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o | 3 Gluon fusion process

1z« Largest cross section : 19.27pb at 125 GeV

« Large theory uncertainty : ~10%

. Vector boson fusion (VBF) process

1+ Second largest cross section : 1.98pb

<+ VBF topology : tagged by 2jets with large An;,m;
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H sDeca Branching Ratio
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Branching ratio at 125 GeV

125 GeV is “ideal” for Higgs hunter!!
= Accessible to Higgs sector with various

final states (crucial for Higgs property
measurement)

Fermion decay (bb, 17, pu)

Boson decay (WW,ZZ)

Loop diagram (vy,ZY)
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4 e candidate. my, = 124.6 GeV, myp = 70.6 GeV, may = 44.7 GeV.
e. Pr=249GeV,n=-0.33, ¢ = 1.98 e:. Pr =53.9GeV,n=-0.40, » = 1.69
es. Pr=619GeV,n=-0.12, ¢ = 1.45 es. Pr=17.8GeV,n=—-0.51, ¢ = 2.84

@ATLAS

EXPERIMENT
http://atlas.ch
Run: 203602
Event: 82614360
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4,, candidate. mse = 125.1 GeV, my2 = 86.3 GeV, mas = 31.6 GeV.
pi: Pr=386.1GeV,n =129, ¢ =133  up: Pr=47.5GeV, = 0.69, $ = —1.65
3 PT = 260.4 GQV, n= 0.47, ¢ = —2.51 Ha. Pr=71.7 GQV, n= 385, e 1.65

T QATLAS | =0

!
z ' V4 558 P
e B exeniy 2
N < (& B
\: _4/,”'

Run Number: 204769
Event Number: 71902630
Date: 2012-06-10, 12:24:31 CET

EtCut>0.4 GeV
PtCut>0.8 GeV

Muon: blue
Cells: Tiles, EMC
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The golden channel

@ 4-lepton (coming from Z decays: same-flavour, opposite charge)
— very good resolution, high reconstruction and trigger efficiencies — mass
peak can be reconstructed

o Almost background free: s/b between 0.9 (4e) and 1.6 4

o Very robust against systematic uncertainties

o Very small yield: signal cross section x branching ratio (Z — ¢/ ~ 3%).
@ Low Pr objects needed to maximise signal acceptance

Kinematic requirements:
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The golden channel

@ Various control samples are used to measured contributions of reducible backgrounds
(Z+jets and tt), depending on the flavour of the sub-leading pair.

@ Irreducible background (ZZ), constraint by fit on the full ms, range.
Cross checked by the single-resonant production peak.
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Inverted dyp requirement for one of the two subleading leptons Relaxed kinematic cuts .
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Final expected and observed yields
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£ [ [llBackground Zjets, 1 Eoqot (5=7TeV:Ldt=481"]
3 oL W onel M =1256eY) = - (s=8TeV:/Ldt=581" ]
" %/ Syst.Unc. ] 6OE e -
15005 =7 TeV:[Ldt = 4.8 fb" k ol s . :
[Vs=8TeV:|Ldt=581fb" j SOE: e E
10 o 40[:
s TN Lo i U e e L.
oE DOyt et ettt s
100 150 200 250 S0 60
my [GeV]
Signal ZZ® Z +jets, tt  Observed
around 120.130 GeV: 2€2n/2ji2e 229+ 0.33 0.80£0.05 1.27+0.19 5
4e 0.90+0.14 0.44+0.04 1.0940.20 2
M = = =
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The ATLAS electromaqgnetic calorimeter

Tile barrel Tile extended barrel

Lead/LAr EM calorimeter divided in 3 longitudinal
' compartments + Pre-sampler in front

» Good energy resolution :

-

LAr hadronic W =
end-cap (HEC) & p )
—— o(E)/E = a/E @ b/VE @ c (with a ~
end.cop (EME0) » 0.3 GeV, b~ 10%, c ~ 0.7%)
b ]
~ - - d .
S S 4 \\ « Good angular resolution :
S - o(®d) ~ 10° rad :
S ~ > <A Sampling 3 , "
!Arelecfromagneﬁc\‘::i "? .. "' G(n) - 510 rad L \ _ 'lri( ,,b"a::k )
parrel ‘ LA forward (FCal) = Amon_
e : g ' j\
':'N JILW or
i 80 =0 (g5
Layer Granularity Radiation length &
Anx A IS 1
Lot N
Pre-sampler ~ 0.025x 0.1 5//§ mpling 2
7
Strips 0.003 x 0.1 43X, > “middle”)
Middle 0.025 X 0.025 16 X, \ Tl |
Sampling 1
Back 0.05 x 0.025 2 X, i (“strips”)
k =~ Presampler
;
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This will be very useful

to reject the background
from nt°

opening of photons coming R
from a 1’ (p;=40 GeV) :

. ID end-plate
¥ cryostat 1 -
seterosc fofs vl H ocranularity of
PFF1

ieg R i S o 1st sampling
ra ' —~ E R1004 - ni=2.0 . -
i ‘ t b of calorimeter
THT&&PPE]} // FH:‘EM-G+D] e Cryostat :

. .:'. | 1zl s lsfelr|alaishs 1l las 4ls a7 H; |;]|_15 ATI —~— .003
rasa }{T (encl]caph 1 |:L.u]g [[:4—?&.9 vy
- R33T. 6

Radius {mm)

SUPpOrt tube

R — Pixel PP1
r iy R22p
mze.s L > _pi
| Res.5 ] 111 Boam-pipe
| RS0, LT
i ) a00.5] sko| frae [ehs | 1zed.n | 1771.4 2116.2 2606 2730.2 ,
I. 485 650 @53.8 1081.5  1998.7 Z{mm}
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rR=1082mm

converted Y into e* e
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H>ZZ®->4l (I=e,u) : Overview

ATLAS-CONF-2013-013

The golden channel, with small cross-section but very good S/B ratio and fully-reconstructed mass

sof~ « Daa ATLAS Preliminary Background control

" [l Background 22" )

B H—=ZZ "—4l

so— [l Background Z+jets, tf : i
[ Signal (m_~125 GeV) * Irreducible background:

[ % Syst.Une. continuum ZZ® (from MC)

Signal reconstruction

Eventz/s Gelf

* Maximise acceptance =
high reco/ID efficiency

down to low-p; 6/7 GeV Reducible bknd @ |
e E "\-'40!200}" 4 4e :_ 'lIS =?TEV.'ILd1=4.ﬂ fb-ll . e UCI E n OW
I-U [ event 0 l"j ] EOE Is=8TeV:[Ldt=20.7 b mass: Z+bb/jets, ttbar

4

=]

* FSR ycandidate (E;>1 GeV)
added if 66<M.y on <89 -

20l

»reduced using isolation
and impact parameter cuts

~4% of events 10;'
* Mass resolution 1.3/1.9% L - — >measured usllng various

for 4wde @125 GeV . o o m, [Geb] ba;kgroy n:-enré(ched cfontrol

. . - +

on leading lepton pair P actors from (+checks)
[Improved selection w.r.t last => In region 1255 GeV: 32 events In region m,,>160 GeV: 376
results: lepton pairing, tighter observed [11.1£1.3 expected from events observed, 348126
electron ID, relaxed m,, cut] bknd & 15.9+2.1 from SM Higgs] expected from bknd (mainly ZZ)

Lepton energy scale & linearity and identification efficiencies (+ systematics) measured on data down to low py
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H>ZZ("->4l (I=e,u) : Overview

ATLAS-CONF-2013-013

The golden channel, with small cross-section but very good S/B ratio and fully-reconstructed mass

= c
Signal reconstruction 5:3 60~ = Data ATLAS Preliminary Background control
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H>ZZ™"->4l (I=e,u) : Results

ATLAS-CONF-2013-013
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[35]
= B 68% CL ] )
= L i --- 80% Gl ] )
2 3f SRR (4.4c expected for SM Higgs)
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H-> ZZ-4l Analysis Overview

* Excellent S/B due to 4lepton (4e 4, 2e2p) final state, but

small rate

= Important to obtain high detection efficiency for leptons .- --
2p,1%34>20,15,10,(7 for electron, 6 for muon) GeV 70
= Likelihood-base electron ID (reject fake bkg by factor 2)

_,J:‘

¢ 50 < m12 < 106 Gev, 12 < m34 < 115 Gev 3012 A'_r_ll_Alsslm-:m;tmln .
* Recover FSR photon from muon S of o mescw ﬂ
» Z-mass constraint for m,, (improve m, resolution ~15%) § 008" o
O Lis=BTev
= a(m,) ~ 1.60 GeV for 4y, 2.18 GeV for 4e 5O 0wt e
[‘_}_(}4: Fraction outside + 2a: 17%
* Dominant background : L 1
D'UET With Z mass consiraint " o

® /7 :MC simulation i

| J i
: 80 100 120 140
ke lepton) : Data-driven method m,, [GeV
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H->ZZ->4l Analysis Overview

Event categorization

* VBF enriched category : At least 2 jets, m; > 130 GeV
*  VH hadronic category : 40 < m; <130 GeV
* VH leptonic category : Additional 1 lepton (p; > 8 GeV)

MVA discrimination (BDT)
* signal vs ZZ bkg (p;*, n*, Matrix element discriminant D..)

Ik An”l

o
k.
M

ggF vs VBF signal (m

ERARREARERNRERRRRAR R T T
+ ATLAS Simulation B

o
—

H2Z2* 41 =k

o
(]
(]

- 15 =T TeV Ju:l--t.:.fu'

b ois=8Tev J—m -zo03m’

/N dNGBDT . ouiput / 0.05
5
)

o
(=]
B

ot
o
]

=

Foim -128 Gev) |
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BDT, 4 output
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H->ZZ->4l Results

* Inclusive anaIyS|s (m,_u vs BDT,, 2D fitting)

&
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15¢ . ‘ "' . i,
; 05} ht ﬂ" i T el00s 6
10} ‘ i, ll:'l o . ‘
5: .,' R — : .. . : 2 :
- 0 e o —'* H:-‘ —' - -— _0.04 0
0' H dﬁu .l': T 1 80 80 100110120130 140 150 160 170
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My [GEV] -05 y E I..'::... i d_ _0'02 ey 18 IBAEARERERARE T
SRR = e - E - ATLAS L ]
v v £ IEN
‘l 1118y _0 u:'j ¥ I -HWMEF )
110 115 120 125 130 135 14 e fuemsnt .
Observed significance m, [GeV] - 120<m, <130 GaV :

at 125.36 GeV -
o(Exp. 6.20) 20% improvement from

previous analysis

-1-0.8-0.6-04-02 0 0.204 0608 1
BODT,,. output
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H->ZZ->4l Results

¢ Coupling results using categorization
o Combined u=1.44*-4 . (stat)*021 , ., (sys)=1.44*044 .. -
' Compatibility
o BDTVBF to extract VBF S|gnal (BDTVBF Vs m4I flttlng) with SM ~30%

—10tFT = T UM IR RS R
e ATLAS m; 125 cav § o 14- * s ﬂng_f Y 7 - ATLAS - 68% L.
o Dala - Best Fil = ae = ] i .
L10°Fn -2z 4 s D;] 12 isw o = B Hozz' 4 - 959% CL
o \e=7TeV JLdt- 451" =N " . 95% CL 1527 TeV/ {Ldl “45h" - \s=TTeV [Lat=451" +SM -
0 10°F s-emev fot-z03'  mmez ) = 10 1s=8 TeV |Ldt =203 1b" - \s=8TeV [Ldt=203fb’  My=125.36 GeV
VBF enriched caegory @élﬂm meatingy é 2D mode! ggF . 4r P : N
10F 110<m, [Gov] < 140 ' < 8 m,, = 125.36 GeV E ; : : 1
1 f E 6 B Ej— ]
10° & - i
2 . 2:— n
.2 L
10 0 _ i i
10° 2 . [
B LR Y SR R PR | S PSP U S N U B
4 06 02 02 068 1 05 1 15 2 25 3 35 4 06 08 1 12 14 16 18 2
BOT, . output !-LEE'F . B/B,, %,

gl

Rulty in BDT pggF+be+ttH_1 62; - 1(Stt)+0'25'-15(5y5) o
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