tag

Normalization factor: 1.07 £ 0.03 (stat),

«t = 0 from Monte Carlo;
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Background estimation in H - WW — {v {v (cont.)

« WW background: ~ Dominant in the Ny, = 0 sample

Normalize in a control region, close to signal region defined by 50 GeV < my, <100 GeV,
and |A¢y| requirements removed

L7000 = A B L I I I IR I L B L B I I I L

> > T
[} - P - Data %% SM(sys@stat) [} 220— + Data %% SM (sys @ stat)
g - ATLAS Preliminary & W' &= wzzw, cos 200E- ATLAS Preliminary o W' &= wzzzw
- - Vs=8 TeV,f Ldt=20.7 b Ol [ Single Top - F Vs=8TeV, f Ldt=20.7f"' [+ [ Single Top
~ 400 &) . Bl Z+jets [] W+ets -] ~ 180 o) . B Z+jets [] W+ets
.,g L H=WW —evuv/uvev + 0 jets B H[125 GeV] ] _,g 160 = H—=WW" '—evuv/uvev + 1 jet B H[125 GeV]
g B o E
L 300 - @ 140E
- 120F
- . 100F
200 A =
: 80 :—
C ] 60F-
100 7] 40E
N 20 .
0507100 150 200 250 300 350 400 450 50 100 150 200 250 800 350 400 450
my [GeV] my [GeV]

* Normalization factors: 1.16 + 0.04 (stat) (N, = 0) and 1.03 £ 0.06 (stat) (N;,; = 1)

Total uncertainty: £7.4% (Ni,; = 0), +37% (N, =1), and £37% (Ni=2)

jet
- WW and top background estimates are anti-correlated (most affected: N;,; = 1)

« For Ni, =2: WW background estimation from Monte Carlo
(difficult to define a control region that is not dominated by tt background)
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Transverse mass distributions

ATLAS-CONF-2013-030
ATLAS Preliminary ;aavtj ﬁjv“;gjﬁﬁaﬂ

(s=8TeV,[Ldt=20.7fb" [Jt& [ SingleTop

. - [ Z+ets  [] W+ets
H—-WW' )—>ewv/uvev + 0 jets Bl H (125 GeV]

eu O-jet

50 100 150 200 250 300
mr [GeV]

S L e s e s e | — :
r H —4- Data %4 SM (sys @ stat)
- ATLAS Preliminary o W' 5 wozzw
— Vs=8TeV,[Ldt=20.7fb" [J& [ SingleTop

) - [ Z+ets [ W+ets
H—-WW _>e'VMV/MVe'V +1 jet B H 125 GeV]

Events / 20 GeV

Events / 10 GeV

L I
?gg; ATLAS Prelimina_l’y hd \E,’Vavtva ﬁ \?vg/(zsgfvasmt) E
C Vs=8TeV,[Ldt=207f" [J&  [OSingeTop
160;‘ HoWW ! evevuviay + 0 jots - g b t1os Gov é
140F- =
:3; ee/uu O-jet :
80 =
601 =
40F =

0 50 100 150 200 250 300

my [GeV]

ATLAS Preliminary
Vs =8 TeV, [ Ldt = 20.7 fb”
H->WW —evuviuvey += 2 j

eM 2-jet -4~ Data %% SM(sys @ stat)

B ww [ wzzz/wy
O [ single Top
B Z+jets [] W+ets
B oof [ verF

N W b OO N 0 ©

QO A

300
my [GeV]

Clear excess above backgrounds in all sub-channels (jet multiplicities) 31



Search for H - WW — {v {v (cont.)
- number of estimated background and expected signal events
(after final cuts)

Vs=7TeV.L=46fb"

Njet  Nobs Nokg Niig Nww Nyy N N; Nzy Nw+ jets
=0 154 16111 25+5 113+£10  12+2 S+1 4+1 6+2 21+£5
=1 62 47+6 7+2 16+6 5+¢1 10+3 6+2 5+2 5+¢1
>2 2 46+08 14+02 0.7+0.2 - 0.7+05 0.1+£0.1 24+06 0.3+0.1

\Bv=8ileV. I-=220:7 fbit

Njet Nobs kag Nsig Nww Nyv N N, NZ/y‘ NW+jets
=0 831 739+39  97+20 551+41 58+8 23+3 16£2  30+10 61+21
=1 309 261+28  40+13 108+40 27+6 68+18 27+10 12+6  20+5
>2 55 36+4 10.6 £ 1.4 41+15 19+04 46+1.7 08+£04 22+3 07+0.2
% A0 e B L I I I I I I I
0 - ATLAS Preliminary —¢— Bko subtractedData -
2 ysor Vs=7TeV[Ldti=46f"  [] Hozseew E
2 - \s=8TeV, [ Ldt=20.7 b’ ]
o T H-WW" S + 0/1 jets ]
w 100_— + ]
50F .
0 -
Background-subtracted m; distribution LI T
for Ni,; =0,1 and 7 and 8 TeV data added 60 80 100 120 140 160 180 200 220 240 260

mr [GeV] 32



@ Results on the search for H > WW > v v decays

ATLAS-CONF-2013-030
° 10T
T 402 ATLAS Preliminary s =7 TeVifLdt= 4.6 b
§ HWW iy Vs =8 TeVifLdt = 20.7 b’
10— Obs. [ +1o
---- Exp. m =125GeV
i 0o
T S — 1o
102 s 20
10°[ 30
10™
10° 4o

'6 L1 ‘ L1 11 ‘ L1 11 ‘ L1 11 ‘ L1 11 ‘
10 120 130 140 150 160 170 180 190 200

m,, [GeV]
== S B I BN
o’ 5F ATLAS Preliminary + SM -
o) [ Vs=7TeV{ldt=461b" + Best fit .
x - Vs=8TeV{Ldt=20.7 fb' — -2InA(ggf,vbf) <2.3 ]
T 4 eI L - -2 InA(ggfvbf) < 6.0
3‘> 3 - \\\ —
: U
2r -
o\ -
o e ' -

C . | L | | |

0 0.5 1 1.5

Shallow minimum of p, value at 140 GeV

Po (125 GeV) =8 10° (3.80 observed)
(3.70 expected)

Signal strength:
(combination of 7 TeV and 8 TeV data, at 125 GeV)

w=1.01 £ 0.21 (stat) £ 0.12 (syst) £ 0.19 (theo)
Uygr = 1.66 +0.79

nge = 0.82 +0.36
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Leading uncertainties on the signal strength u:

Category Source Uncertainty, up (%) Uncertainty, down (%)
Statistical Observed data +21 =21
Theoretical Signal yield (o - B) +12 -9
Theoretical WW normalisation +12 -12
Experimental Objects and DY estimation +9 -8
Theoretical Signal acceptance +9 -7
Experimental MC statistics +7 -7
Experimental W+ jets fake factor +5 -5
Theoretical Backgrounds, excluding WW +5 -4
Luminosity Integrated luminosity +4 -4
Total +32 -29
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CMS, Transverse mass distributions after final cuts
for the H > WW - v {v search

events / 10 GeV/c?

data/MC

: | [aV] T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T
B ] O 1401 ]
250 N ; aa:tgs - 31\,17;535 Gev CMS Prehmmar;_:; % [ -* data — mH=.125 GeV CMS Preliminary 1
- W Top E:sTev,L:19.5fb7‘ i (O] 120 T Wl Hi125 WHjets {s=8TeV,L=1951b"_]
B -y WW Vs=7TeV,L=491b 7 9 - [ | \z//V Top S=7TeV,L=491b" ]
C N\ stat@syst. o - i -\ v ww ]
200 — — @D 100 \\ stat®@syst. 1-jet ep —
N i = N i
- - [} | .
B i q>.> B i
150 — _ 80 — 5
C ] 60— .
100 |~ - - ]
- ] ] 40| .
50— . - ]
B + ] 20— —
[ AL : ' ]
o) T S——— o g 8 0 m:,{«
25 EF ‘ ‘ ‘ ‘ ] 25 F ; : : : -
2 F E (@] 2 E E
1.5 k N\ f + & : = :f + + E
S e O AT L ] ~ "V { -4~ WE
. ; § \$\ IR SN ¥ \*\\\%\\“ % 1 %R\\\\$¥\\\$W*$>_\;‘*\\\¢WW\\*}\\\\\\\\%
E D E 05 F T
o E ! ! ! ! B © E - E
0 L L L L
0 50 100 150 200 250 0 50 100 150 200 250

1§,
mi¥ [Gev/c?] m¥ [Gevic?]

 (Clear excess visible in both channels



M, (GeV)

M, =125 GeV
CMS preliminary L = 19.5 fb™! (8TeV)

80
70

60

50

40

30

20

0

60 70 80 90 100 110 120
My (GeV)

2-dim. distribution for the signal hypothesis
with my, = 125 GeV, 0-jet category

Data
CMS preliminary L =19.5 fo'! (8TeV)
120

100

110 120
M; (GeV)

Signal extraction via 2-dimensional fit: m; versus my,

Background
CMS preliminary L = 19.5 fb™ (8TeV)

60 70 80 90 100 110 120
M (GeV)

2-dim. distribution for the background
hypothesis, O jet category

Data - Background
CMS preliminary L = 19.5 fo! (8TeV)

1.4 16.6
=140 =177

100 110 120
M; (GeV)

- Start with relaxed cuts, 2-dimensional fit to extract signal parameter u
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CMS

H > WW - v iv: signal significance and signal strength

8 30 - CMS Preliminary Exoected _ signal strength, CMS preliminary, L = 24.4 fb™
| CMo Freliminary ... xpecte: i
C L \s=7TeV,L=491fb" e Observed . SF 1t 7ToV —e
8 [ \s=8TeV,L=19.5 b Injection m =125 GeV i
= 290 H-Ww-212v 0/1-jet y - T K
E B - Injection = 16 i ! - :
(@) : |:| Injection + 20 :
.(7) 20 __ __ DF 1-jet 7 TeV : -
E E DF 0-jet 7 TeV _._
15 5 :
: : SF 1-jet 8 TeV s °
1 O :_ —: SF 0-jet 8 TeV E L 4
B i DF 1-jet 8 TeV L o B
S owel . ] :
: ......... ._ DFO_jEteTeV 1 1 | 1 1 1 1 | 1 ﬁ‘él_l 1 1 1 1 | 1 1 1 1 | 1
0 - -1 0 1 2 3
100 200 300 400 500 600 Best Fit o/agy,
m,, [GeV]
Expected for m,; =125 GeV: 5.10 u=08+0.2
Observed at 125 GeV: 4.00 Sub-channels give consistent results

37



Couplings to quarks and leptons ?

Leptons

Search for H 2 Tt and H - bb decays




Search for H - Tt decays

« Hadronic T decays (challenging signature)
Use multivariate technique to separate t decays
from jets

 2-4 neutrinos in final state, mass reconstruction difficult;
Using “Missing mass calculation” *)

« Major background: Z - tt decays;
Modelled using data:
“‘Embedding technique” replace muons in real Z 2 uu
events by simulated taus

« Signal-to-background ratio improves for
VBF-topology or high-p; Higgs (“boosted” category)

* Analysis is split into three sub-channels:

-H> 1t 2 {vv £ vv
-H> 1wt 2 {vv had v
-H>1t 2 hadv hadv

*) Nucl. Instrum. Methods A654 (2011) 481
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mass can be reconstructed;

Di-tau mass reconstruction

Despite the presence of two neutrinos in the final state, the Tt invariant

Simple method: collinear approximation;

Assume that the neutrinos fly in the direction of the
visible decay products; use measured E; ™S to constrain
neutrino momenta
(Good approximation for “boosted” taus, e.g. for high-p; Higgs

Today: more sophisticated methods used by ATLAS and CMS

Arbitrary Units

decays ( H+1jet or VBF-topology))

e+

Ve

i

e,

ATLAS: Missing Mass Calculator (MMC), Nucl. Instrum. Methods A654 (2011) 481;
CMS: SVFit, documented in CMS PAS HIG-13-004;

Basic idea: under-constrained kinematic system, use maximume-likelihood fit method

(scan over all possible neutrino directions)

LI B B |

0.16F S €Tpad + WThag Preselection |
0.14f —4$— Z—tt Embedded
r 5 Z-sttAlpgen MC 7
0.12F oy + LAk ]
“ 7/, Emb. syst. 1
0.1 . [Lat=130m" -
0.08F é ‘ (s=8TeV S
. ATLAS Preliminary ]
0.06- N g ]
0.04- o ]
0.02F . ]

°

9 o,

O ot | 1 |
50 100 200 250

MMC mass m_. [GeV]

1/dm,,  [1/GeV]

o©
o

0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

CMS Simulation (s = 8 TeV wt,

—— H—1rm,=125GeV

e

visible mass

1/dm,, [1/GeV]

|

h |
50 100 150 200 250
m,, [GeV]

©
o
=

0.14

0.1

0.08

0.06

0.04

CMS Simulation s =8 TeV ne,

—— H—=1u

e

m,, = 125 GeV

after SVFit

50

-
100

150

ol
200 250
m,, [GeV]
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Z > Tt embedding

 Z - 7t is the dominant (overwhelming) background

* Due to the small expected H - Tt signal, its shape
must be precisely known!

>

Use data (Z - uu decays) to model all properties
(jet activity, underlying event, pile-up, ..),

except tau decays, from data - overall smaller
syst. uncertainties

0.16
0.14
0.12

Arbitrary Units

0.1
0.08
0.06
0.04
0.02
0

I[llll]lIlllllllllllllllllllllll

|

8

T 1T | T T 1T
€T g + U Ty, Preselection

—$— Z—1t Embedded

—¢— Z—>1tAlpgen MC
7/, Emb. syst.
j Ldt=13.01b"

{s=8TeV
ATLAS Preliminary

v v by by by by o |

1 1 1 'm
150 200 250
MMC mass m_. [GeV]

Data Z—pp events

l

Replace pp—tt I

!

T-decays:
Tauola + Simulation

l

Embed t-decays
back into Z event

!

Hybrid Z—tt event I
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H - Tt background conditions/normalizations

CMS Preliminary, \s=7-8 TeV,L=24.3fb", H—> 1t

—e— oObserved

; =
S [ €Th —p
< 1000 [0 jet B 7 co
= B clectroweak
=«
Lo ,E; C—J Qcp

[ bkg. uncertainty Z>MU (ffakesa )

embedding ——%=— |

400

shape from Monte Carlo
simulation

normalization from peak

200 in visible mass region

Ll 1 I Ll 1 l Ll 1 l Ll 1 l Ll 1 l Ll 1

CMS Preliminary, (s =8 TeV, L = 19.4 b

0 2 T L LI B B B N N N B
0 300 € 30000 - ut —e— observed
o “h [
L I clectroweak
25000 I

m.. [GeV]

[3Jaco

bkg. uncertainty

20000

15000

Multijet background
(QCD)

10000

5000

| / T, fakes:
- use same-sign data
- variation of isolation

0
0 20 40 60 80 100 120 140 160

m; [GeV]
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H - Tt categorization

er,, UT,, ey, U

p.(t, /M)

No. of jets -
0-jet, low-p_ 1-jet, low-p_ 2-jet, VBF
; > 2 jets
* Large background * Enhancement due to jet
« No fit for signal, requirement | Sl Bl ER
constrain uncertainties - Better mass resolution o Ar]"_ >3.5
0-jet, high-p_ 1-jet, high-p_ « Central jet veto
o Larg.e background ) S;Z?:;ﬁ;nrﬁm LhE e « VBF H signal
oz f'tt for S|gn?tl,- i « Better mass resolution enhanced
constrain uncertainties « 7.1t suppressed by
| high-p_(tau)
TT 1-jet 2-jet, VBF

Michal Bluj, EPS Stockholm 2013

+ p(TT) > 140 GeV

» Better mass resolution
» QCD suppressed

e p,(T7) > 110 GeV
. Mjj > 250 GeV
.A%>25

» Central jet veto
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H - Tt categorization

er,, M1, ey, Uy

No. of jets
_ 0-jet, low-p_ 1-jet, low-p_ 2-jet, VBF
e a
E‘ * Large background + Enhancement due to jet | |* 22 Jets
o |! » No fit for signal, requirement . Ml.i> 500 GeV
constrain uncertainties | | * Better mass resolution «An >35
0-jet, high-p_ 1-jet, high-p_ * Central jet veto
c Larg.e background : E’;Z?g‘;ﬁg:ﬁm LB » VBF H signal
ot f'tt for S|gn?tl,_ i « Better mass resolution enhanced
constrain uncertainties | I, >~ o oorecsed by
A/ high-p_(tau)
1T 1-jet 2-jet, VBF

» p,(TT) > 140 GeV

» Better mass resolution
» QCD suppressed

A simplified version:

. VBF | Boosted  Ijet | Ot VH
ATLAS v 4 v v X

CMS

v

v

had-had

« p,(TT) > 110 GeV
- M,>250 GeV

. Ar]ji >25

* Central jet veto

v
Low/high P.(t)

To constrain
systematics



CMS

Compact Muon Solenold

et, VBF

CMS Prellmlnary, Vs=7-8 TeV L 243fb H—tt

— 3.0 T T T rrT
S D 5xH(125 GeV) 1t ]
8 L €T, —e— observed 1
1S o C3Z-w ]
= 25F 2 jet (VBF) & 7 co ]
é: - @ clectroweak ]
[ | — N
s 20F - | — Neleis} -
2 r [T bkg. uncertainty i
T s - .
10 F .
05 f .
0.0k .

0 100 200 300
m,, [GeV]
eu, VBF

3.0 CMS Prellmlnary, Vs=7-8 TeV L=243fb"H—>1t

— ™T L ' ! T
> 5le(125 GeV)ﬂ! ]
8 eu —e— observed 1
. Iz ]

E 252 jet (VBF) @ clectroweak ]
 m— ]

E; :l Qco ]
o0  * = ] bkg. uncertainty -
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> " :
T s | .
- ]

1.0 | s

0.5 + -:

— L ]

0.0 * .
0 100 200 300
m,, [GeV]
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0.0

ut, VBF

CMS Prellmlnary, Vs=7-8 TeV L=243fb"\H—>tt

E D e BXH(125 GeV)ort 3
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E o C3 z-+r ]
'_ t (VBF) @ clectroweak =
E 7l | — N E
F ! :l Qcb =
F = ~ T S "] bkg. uncertainty E
S A [ 3
0 100 200 300
m,, [GeV]
uu, VBF
0 CMS Preliminary, Vs=7-8TeV,L=23.6fb",H—>tt
3 L B str'mésée\)) T ]
- —e— observed =
9 ph =2 e :
E 2 jet (VBF) . 2 3
8 _— B clectroweak =
E | — N ]
7E C— acp 3
C [7] bkg. uncertainty 3
6 F -
3 3
4 F E
3F -
2F =
1F 3
ok
0 100 200 300 400
m,, [GeV]

Standard Model Higgs boson signal multiplied by factor 5

dN/dm_, [1/GeV]

Reconstructed mass distributions

Full data set
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2.
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tt, VBF

CMS Preliminary, Vs=8TeV,L=19.4fb", H—> 11

L T. 0 e 5xH(125 GeV)—tt
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jet (VBF) Tz
2jet (VBF) =37
@ clectroweak

| — e lels}
[} bkg. uncertainty
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[ —
.
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300
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CMS PAS HIG-13-004



Cis.

Combined reconstructed mass distribution

CMS Preliminary, Vs = 7-8 TeV, L = 24.3 fb"’

= ' 4
L ) H(125 GeV)
8 | ewer,ut, T, T -@- Data - Background
1 OOO - D Bkg. Uncertainty
N
— i 20f _+_ -
Ell: = .
800 — ’,//////, ’
®] | 0 —H—
E L —+—
© -— 1(30 15.0 _—
© 600 - m, [GeV] J
Fe=

% . 7 H(125GeV)—>tt

e —@— observed ]
D 40T o ]
QL i — -
; L B clcctroweak -
m 200 — (e -
SN - -
(7)) . .

0 100 200 300
m, [GeV]

Combined observed and expected m__ distributions; The distributions obtained in each
category are weighted by the ratio between the expected S/B yields in the category.
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Major systematic uncertainties

|. Experimental uncertainties

Normalization of Z - vt background
(ATLAS study: 4-16% uncertainty)

Uncertainties on t identification and trigger efficiencies

Tau energy scale
CMS example: 8% on signal yield,

lI. Theoretical uncertainties

- signal cross sections and acceptance;
depends on production process and on the category

(e.g. scale uncertainty in gluon fusion yield is 10% in 1-jet/high p; category,
and 30% in the VBF category; scale uncertainty in VBF production yield is 4%)
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. 4 Search for H - tt decays in VH production

WH channel i /H channel
& S Preliminary S Doy OWSPelmnay e &‘,‘24_",""5"'“'.'?‘""’ S
> . zz PSS 0 -zz P . mz
3 25| [ Reducible bkg. 8 "3 .| Reduciblebkg. - ! (3 : ] Reducible bkg.
o - ez ] L O 16! wz : ' S 18f e [wz
N 20- ------ my = 125 GeV/c‘i E = . —@— e my = 125 GeVic® - N 16E PN — my = 125 GeV/c' -
gt | + Observed P e o Observed - g . | ¢ Observed
g’ 15 | || [ | G=7Tev [L=50m" E °>’ 12;_ ______ &.nev,,::n.-s.om"_' g’ 12E Ji=7ToV,(’L=i01b"_1
w T VE=8TeV L=195m" v 10: E=BTev [Lut95Mm" L I B=8TeV [Le19.51b
10! ] 8¢ ' R 8; . .o
E °F | EIE | L
5- P . 3 4-e dur®- |
i ] ' ’E A= ﬁﬁTﬁ_\ 4 -.._:E 5 P +L-\_\_?_\ """"
00 20 40 60 80 100 120 140 160 180 20(23 E 00 50 100 150 200 250 300 350 400 E 00 20 40 60 80100120140160180 200220
mZ[GeV/c] : m’s[GeV/c'] i m‘s [GeV/c]
W(H(IT ) | W()H(T 1)  Z(IH(LL)
» Main background  « Main when one or two | * Four final states
irreducible Wz . fake T_(reducible) o O MG G e
« Same-sign of two o Z_l+2(jet 1) fakes |° Require Z - Il candidate
. h :

leptons to suppress
Z-llI+(jet- 1 _fake)

» Irreducible background

reduced by vetoing : from zz, reducible from
events with 2™ lepton _.||+2]etS

All VH channels: Reducible backgrounds with jet - I/r fakes measured from
data using fake-rate method
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CMS

 First “evid

CMS Preliminary, \s=7-8 TeV, L=24.3fb",H—> 1t

Combined CMS results (incl. VH)

ence” for direct fermionic (Htrt) coupling

CMS PAS HIG-13-004

CMS Preliminary, \s=7-8 TeV, L=24.3 fb™', H—>1t

(% 4.0 T | T I | : | ' |
L | T observed ] m, =125GeV |
© 3.5 —— expected =
g - [ = 1o expected . :
+= 3.0F [ ] =20 expected . — i 1-Jet
£ F ] :
1 2.5F —
o~ 20F ] E
Lo u 4 H
o r 3 :
15 ; o VH—>tr+
E 3 : —>TT+
1.0 \_///
0.5 _ E —0— Combined
000 v v 1. - N - N A | T
110 120 130 140 0 2 4
m,, [GeV] best fit for o/og,,
my = 125 GeV: Fitted signal strength

Observed 95%
Expected (no H

(all sub-channels):
CL: 1.80 og,
iggs):  0.77 ogy u=11+04
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Reconstructed mass distributions  L=13fb" (2012)

lepton-lepton e/u — hadron hadron — hadron
>450f¥xw{xwxw{xwxw[xwxwxxxx[xxx > e 1 B B B L L > kxxxw[xxxx[xxxx[xwx.x[xxxxL
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w 2505 I (t+single-top w 800 [ Same Sign Data — L 7/ Bkg. uncert. |
3 WW/Wz/zz C 77/ BKg. uncert. ] 600 _ 1
: W Fake leptons T 7 Bguncert. I [ra=130m" ]
200 777 Bkg. uncert. = 00~ f'— dt=13.0M" - i s =8TeV i
150E f Lat=130%" - Boosted C ls=8TeV 1 400 ATLAS Preliminary—|
s =8 TeV 3 400 ATLAS Preliminary — 1
100? 2. ATLAS Preliminary B . 200
50 q 200
100 150 250 300
MMC m_, [GeV] 0 50 100 150 200 50 100 150 200 250
MMC mass m_, [GeV] MMC mass m_, [GeV]
VTTTT{TTTT‘TTT{TTTT{TTTT{TTTT‘TT'TTTTTTA T T 1T T T T T L T T 1T L T T 1T VTTTT[TTTT‘TTTT‘TTTT‘TTTY‘A
- 30 ee + eu + up H+2-jet VBF ] <  22F { { T { +er N H+2-'(;t VBF 7 2 L 1, T, H+2-jets VBF ]
0] C i 5] F WThag had ] ] 0] 500 had®had N
& - —¢— Data 1 o 20; —e— Data E © L —¢ Data ]
F . « E ] ~ —— 5x H(125)—>t
~ 25— — 2x H(125)—=tt -~ 18F — H(125)—1t 3 > r [ ]
2 i Bl 7t 1 £ 60  Z-w E £ 400 I Multi-jet -
2 S0k Il Z—eeuu ] 0 . Il Others ] Q - H Others ]
w . B ff+single-top o 14F I Fake t = i, - 7777 Bkg. uncert. 1
- WW/Wz/zZ : 1oF 7/, Bkg. uncert. E 300~ f Ldt=13.01b" ]
15 [0 Fake leptons ] o _ 41 L _ 4
i ~ Bkg.uncert. ] 100 det_13.0fb E - V§_8Te\'/ ]
r fl- dt=13.0%" 1 VB F F Vs =8 TeV E 200 ATLAS Preliminary_]
10 o 8- ATLAS Preliminary 7 i 1
: Gs=gTev | 6F i ;
5} ATLAS Prehmmaryg 4; é 100;
: . 4 ] 2- = :
%50 100 150 200 250 300 350 400 50 100 150 200 250

150 200 250 300 MMC mass m,, [GeV]

MMC m,, [GeV] MMC mass m,, [GeV]

SM Higgs signal (multiplied by factors) ATLAS-CONF-2012-160



@

95% CL Limit on o/og,,

Results on the search for H = Tt decays

« Discovery sensitivity for a signal not yet reached

« 2 95% C.L. limits on cross section
(normalized to SM cross sections)

ATLAS-CONF-2012-160

C | H- tc | | ATllAS Pre‘liminary‘ ’
— —e—Observed CL, [Ldt=4.61f",\s=7TeV
" --- Expected CL_ [Ldt=13.0fb", (s=8TeV ]
— [ ]x20 =
=10 E

_\ ‘ | | | | | | | | | | | | | | | | | | | | ‘ \:
100 110 120 130 140 150
my [GeV]

my = 125 GeV:

Observed 95% CL: 1.9 ogy,
Expected (no Higgs): 1.2 ogy
Fitted signal strength

(all sub-channels):

u=0.7+0.7

Updated analysis, including the full data sample, eagerly awaited !
Important to settle the question of fermionic couplings o1



Search for VH production with H = bb decays

/'e/I~l /e/P-
— wZ < - W "V
Q>r‘wzﬂ P&\\&l e/p Q>h W @\\:i Sy a ; §&~\::.Z(W)\v
TAVAVAVAY . b ‘\,‘"\I"\/‘f\f\.. b ANAAN A\\'
oy e >”””~.0 b
q H q H ey
~ b — b q H ~ .
Exploit three leptonic vector boson decay modes
- split analysis in 0, 1, and 2-lepton categories
ATLAS-CONF-2012-161
Require 2 b-tagged jets O A A A AR RN RRRRE
E ATLAS Preliminary —_— Vi ]

(working point for 70% efficiency)

JetFitterCombNN

JetFitterCombNNc

iy,
*,
,

%
4
*,

------ IP3D+SV1

Major background: W/Z bb, W+jets, tt

Light jet rejection
2

SVo

—

w

TTTTIT

U
o

G

G

o

Q

| \IIIHIl

T

Signal-to-background ratio improves for
“boosted Higgs boson”, 10°
split analysis in bins of p(V)

LI IIIIHI

10 . .
tt simulation,\Ns=7 TeV

ATLAS: in total 15 categories p>15 GeV, [™(<2.5
H H o b b v b Py 1S

(0,1,2 jets x py bins) d3 04 05 06 07 08 09 1

b-jet efficiency

T IIIIIIIl

CMS: multivariate analysis
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Event selection for H - bb analyses

(i) Basic event selection for the three channels

Object O-lepton 1-lepton 2-lepton
Leptons 0 loose leptons 1 tight lepton 1 medium lepton
+ 0 loose leptons + 1 loose lepton
2 b-tags
jet]
> 45 GeV
Jets P T
T > 20GeV
+ < 1 extra jets
ET" > 120 GeV ET"S > 25 Gev ET'S < 60 GeV
issi T, T T
Missing E7 PSS > 30 GeV
A¢(E;ﬁSS, p"TﬁSS) < /2
min[A¢(E;ﬁSS, jet)] > 1.5
A¢(E‘T"i“, bb) > 2.8
Vector Boson - mY <120 GeV | 83 < mg < 99 GeV

(i) Further topological criteria in intervals of p(V)

p¥ [GeV] 0-90 | 90-120 | 120-160 | 160-200 | >200
All Channels AR(b, b) 0.7-3.4 | 0.7-3.0 | 0.7-23 | 0.7-1.8 | <14
1-lepton ET™ [GeV] >25 >50
m,'}V [GeV] 40-120 <120
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Definition of signal and control regions

3 pr¥ bins x O=lepton CR CR SR SR -

5pr/ bins x I=lepton CR CR SR SR -

5pr¥ bins x 2=lepton CR CR SR SR CR
CR=Control Region (low S/B) | electron+| muon
SR=Signal Region m.>40 GeV

« Common nuisance parameters across regions

« Systematic uncertainties on extrapolation between control and signal regions



Events

Data/MC

Background normalization, interplay of regions
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Reconstructed mass distributions
-full data set, 7 and 8 TeV (a selection, high p; bins)-

= L e B e e e B e e
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[2] [2]
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Demonstration of di-boson production with Z = bb in ATLAS

combination (all bins, channels)

data - backaround weighted distribution, by S/B ratio

C [T T T ‘ T T T T T T T T ‘ T T T T ‘ T T T ] C [T T T ‘ T T T T ‘ T T T T T T T T ‘ T T T T ]
o - ATLAS Preliminary ;%t(ib) (bestfi) o . ATLAS Preliminary ;%t(ib) (bestii) |
"g 600 \s=7Tev fLat=47 1" B2 iy g 1= fs=7Tev flat=471" D vacerainty |
= L V{s=8TeV fLdt=20.3 fo™! [CIVH(bb) (u=1.0) ] ] - (s=8TeV [Ldt=203 fo™! I VH(bb) (u=1.0) |
'g 500 L 0+1+2 lep., 2+3 jets, 2 tags ] 'g I~ 0+1+2 lep., 2+3 jets, 2 tags T
n C ] » 0.8 | Weighted by Higgs S/B ]
o C ] o L i
=400 ] = B —o— |
© L i @ 0.6 _|
@ oonf : @ 1
£ 300F E 2 1
2 C ] 2 0.4F |
L - ] o VT ]
200} ] s & ]
. ] Q i i
- - _c [ —
100 . <) 0.2r i
- 9%, o i - ]
Ok % ; 07 L » —‘— L ]
- - INIUG i) el e
L | | | W7/ | | G, | | |

50 100 150 200 250 50 100 150 200 250
m,, [GeV] m,, [GeV]

Di-boson signal established
(important “calibration” signal; a Standard Model Higgs boson signal is included as background)

Significance 5.10

tyyzewyy = 0.90 £ 0.20

ATLAS-CONF-2013-079 57



Di-boson signal strength

ATLAS Prelim. |==ofsta)  Totg| yncertainty
olsys) +loonu
o(theo) VZ

T~ +0.3 :

VZ(bb), 7 TeV g 05|04 —

_____________________ Mz~ l051<0.1 i |

VZ Olepton  u ,=1.157|05 ; |

"""""""""""""""" 081 LT :

V2 1lepton 1, =977 1208 i |

VZ, 2leptons 105 —_ |

™ +0.1

VZ(bb), 8 TeV oz |02 + :

_____________________ Mz T T020<01 - |

VZ, 0lepton  u__=1.27071+0.2 .;__. |

VZ 1lepton 1 =097 |+0.2 — ;

VZ, 2leptons u__=0.9707(+0.2 .——;-. |

™ +0.1 :

Comb. VZ(bb) gz |02 - 5

_____________________ e T702]<01 | |

VZ, 0 lepton n,, = 1.2°05 |£0.2 -;——- |

VZ 1lepton u =0 9% 1+0.2 .——;- |

VZ, 2leptons 1, =0.875(0.2 -——-’ R

Vs=7TeV [Ldt=4.7 fb"
Vs =8 TeV [Ldt=20.3 fb"

ATLAS-CONF-2013-079

1 pd

Signal strength [u, ]




“YB2 Demonstration of di-boson production with Z = bb in CMS

Weighted (by S/B ratio) m,, Weighted (by S/B ratio) background-
mass distribution subtracted m,, mass distribution
‘L‘_) : T T T T T -V .V T T T T T T T T T T 'a(‘a T T T T T ]: Lr) i T T T T l T I. T 'I l T T T T l T T T T l T T T T I_
2 500 1y 2 7row Lm0 E%“:’Gev’ = < gol CMS Prellmlnary e Data -
= - {s= 8TeV,L=19.0 fb"' i8R - 2 L \s= 7TeV,L=5.0fb -
5 ook P VH;H b = - = - E- 8T:V L=19.0f" [ VH(125GeV) |
] — — — - = , L=19.
% : g%ﬂ‘?}%&’ew ] S 60_— pp — VH; H — bb . N
‘© | ~—— MC uncert. (stat.) _ o)
= 300 -] g i Sub. MC stat. uncert. |
E E % B ——— Visible MC stat. uncert.]
200} — = 40 -
100~ . I
B 20~
o a0 T e e i
o 2 L
%1'5§ 0
Sost
! v ~ 2 ~ = C oo b v b b by [
2 Y ol TR T 0 50 .. 100 150/ | 200 . =850

M,; [GeV]
- Di-boson signal established

- Signal size consistent with expectations from Standard Model

CMS PAS HIG-13-012 59
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N M

95% C.L. limit on o/og,,
o

ATLAS results on the search for VH, H - bb decays

ATLAS-CONF-2013-079
[T rrrpr? |.| | LI L L L L L L L L L L L L ATLAS Prellm *gg:tast)) Total uncertainty
- ATL{S Preliminary . . m, = 125 GeV o(tl¥eo) + 1o on u
— VH(bb) ls=8TeV f Ldt = 20.3 fb — — a7 7 ‘
C ] VH(bb), 7 TeV 0.0 S U I :
_ —— Observed (CLs) se7Tev [Late 471" ] =217 ’:’0'2 SR :
- Expected (CLs) 'S=7 '€ f t= 4. B N A o 77 A B R S :
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- e o07]<0.1 | 1 [ !
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my [GeV] | VH, Olepton _0532108 1 1 | I L 1
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VH2leptons w="04ls12 | | ==
Vs=7TeV fLdt=4.71b" 4 =2 U 2 4
Vs =8 TeV [Ldt =203 fb” Signal strength [u]

my = 125 GeV:

uy = 0.2 + 0.5 (stat) + 0.4 (syst)

Observed 95% CL: 1.4 ogy Probability of obtaining a result more
Expected (no Higgs): 1.3 ogy background-like than the observed in the

presence of a SM signal (u=1) is 0.11 o
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my = 125 GeV:
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Expected (no Higgs):
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0.95 ogy,

Combined
u=1.00=0.49

Z(vv)H(bb)
u=1.04+0.77

Z(IT")H(bb)
u=0.82+0.97

W(lv)H(bb)
w=1.11+ 087

-2...0 2...4

CMS results on the search for VH, H = bb decays

CMS PAS HIG-13-012

\(s=7TeV,L=50fb" (s=8TeV,L=19.0fb"

CMS Preliminary m, =125 GeV

|

Best fit O/O'SM

wy= 1.00 + 0.49
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End of Lecture Il
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