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Introduction

Discovery in July 2012 via bosonic channels (Phys. Lett. B716):
H—Z7* =4 H—= yy, HHWW* = Lvly

Property measurement (Phys. Lett. B726):
- Production and coupling measurement
- Spin / (P |

New combined mass measurement with
H—Z/*—40and H—= yy
(submitted to Phys. Review D)

The Nobel Prize
in Physics 2013
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The Golden Channel

@ S/B ~ 2in mass window 120-130 GeV g 0p T 1 T 1 a3
2 E o @ =8TeV E g
o Excellent mass resolution: 1.6 (2.2) GeV 4y (4e) final state & | /\__
x 1BFHA WW = Tvag 3 &
CWH A Evob WW — vy 17
@ Verylow o -BR~2.9fb formy=125.5GeV @ 8 TeV Y y .
. . . 10"/ - -
@ Recentimprovements in analysis ; 77 > Fw
o o 2L ZZ 1T
o likelihood method for electron identification 107 -
@ MVA-based electromagnetic calibration e 7H — BB\ & " i
- | =e, v \ s
At . V=VV, Y, -
@ E/p combination i MR X, ]
10-4 Lo o N S e
¢ BDT for ZZ* discrimation 100 150 200 250
M, [GeV]
Final state Signal Signal 77" Z+jets, tt s Expected Observed
full mass range
Vs =7TeV and /s = 8 TeV
4u 6.80 + 0.67 6.20 + 0.61 282 +0.14 0.79+0.13 1.7  9.81 +£0.64 14
2e2u 4.58 +0.45 4.04 +0.40 1.99 +0.10 0.69+0.11 1.5 6.72 + 0.42 9
2u2e 3.56 + 0.36 3.15+0.32 1.38+0.08 0.72 +0.12 1.5 5.24 +0.35 6
4e 3.25+0.34 277 +0.29 1.22+0.08 0.76 +0.11 1.4 475 +0.32 8
Total 182+ 1.8 16.2 +1.6 741 £040 295+0.33 1.6 26.5 + 1.7 37
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o Electrons:

o Er>7GeV,

Event Selection (1)

n|<2.47

@ improved reconstruction algorithm with higher efficiency in 2012

o likelihood-based selection (cut-based for 7 TeV)

@ Muons:
Q pT>6 GEV,

¢ Qualityand ¢

n|<2.7

eaning cuts; e-e, e-|l, e-jet overlap removal

@ Quadruplets: 2 SF 0S lepton pairs

o pr1>20GeV, pra>15 GeV, pr3>10 GeV

@ Single-and dilepton trigger object(s) matched to the lepton(s)
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Event Selection (2)

o Select lepton pair with the mass closest to the Z boson mass : Z; Overall accepance
o Leading pair: 50 < mq; < 106 GeV for my =125 GeV @ 8 TeV:
39% 4y, 27% 2e2p and 20% 4e

@ Among remaining pairs, select the next-closest to mz: Z
@ Subleading pair: Mmin < M34 < 115 GeV, mpin= 12 (50) for m4l<140 (>190) GeV

o AR>0.1(0.2) between same (opposite) flavour leptons

. o S | amas Peimnay .
@ Relative track isolation in cone AR=0.2: lyrack < 0.15 5000 -6 fit- v
d B A Z—uuy, no FSR corr. Data
. . R R . . E Z—uuy, no FSR corr. MC
o Relative calorimeter isolation in cone AR=0.2: typically lcap < 0.3 4000 S 27 FSRoor bata 1
u>J | [ Z—uw, noFSR,MC
@ |do/a(do)| < 3.5 (6.5) for muons (electrons) 30000
@ FSRrecovery 2000}
@ collinear FSR for leading dimuon pairs (~4% of events) 1000
. . . . N ] oo o o i IR R RN Lo b vy by
o far FSR with high Er for leading dimuon and dielectrons (~1% of events) 070 75 80 8 90 95 100

muu(v)[GeV]
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New electron calibration

o 1.002— . . . — -
§1 0015F + Mee = . . : .
5 oot +Ep @ Intercalibration of calorimeter layers using Z — pp events
g1 00055— —E
E E E G -)0
A $$%+¢ﬁ+ %% e Wﬁ ¥ : @ 1-2% for EM layers 1 & 2
0.99951 3 - :
) 99:;_ E @ Accurate knowledge of material in front of EM calorimeter
O.9985§— P _ _ -1 —§ . . .
o p ATasPrelminary e ToV,fLat = 203" o Constrain inactive material (2-5 Xo) to ~2-10% X
13/03 23/04 04/06 16/07 27/08 07/10 18/11 30/12
Pate (Day/Month) @ EM cluster energy correction via MVA regression
Q0-02:"|""|""|""|""|""|""|"L'_| """" ] . .
8 00155 Eleotions, <00 4 " E @ Energy scale and resolution extracted with Z — ee and
< C 7
0_01;_ Calibration uncertainty_; J/LI) N ee
0.005 - + =
Ogg— all— E o Good data/MC agreement after corrections
-0.005 =
001 — o Response stable at ~0.05% vs time and pileup
0015E Ar1as s=8 TeV det 20.3 fb"
_O_Oz‘uuluu..I....I....I....I....I ............ [0
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Leptons improvements

= 1’5””""1"”'[""? ......... R RRERRE RARasazs:
T . . . . =] E TLAS Preliminar ]
o New electron likelihood-based identification selection g 09r  pHARTEmnAY
5 0.8t Ld8tT= \2/0.3fb
= E \s=8Te
@ same signal efficiency as cut-based o 07 :
2 g6k i3 :
m 00 *i*;i& a?;*i*
@ improves rejection of light-flavor jets and photon conversions by a 057 bign g : S orgh b
factor ~2 04 ' ﬁ HEIE:
0.3¢ * E, >20GeV ' E
. . 0.2 e LooselH/Multilepton -
o New electron combined fit of the track momentum and cluster i T VedunLHedur ;
enerqy RRIRIIR I trvirtirR R IR -
2 -15 -1 -05 0 05 1 15 2
@ forEr <30 GeV and when track momentum and cluster energy !
are consistent o . 1.005 . —
E 1.004f ATLAS e ®Z-uu 3
. . . = = muons n|<2. Y =
@ improves m4L resolution in 4e and 2u2e channels by ~4% gz 1003 v Iy > E
1.002F =
i : : 1.001F .
@ Improved muon momentum scale and resolution corrections : 4t
0.999F | =
@ determined using Z— pp and J/y— py, checked with Y— p 0.998 - E
0.997 - Data2012, Vs=8 TeV =
o , 0.996F [L=2031" =
@ momentum scale uncertainties: 0.05% in barrel, up to 0.2% 0.995E J _ L
10 10°
for |77| > ) <p.> [GeV]
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Background estimation (1)

Eventsin 120-130 GeV:
@ lrreducible background: ZZ* L 7.41 + 0.40 |

@ main source of background

o estimated from MC (POWHEG+qqg2ZZ+SHERPA)

% ATLAS Preliminary ¢ Data

: : 0250 Vs =7TeV: [Ldt=4.6fb" =§E'ets ]
@ normalized to MCFM cross-section ™ jetstt
;200 - Is=8TeV: fLdt=20.7 fb” E
-IE L
o
>
LLl

@ Toreduce impact of the ZZ*background on the fitted mass use
BDT discriminant

@ proffour lepton system

o N of four lepton system 70 75 80 85 90 95 100 105

M |2 m,, [GeV]
. . . . . . SI
o matrix element based kinematic discriminant ~ Dzzx = In( _g)
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>
° ° & 45
Background estimation (2) ;-
S 35 o
w " ¢ .
. L , 301 —z_fjtgts and tt fit :
o Reducible backgrounds: Z+jets (including Z+bb) and tt 25[ Ut -
20f =f'i*j°‘s :
@ estimated separately for final states with subleading muons and electrons 15 :
10}
o data-driven methods h

@ 28+pp channels 50 60 70 80 90 100

@ Four (Rs are fitted simultaneously to extract each component of the reducible Total estimate in 120-130
background k GeV:2.95+0.33

¢ Fitted yields extrapolated to signal region using efficiencies from simulation

B180F eData
g L. ) : . . O " mSignal (m =125 GeV)
@ Small contribution from WZ decays estimated using simulation 0160 mzz " ATLAS Prelminary
c 140 i.?]ﬁtﬁ. tt un/ee+ee n
3 - “SystUnc.  (5=7TeV:[Ldt=4.61 E
o Cl+ee channels 120f 5 =8 TeV: fLat=20.7 ™
100} .
o 38+X (R - full selection on 32, relaxed ID on X, SS 80} 3
¢ fitto hits in B-layer and TRT threshold

o fitted yields extrapolated to the signal region using efficiencies from Z+X
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Mass measurement

o Kinematic fit used to constrain mz; to the Z pole mass within the experimental resolution

@ improvement on the mgg resolution of ~15%

3 ATLAS
o Two-dimensional fit to mag and BDTzz+ 3 e Z? — A a s | 10
! s-7Tev: | Ldt= 451 gnal mH_124.5GeVu_1.66
N
N 1 Background ZZ*, Z+jets
o ~8% improvement over simple my fit 'é j| e iaement =0 0.08
i s s nn @ .'. o
: « s n N HEEnE = -
@ Signal model based on smoothed simulation distributions o5l ® ;?:.::il_ikf' ’ 0.06
: ° -« o BQ s
i s s o nmE® .
¢ templates parameterized as a function of my of e R 0.04
I ° lle.. e § .
o 26.5 events expected, 37 observed : i fon I (a8
0.5} il o 0.02
: P
" . ..o i
_1_||||||||||||||||||||||.||||||.|__O
110 115 120 125 130 135 140
m,, [GeV]
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Results

% :IlllllllllllllIllllllllllllllllllIIIIIII|: < _||||||||||||||||||||||||||||||||||||||||||||||_
« 35 ATLAS $ oaa 1 £ 4 ATLAS — 4o -
0 E H s 775 s 4] |:| Signal (m, = 124.5 GeV y1 = 1.66) E , - H— ZZ* — 4l :322“ i
ﬁ 30 - s= 7TeV:ILdt=4.5 o - Background 22 ] 1 2__ s=7TeV: J‘Ldt —45fb" 2uz2e _
_'(L) E \(§=8TeV-J-Ldt= s0sb” - Background Z+jets, tf E B J~ p —Compined | ]
GC) 25 o : ) %//% Systematic uncertainty - 1 O__ s=8TeV: |Ldt=20.3fb Dashed without systematics B
i 20 : : : |
- z S 7
15 ° — 6l
10 - . A N\WN M 2
5 H : o 1
NN S c
0 S Ll
80 90 100110120130 140150 160 170 0 125 127
m,, [GeV] my, [GeV]
- my=124.51%0.52 (stat) + 0.06 (syst) GeV \
: +0.6 +0.5
previous result: my = 124.3 0 (stat) 03 (syst) GeV
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Combination with H —>yy

[ e R mmma B .
g - ATLAS —lComblll’led yy+|41 ]
. . v gE-Vs=7TeV [Ldt=45 fb™ —— H =y 7
o New mass measurement just made public = 5= 8TeV Lot =203 b G S
5:_ ------ vyithout systematics _:
¢ Total uncertainty reduced by ~40% N NNy EN
@ Systematics reduced by factor ~3 3E E
2r =
@ Compatibility between channels: 20 (4.8%) Foo N NN ER
@ 2.50 previously 0N 53 155’8 24 1548 125 1555 126 1965 127 1575
m, [GeV]
R N AN AR
Channel Mass measurement [GeV] @ 350 's=7TeV[Ldi=45Mh" EEHG PP
% : Vs=8TeV [Ldt=20.3 b | -
H—yy 125.98 + 0.42 (stat) + 0.28 (syst) = 125.98 +0.50 | L. 3 Raletly E
< C e e 95% CL E
H—ZZ'—4C | 124.51 +0.52 (stat) = 0.06 (syst) = 124.51 £0.52 | & 29 ]
2 o =
2 sk =
o F E
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Conclusions

@ Analysis improved under many aspects, mainly on lepton performance
@ electron calibration, identification, energy measurement

@ muon calibration and smearing

@ NewH—1/*—4£ and H—yy combined mass measurement recently released

=4

@ my=125.36 £0.37 (stat) = 0.18 (syst) GeV

@ channels compatible with each other to within 2o

@ Other new results in the H— Z7* — 4L channel coming soon

o Measurements of the inclusive and differential fiducial cross section

=74

G
b/

o Measurements of the Higgs boson production and couplings

b/

Measurement of the spin/CP properties

¢ Getting ready for Run I ....
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Other numbers

@ Direct Higgs width measurement
¢ Event-by-event modelling of detector resolution

@ Per-lepton resolution functions use sum of 2(3) Gaussians for muons (electrons)
@ 95%CL: I'y < 2.6 GeV (exp. limit 6.2 for u=1)
@ Signal strenght: u=1.66 +0.45-0.38

¢ 0ld combined mass measurement:

@ mH=125.49 £ 0.24 (stat) + 0.50 -0.58 (syst) GeV

g
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