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* Introduction
% Event selection
% Background estimation
% Systematic uncertainties
* Results
X Interpretation of the results
- Limits and p-value
- Mass and signal strength measurement
- Coupling measurement
- Spin/CP measurement
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- e |. Low branching ratio, but high S/B ratio ~|
e L 2. Clear mass peak with good resolution,
1 -2: ZZ — I'vwv ~2%
O / ; °
70 SN \ . Four fully reconstructed leptons provide
N O all the angular information needed for the
10*100 200 300 SPin studies
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S 0.00— , .
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Lepton energy calibration wscown
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The uncertainties of lepton energy
calibration is ~0.1%
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Event Selection WISCONSIN

o Using both single-lepton and di-lepton triggers
o Electron selections

o p,>7GeVand|n|<247

o optimized cut-based identification H
o Muon selections

o p,>6GeVand|n|<27

o Inner Detector requirements
o The mass of the leading same-flavor-opposite-charge lepton pair, m,,, in
[50,106]GeV
The other lepton pair mass, my,, [12 - | 15]GeV.
four channels:4e,4 4 ,2e2 U ,2 U 2e
Apply isolation and impact parameter cuts on all four leptons
Add FSR photons to muon final states and apply Z-mass constraint to
further improve the resolution of the four-lepton mass

O O O O
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W,Z
HO
- HO

3 ' q
\ q W, Z bremsstrahlung

* to enhance the sensitivity to the individual production modes,
for the first time, add VBF-like and VH-like categories
« Jet Selections:
* p;>25GeV (|n|<2.4); p,> 30 GeV (2.4<|n|<2.5)
* loose jet quality requirements
* VBF-like: Ny 2 2, the two highest p, jets should satisfy
Iny-n,| >3 and m;, > 350 GeV; (60% Higgs production from VBF)
 VH-like: not VBF-Iike, If addtional lepton with p>8 GeV, pass
Isolation and impact parameter cuts (70% Higgs production
from VH)
* ggF-like: the rest

q
WW, ZZ fusion :

9
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* lIrreducible ZZ background, estimated from MC (PowHeg, gg277)
* The Z+jets and tt estimate from control regions (CR) in data

* The transfer factor (from control region to signal region)
obtained in a background-enriched region in MC, cross

> :IIII|IIII |||I
o gol ATLAS
< - 4 4u
> [ Vs=8TeV [Ldt=20.71b
T 50
o T
L -« Data2012 _
40 — Z+jets and tt fit
""" it fit
2Z

checked with data, is a function of p. and 7).

* The shapes obtained from CR

Events/4 GeV

N I I | L
45- ATLAS
40F Vs=8TeV [Ldt=20.7 fo

- o Data2012 _
305_ — Z+jets and tt fit
25 DA

2e2u -

 CRforll+u u,

// by reversing one of

the isolation and
impact parameter
cuts

* Afitis used to
obtain the yields of
Z +jet and tt
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Background Estimation(ll) wscons

The same procedure for backgrounds in VBF-like,VH-like categories

X In lI+ee, three different CRs are built to cross check
the results

X CR is classified into different reconstruction
categories and for each category the relative truth
compositions are estimated from MC

X The transfer factor is obtained from a background-
enriched control region in MC, cross checked with
data.

X It’s a function of pt, eta and the source of the leptons
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Systematics WISCONSIN

Main source of experimental and theoretical uncertainties
on the signal expectation common to the four channels

considered in this study

Source Uncertainty (%)
Signal yield du  2u2e 2e2u  4de
Muon reconstruction and identification +0.8 04 04 :
Electron reconstruction and identification : +8.7 24 94
Reducible background (inclusive analysis) +24  +10 23 13
Migration between categories
ggF/VBF/VH contributions to VBF-like category +32/11/11
Z/" contribution to VBF-like category +36
ggF/VBF/VH contributions to VH-like category +15/5/6
77" contribution to VH-like category +30
Mass measurement du  2u2e 2e2u  4de
Lepton energy and momentum scale |£0.2 +02 +0.3 +0.4 |
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Results with 201 1 +2012 data wisconsi

number of expected signal and background, together
with data in a window of £5GeV around 125GeV

Signal 77" Z +jets, tt  Observed | S/B
4u 6.3+0.8 2.8+0.1 0.55+0.15 13 1.9
2e2u/212¢  7.020.6  3.5+0.1 2.11+0.37 13 1.2
4e 2.6+04 1.2+0.1 1.11+0.28 6 1.1
;‘ : T T 1T 1 | T T 1 | T T 1 | T T 1 | T T 1 | T T : % __ ° Data 2011+ 2012
Q [ ] SM Higgs boson m,;=125 GeV ATLAS - g 40: [ SM Higgs Boson ATLA§
O, 80r gy Brg (120<m <130 GeV) ] 2 F . 2124.3 GoV (i) H—ZZ7*—A4l
% [ v Data(120<m, <130 GeV) H—ZZ*—4 1 € 351 |:|Ba|-cl::<gr0L.m 47 77 Vs=7TeV [Ldt=4.6fb"
= 70:_ \@=7TerLdt=4.6fb'1—: U>J E-Backgroundz;jets,ﬁ 's=8TeV det=20'7fb-1
: L Vs=8TeV fLdt=20.7 0" SOF 7 Systune.
60— L T — -
- Ny 1 251 |
A T IR PR ] B
OO . - *
PopiT “ET 'tly1't
A0 g - /
[+ s+t tisstiassissnrso00000000000 000000 = 7] 15:_ ¢Z
=R 2 ,
30: ............. PREN gt er oA 10[ .
205 o 51
T T SO CA S Yt Gl S Y Gl e Sl ot A
50 60 70 O% | ] | ] ] 1 ]
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m,, [GeV]

X.Y Ju (U. Wisconsin) Aug 8,2013 10



W

N7

LI MItS and P-val Ue WISCONSIN

Q_O-IO5IIII|IIII|IIIIIIII|IIII|IIIAI1|-LIAISII
5 10— ooz *
8 102k — Obs 2011 H—>22" 4l
- — (E))t()g 2Coo1r:1bination V=7 TeV f Lat =4.6 fb”
10 - Exp Combination  {s=8 TeV [Ldt =20.7 fb’
2 S 1o
5 20
- '.'_'.'.'.:.. 30
............... 5 .'.:::I::: 40
‘: 50
= 60
W = 70
10'13IIII|IIII|l'-I“-III|IIII|IIII:-.:|IIII|IIII
110 120 130 140 150 160 170 180
m, [GeV]
observed expected
data set min po significance mp(po) min po(my) significance
lo] o]
\Vs=7TeV | 2.5%x107° 2.8 125.6GeV | 3.5x 1072 1.8
\s=8TeV | 8.8x 1071 6.0 124.1GeV | 2.8 x 107> 4.0
combined 2.7 x 107! 6.6 1243GeV | 5.7x107° 4.4
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Mass and 5|gnal strength  wscowsn
< 20_, L B B B B L N LA AL A B o 3 L L L L O L L L B )
£ 4g ATLAS Preliminary H -7Z2" > 41 ; = O ATLAS Preliminary 7
N Vs=7Tev: [Ldt=461" C /4 D [ Ns=7Tev: fLdt=46f"  H-zZ"-a ]
16/~ s =8 Tev: [Lat=207 b 1 @ [ Vs=8TeV: [Ldt=2071" _
141 _ - A i + Best fit i
_ —all systematics - © u —68% CL _
12F - without MSS(e) and MSS(u) 4 5 3l — ok oL -
105 , ] @ - ' T withoutMSS(e)and ]
A My, = 124.3 7 (stat) fgf(sys) GeV E B MSS(u) in lighter colours |
8 E 2r B
61 = - ]
4 = 1 e -
2~ E i ]
Or||||||| |‘| ------ /|,||||||||||||||t O_I Lo b b b v b b I |_
123 124 125 126 127 122 123 124 125 126 127 128
my [GeV] my [GeV]
- Higgs mass: =124.3 +(?56(stat) +0 5(sys) GeV

= Signal strength U : (hormalize production rate to the SM)
= 4 =1.7+05 -04 at 124.3 GeV (best-fit mass from 4l)
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* Sepearate signal strength into vector-boson-mediated process,VBF and VH
from gluon-mediated process, ggF and ttH, involving fermion loops or legs

E 20 125% /\HI_' 2 T TTT TTTT | [ | [ | TTTT | I. T .I | TTTT | TTTT T TT I_l
@"’ <) 5 ATLAS Preliminary B
e (€ S - () ]

= - H—-ZzZ"' -4l .

“u 15 = 1.6¢ -1 -

g 1245 > i (s=7TeV: fl_dt =461b .

z g 1-4F (s=8TeV: [Ldt=20.7 b g

= < N ]

~ — _ +2.4 ]

10 < : MVBF+VH/MggF+ﬁH =0.750 .

124 < B LR CE R R -

ks QN - ’

S - E

L \ 123.5 E_ _E

O - E

. l l l l l 123 % 1111 | L 111 L 111 | 1111 | L1l | L1 | L1 | 111 IT
-1-050 0 %570 0

| L1 ,
S5 115 25 3 3514 S5 1 15 2 25 3 35 4

~x B/B /
ggF+tH SM VR MggFJ,ﬁH

* Left:likelihood contour as a function of the U y,ygeand U ey

* Right: likelihood distribution as a function of the ratio of 4 \y,ygrand I oop oo

* The Higgs mass is profiled

= 1.8550/0g, u = 1-2:3.2?(5/03M

ggf+ttH VBF+VH
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¥LL 8 T T T T | T T T T | T T T T | T T T T | T T T T
3 ATLAS Preliminary
7__ H—zZ" = 4 _
61 Vs=7TeV: [Ldt=46"fb" -
- Vs=8TeV: [Ldt=20.7fb ]
5__ ]
: Ay >0.57 @ 68% CL -
A= -~
3 E
2 ]
1| LR CEC e LT E R P PP E PP PP .
: | IIFI | | | |
% > 3 4 5
v My

= Left: likelihood ratio contour as a function of the coupling strength k, and
k,, assuming no non-SM contributions to the total width

* Right: likelihood ratio as a function of the ratio of fermion and weak
vector boson couplings, no assumption on the total decay width

* The Higgs mass is a free parameter
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Spin/CP measurement
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Spin hypotheses of the SM Higgs: 0,
Alternative hypothesises: 0, 1+,1°,2*

4| is the only channel in ATLAS which is able to
reject the O

Gluon-fusion process simulated using JHU
generator, interfaced to PYTHIA for parton
showering and hadronisation

P, spectrum is reweighted to reproduce the
POWHEG+PYTHIA spectrum

VBF and associated production is not
considered

BDT used to discriminate spin hypothesis,
combining the angular variables and m,, and
M3y

Use [115-130]GeV, further separated into two
regions high/low S/B

Aug 8,2013 I5
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%O.%; 'ﬂITiAzsz* o —DPata | _ : l:g Lié(setlishtc;(;(:;sr;c:tion: L(JP,u,8) = NP(u*S(6)+B(B8)) x A(O)
oo pimmer bl L = 0% o "
§0.15:_ - - q = log ; A ,’uo: — CL () = 160 e
= SR Lo Ry Brr) Pl
1 "'_ i i 0(0)° BDT analysis
005 g i - tested J* for tested 0F for
0 AL b an assumed 07 an assumed J© | CLg
a | expected | observed observed”
0" | po | 0.0037 0.015 0.31 0.022
1™ | po | 0.0016 0.001 0.55 0.002
17 | po | 0.0038 0.051 0.15 0.060
2t | po | 0.092 0.079 0.53 0.168
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- ATLAS

gl H—2z" - 4
Cs=7TeV [Ldt=46fb"
L Vs=8TeV [Ldt = 20.7 b

eData Spin 0 -
Signal hypothesis .10 .

.JP=O+
.JP=2+

N
I I I | [ [ [

DZG:
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2* with a graviton-inspired tensor
with minimal couplings to SM
particles

For 2%, both gluon-fusion process
and quark-antiquark process are
considered

Mix the two different production
processes so that f , ranging
from 0 to 100% in steps of 25%
There is little variation in the
expected discrimination as a

function of qu

Aug 8,2013 17
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* 6.60 observation of the Higgs boson in the
4-lepton channel using 25fb-' in ATLAS.

+0.6 +0.5

* Higgs boson mass from 4l: i, = 12435 (stat) *>(sys) Gev
* The signal strength of individual production

modes is compatible with SM, so is the coupling
to fermions and bosons

* The data favors SM expectation of 0" over the

alternatives. The O is excluded at 97.8%
confidence level.

Aug 8,2013 18
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X Measurements of the properties of the Higgs-like boson
in the four lepton decay channel with the ATLAS
detector using 25 fb—| of proton-proton collision data

X Measurements of Higgs boson production and couplings
in diboson final states with the ATLAS detector at the
LHC

X.Y Ju (U. Wisconsin) Aug 8,2013
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» HO WW, ZZ fusion : ;‘Tﬂ\‘;ﬁ—»
q \

s W,z

W, Z bremsstrahlung
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FSR+MassConstraint  wsconsn

%2402— e
(5220;—Events w/ recovered FSR y N —
%J, 200F —No Correction ]
S 480" M Constraint E
i ----FSRy ]
160 - -
- - FSRy + M_ Constraint -
140 § e
120F i :
1000 T -~ -
- ATLAS Preliminary . -
80F Simulaton |- E
60 -
40~ C oL ' E
200 . rwlj L
O: lllllllllll ] -I-I--l-l | | L1l | L :"l"l..J.-..' -4 -] I:

90 95 100105110115120125130135140
m,, [GeV]
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reducible background summary wsconsn

method estimate at /s = 8 TeV  estimate at /s = 7 TeV
4u 4u
mi fit: Z + jets contribution 24+05+0.6 0.22 + 0.07 + 0.02"

mq, fit: tf contribution
tt from eu + uu

0.14 + 0.03 + 0.037
0.10 + 0.05 + 0.004

0.03 +0.01 + 0.017

2e2u

2e2u

mo fit: Z + jets contribution
my, fit: tf contribution
tt from eu + uu

25+0.5+0.6"
0.10 + 0.02 + 0.027
0.12 + 0.07 + 0.005

0.19 + 0.06 + 0.02"
0.03 +0.01 +0.017

2u2e 2u2e
tf + e*e™ relaxed cuts 52+04+0.5" 1.8+03+04
tf + e*e™ inverted cuts 39+04+0.6 -
3¢ + ¢ (same-sign) 43 +0.6 +0.5 2.8+04+05"
sub-leading same sign full analysis events - 0
4e 4e
tt + e*e™ relaxed cuts 32+0.5+04" 1.4+03+04
tf + e*e™ inverted cuts 36 0.6 +0.6 -
3¢ + € (same-sign) 42+0.5+0.5 25+03+0.5"
sub-leading same sign full analysis events 3 2

X.Y Ju (U. Wisconsin)

Aug 8,2013 24



Definitions of angular variables wisconsi

— 01 (6) 1s the angle between the negative final state lepton and the direction of flight of Z; (Z») in
the Z rest frame.

— @ is the angle between the decay planes of the four final state leptons expressed in the four lepton
rest frame.

— @ 1s the angle defined between the decay plane of the leading lepton pair and a plane defined
by the vector of the Z; in the four lepton rest frame and the direction of the parton following the
positive z axis.

— 6" is the production angle of the Z; defined in the four lepton rest frame.’
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