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The SM HIggS boson BSM Higgs in ATLAS: A. Ferrari's presentation

NNLO, NNLL, EW corrections, uncertainties inclusive & exclusive P’f’, line-shape, interference, BR, etc... [link]
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Trigger and s/b discrimination — not easy for all channels at hadron colliders.
In the mass region below ~150 GeV:

@ 7y (great resolution but large backgrounds)

0 ZZ (Small backgrounds, but statistically limited)
o WW (good s/b, but virtually no resolution )

@ bb, 77 (reviewed by A. Farilla)

- University of the Witwatersrand, G. Carrillo-Montoya

for a my of, let’s say 125 GeV:
Vs [TeV] H 7 8
opp—H [PD] || 17.5 223
oggF [PD] 15.3 195
over [Pb] 12 176
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http://arxiv.org/abs/1201.3084

A Toroidal LHC ApparatuS -
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Luminosity — pileup interactions

o During 2012, the LHC provided us
larger integrated luminosities, still with
50 ns bunch separation:

20 TotalDelwered: 22215 HeP ] - More interactions per bunch crossing.

- Reconstruction of objects need even
robuster methods — performance of
physics analysis:

o Sustain high identification efficiencies
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o Missing transverse energy under
control
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%ATLAS

EXPERIMENT

Run Number: 203779, Event Number: 56662314

Date: 2012-05-23 22:19:29 CEST

Leading ~:
Er =62.2GeV,
n = 0.39

Subleading ~:
Er =55.5GeV
n=1.18

m,, = 126.9 GeV.

Only reconstructed
tracks with

Pr > 1 GeV, hits in
the pixel and SCT
layers and TRT hits
with a high
threshold are
shown.
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Strategy
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o 10 categories, as function of resolution, s/b, production mechanism:

- Converted/unconverted, n of selected photons, high/low transverse component of

the system’s trust (Pr;) and 2 jets

- University of the Witwatersrand, G. Carrillo-Montoya
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Strategy

Large, falling distribution of backgrounds: y~:74%, ~-jet:22%, jet-jet:3% and Drell-Yan:1%

/S 7 TeV 8 TeV

o X B(H — 7)) 39 50 | FWHM
Category Np Ng Np Ng [GeV]
Unconv. central, low pry 2054 10.5 2945 14.2 3.4
Unconv. central, high py 97 1.5 173 25 3.2
Unconwv. rest, low pr 7129 21.6 12136 30.9 3.7
Unconwv. rest, high ppq 444 2.8 785 5.2 3.6
Conv. central, low pr; 1493 6.7 2015 8.9 3.9
Conv. central, high pry 77 1.0 113 1.6 35
Conv. rest, low prq 8313 il 11099 26.9 45
Conv. rest, high Pt 501 2.7 706 4.5 3.9
Conv. transition 3591 9.5 5140 12.8 6.1
2-jet 89 22 139 3.0 3.7
All categories (inclusive) 23788 79.6 35251 110.5 3.9

Systematic uncertainties:

@ Background modelling, object ID, pileup, energy scale, isolation, trigger, luminosity ...

o Theory uncertainties (at 125 GeV): Scale & PDF, underlying event simulation, P
modelling

Documentation:
https://cdsweb.cern.ch/record/1460410/files/ATLAS-CONF-2012-091.pdf
Phys.Lett. B716 (2012) 1-29
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https://cdsweb.cern.ch/record/1460410/files/ATLAS-CONF-2012-091.pdf
http://arxiv.org/pdf/1207.7214v2
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Quantifying the E€XCEeSS, Pp. (against background-only hypothesis)

o Excess (my):
126.5 GeV
o Expected
(local-significance):
Data 2011, V5= 7TeV, [ Lok = 4.8 5 2.50
10% Data 2012, {s=8 TeV, { Ldt = 5.9 fir’] o Observed
____________________________________________________________________________ 40 _cianifi .
10° iy L E gosc:al significance):
7 Obsenved p°2011 E 00
. © Observed p, 2011 (vith ESS) I (E)Eec(ed:p:uzf)il 3 Fitted si |
107 £ o observed p, 2012 with ESS) —— gxs:;/:d 2022%1122 3 o Fitte signa
107 I T strength:
110 115 120 125 130 135 140 145 150 i1 =1.84+0.5
m, [GeV]
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4e candidate. mye = 124.6 GeV, mi2 = 70.6 GeV, mzy = 44.7 GeV.
€. Pr=249GeV,n=-0.33, ¢ = 1.98 €: Pr =539 GeV,n=-0.40, ¢ = 1.69
e;: Pr=619GeV,n=-0.12,¢ =1.45 es: Pr=178GeV,n=—-051,¢9 =284

@EXPERIMENT
http://atlas.ch
Run: 203602
Event: 82614360

Date: 2012-05-18
Time: 20:28:11 CEST




4, candidate. my, = 125.1 GeV, my, = 86.3 GeV, mss = 31.6 GeV.
pi: Pr=36.1GeV,n=1.29, ¢ =1.33 ot Pr =475 GeV, n=0.69, ¢ = —1.65
naz: Pr=26.4GeV,n=0.47, ¢ = —2.51 na: Pr =717 GeV, n=1.85,¢ =1.65

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 - H — ZZ") — (¢~ ¢t ¢~

o 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 (4¢) and 1.6 4.

o Very robust against systematic uncertainties

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

Kinematic requirements:

105 = 102
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€  sof g 92 } 4
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T E £ F omfiaarn lomfia o
2 47 65;— ® DatalJ/y - ee O MCJIy - ee ﬁ 86; & MC ——Mc ]
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O Various control samples are used to measured contributions of reducible backgrounds
(Z+jets and t1), depending on the flavour of the sub-leading pair.

o Irreducible background (ZZ), constraint by fit on the full m4, range.
Cross checked by the single-resonant production peak.
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Final expected and observed yields

> T ‘ —— S T

8 [ ¢ Data ) ATLAS 8 F I my=125Gev ATLAS

0 25 [l Background 22" o O, 80 g Bg (120<m <130 GeV) b

5 T . . H-ZZ >4l 3 v Data (120<m, <130 GeV) H—zZ" >4

S -zéwﬁfundfz:zs’\;; E70 fs=7TeV:|Ldt =48 10"
r ignal (m = e

I_ﬁ207|:I 9 H fs=8TeV:|Ldt = 5.8 fb"

[ % Syst.Unc.
[Vs=7TeV:[Ldt = 4.8 fb"

—_
[}

[Vs=8TeV:[Ldt=5.8fb"
10,

1e100000000s

0 50 : .
100 150 200 My [Ge\Z/iSO m,, [GeV]
Signal zZ™) Z +jets, ft  Observed
In & ma, window 4. 2.09+0.30 1.12+£0.05 0.13+0.04 6
around 120-130 Gev: 26€2u/2p2e  2.29+ 0.33  0.80+0.05 1.27+0.19 5
4e 0.90+£0.14 0.44+0.04 1.09+0.20 2
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Quantifying the excess, po

o ey e W

—i 10%E —— Obs. combined ATLAS = 2  ATLAS 2011 + 2012 Data |

o [ Exp. combined “) 3 < L . ]

3 —— Obs. 2011 H- zz7- 4 1 © [ (s=7Tev: [Ldt=4.8fb Hozz9 - a4 ]

10 = O oo (5=7 TeV: [Ldt=4.8 fblL S 4 s=sTev: =58 ]

L Exp. 2012 (s=8 TeV: [Ldt =5.8 fby H (_(g r T Bestiit 1

5 r —68% CL 7

/ ; ; ; il\x ; 3 g) 3; --- 95% CL 7

10°E WAL - 7;]5 1) L fixed ESS in lighter colors -|

102F 2 ]

10°F E i ; ]

3 E 1~ ]

10%¢ Y L ; E F o 1

E e J40 o N T I A AP P
10-5\\HM\H\rwm\HHMH-‘\'\HH\HH 122 124 12 128 130

110 120 130 140 150 160 170 180
m, [GeV] my [GeV]

o Excess (my): 125 GeV

o Expected (local-significance): 2.7¢
o Observed (local-significance): 3.60
o 4 =1.2+0.6
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Exploring large Higgs mass hypotheses

The 4/ channel is also very sensitive at high my, no excess found:

> a0 5102;H“HH‘HH‘HH‘HHE
340k ATLAS Re) C ATLAS — Observed CL,
035i * Data " ° [ I TR ExpectedCL, |
% = [ Background 2z s rH-2zZ7- 4 s 7
€ anr [ Background Z+jets, tf | = (5=7 TeV: fLdt =4.8 fo* EHz+10 .
030 |:|S|gn%(m =125 GeV) £ _ e [J+20
a - I Signal (mH—190 GevV) - 10 Vs=8 TeV: [Ldt =5.8 fb =
25 I Signal (m, =360 GeV) (@] E ]
F W Syst.Unc. § ]
20 H-zz"_al °
= Vs =7 TeV: [Ldt = 4.8 fb™
15F 1 |
- [s=8TeV: [Ldt=5.8fb" E
10F ]
“1\ otb el L
200 400 600 800 110 200 300 400 500 600
my, [GeV] my, [GeV]
Documentation:
https://cdsweb.cern.ch/record/1460411/files/ATLAS-CONF-2012-092.pdf
Phys.Lett. B716 (2012) 1-29 B & = = = o Ne
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https://cdsweb.cern.ch/record/1460411/files/ATLAS-CONF-2012-092.pdf
http://arxiv.org/pdf/1207.7214v2

Other ZZ channels:

H—2ZZ - (74—qq and H - ZZ — (*(~vi : 4.7 fb~!

3 ATLAS ‘Preli,;linar)‘l ' A > ATLAS Preliminary % OOFATaS Prefminary s - 7 Tev
S 12 — Total BG (o] S © data (6] Ho2Z - .
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2 — DYujets > = Total BG - Top
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i} 8| — Other EW £ — Top o 30 W |
Multijet 5 —— Diboson fin} . Signal (m, = 400 GeV)
6|
201 !
4
10|
2
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H] — —4— Observed CL, L 10l ATLAS Preliminar —— Observed — L 45
g ATLAS Preliminary " gooecied ° 2 Y . Expected 1 ® HsZZ vy —enrs Expected
5% [0 Expected + 16 s I 3 m+ic 1 § 4 Bt
H 0 Expected +20 £ g JLt=a7ml 67TV Sizo 4 E esEy [Loati’ 57Tev N
3« S [ 1 = ! [J+20
# s=7TeV o I ] ©
8 2 e 1 2
e 8 [ ] 8
a g
2 r 1
1o r
Lt | | I L] 200 250 300 350 400 450 500 550 600
R N T T 200 300 400 500 i ége] m,[GeV]
ATLAS-CONF-2012-163 Phys.Lett. B 717 (2012) 70-88 Phys. Lett. B 717 (2012) 29-48

o The H — ZZ decay allows us to explore a very wide region using many

different topologies

o>


http://cdsweb.cern.ch/record/1494191
http://arxiv.org/abs/1206.2443
http://arxiv.org/abs/1205.6744
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Vs=8TeV - eu - Zerojet - P7=33GeVandP;=29GeV,
Efssrel — 35 GeV, mr = 94 GeV.

%ATLAS
L EXPERIMENT

Run Number: 204026, Event Number: 33133446
Date: 2012-05-28 07:23:47 CEST
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H— WTW~- — (Tvi v strategy

@ Large backgrounds carrying large systematic uncertainties.
@ my can'’t be reconstructed... Quite challenging
o Binned in jet multiplicity — enhanced sensitivity

§%) T T T T T T > 107 T T T T
§'49%0" ATLAS Preliminary bt v B 1L ATLAS Preliminary g o g oo™
Yyo000L- Vs=8 Tev,f Ldt=13.0f0" i [ SingeTop | 0 Vs=8TeV,[Ldt=130f" [Jd [ single Top
o ’ I Z+jets [ Waiets 9 2 10° oW y I Z+jets [ W+jets
e ]
10000 d ) —evuv/uvev [ H[125GeV] B § - — eVpv/pvev [ H[125Gev]
— E i} lOA
8000 B N
] 10
6000k -
4000 =
2000 E
0 10 200 250
Nes ETa [GeV]

o A complete set of data-driven methods to estimate nearly ALL backgrounds from data.

Results presented here: update with 13 fb~" of \/s = 8 TeV data, for the opposite flavour, zero and one jet channels

o 5 = = = 50 A
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Control regions

o Wh+jets: “failed ID” requirement (important when subleading lepton is an electron).
O Z+jets (77): large A¢p(¢¢) and my, < 80 GeV.
O Top: b-jet veto survival probability, or with the presence of a b-jet in the one jet bin.
o WW: no A¢(¢¢) requirement, and large my,.
Contributions from W+jets and Top are subtracted appropriately from the control
regions.
5 2B0FTTTITT T e P e
8 | ATLAS Preliminary gow Zomeroe ] @ 900 ATLAS Preliminary g% = onero s
3 F Vs=8Tev,[Ldt=130fp? Da [EsneTe | S 140 {s=8Tev,[Ldt=130f> & [JSmoeTp
= 2001~ © . [ z+iets [ Weiets ] - E © . [ z+iets [ Weiets ]
g F H-WW""_ evuv/pvev (0 jets) BB H (125 Gev] ] g 120 H-WW aevpvlgvev (1 jet) B 125 Gev] 3
& 150 Jd @ 100F 3
i 1 e ]
100; *: 60 3
50 3 40F E
r ] 20— E
oL . L —~ =

50 100 150 200

e,
50 100 150 200 250 300 350 400 450 300 350 400 450
m; [GeV] m. [GeV]
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Final expected and observed yields

> L S B B B B BB
[0 [ s —
0] 1201 ATLAS Prelimi nary 4+— Bkg. subtracted data ]
2 ook Y5=8TeVJLdt=130f" [ ] Hizeew B
2 E Howw " Sevuv/uvev (0/1 jets) ]
o 80— -]
[T F i
60— —
40~ -
20~ -
Ok i
P P B P I B SR N
50 100 150 200 250 300
my [GeV]
[ Signal | WwW WZ/ZZ]W~ tt Single top Drell-Yan W+jets [ TotBkg [[ Obs.
H + 0jet 45+£9 242132 26+4 162 11+2 443 34E17 334£28 423
H+1jet ‘ 18+6 ‘ 40422 10+£2 37413 1317 2 IAECE ‘ 114+18 141

Events in window 0.75my < mr < my
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o= e = 10g7 e 7 25 £F
= TLAS (F;reliminary = o \‘% ATLAS Preliminary 4 EX
S ) . = E i . El =3
3 —WW I—>evuv/uvev (0/1 jets) 2 g \\ Howw Sevpvivey ] g <
=8TeV:|Ldt= 13 " = e A E
s-8TeVjLat=13 b 5 78 \\ s=8TeV; [Ldt=13 16" ] o
g 6 X 2Inim) =23 3 115
@ E W T 2inAwm) =60 E
55 —o— HoWW S iviv (2012) 3
4 —F— Hoyy (201142012,4.8+5.9Mb ) — —10
,,,,,,,,,,,, 3: , —k— HoZZ"5 (2011+2012,4.8+5.81b) ]
"""""""""""" 2= 4 -5
,,,,,,,,,,,,,,,,,,,,,,,, 15~ R =
L Al B \T“‘ = ‘“‘TT"FF—"-‘ A —o
100 120 140 160 ‘P1O 115 120 125 130 135 140 145 150 155

m, [GeV]

At my = 125 GeV:
o Expected (local-significance): 1.90
o Observed (local-significance): 2.60
0 /1 =1.5+0.6 : 533 (stat) ") 5y (syst theory) "323(syst exp)+0.05(lumi)

Documentation:

https://cdsweb.cern.ch/record/1493601/files/ATLAS-CONF-2012-158.pdf
- University of the Witwatersrand, G. Carrillo-Montoya Kruger workshop 2012, WITS - CERN, December 4th 2012 27/33
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Other WW channels:

H — WW — vl (BDT), WH — WWW and H — WW — fvqq (4.7 fb~")

95% CL Limit on o/og,,
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Outlook

The search of the SM Higgs boson in the diboson decay channels are
presented, the observed excess is consistently present in all of them.
o The H — ~~ channel
using 4.8 fo=" of /s =7 TeV + 5.9 b~ of /s = 8 TeV data: 4.5 o at 126.5 GeV.
o The H —» ZZ™ — ¢t¢=¢*¢~ channel
using 4.8 fo=" of /s =7 TeV + 5.8 fb~" of /s = 8 TeV data: 3.4 o at 125 GeV.
o The H—= WTW~ — ¢ vf~ & channel
using 13.0 fo~ ! of /s = 8 TeV data: 2.6 o at 125 GeV.

The discovery phase of the LHC is just starting, it simply is the beginning:

- A Higgs-like boson was discovered, now we have to characterise it
The diboson decays are powerful tools to discriminate Spin/CP states and to
measure Higgs couplings.

- Higgs searches will continue. With the current dataset, ATLAS, with the WW and
ZZ modes, can explore larger Higgs masses, up ~1 TeV. This is as important as
measuring the properties of the one found in the low mass.









Signal yields 4/ channel

4n 2e2u/l2p2e 4e
Lowmass Highmass Lowmass Highmass Lowmass High mass
/s =8TeV
Int. Luminosity 58" 5.8fb" 59"
ZZ™ B 6.3+0.3 27.3+2.0 3.940.2 41.44+31 2.9140.3 17.7£1.4
Z + jets, and tt 0.4+0.2 0.15+0.07 3.9+0.9 1.44+0.3 2.9+0.8 1.04+0.3
Total Background 6.71+0.3 27.44+2.0 7.8 £1.0 42.8+3.1 5.84+0.8 18.7+1.4
Data 4 34 11 61 7/ 25
my = 125 GeV 1.4+0.2 1.7+0.2 0.84+0.1
my = 150 GeV 4.5+0.6 5.9+0.8 2.7+0.4
my = 190 GeV 8.2+1.0 2540t 5.3+0.8
my = 400 GeV 3.9+0.5 6.6+0.9 2.9+0.4
Vs =7TeV
Int. Luminosity 481fo~" 481fo~! 490"
ZZ™) 4.6+0.2 18.6+1.3 2.4+0.2 28.0+2.1 1.440.1 10.54+0.8
Z + jets, and tt 0.2+0.1 0.0740.03 2.1+0.5 0.7+0.2 2.3+0.6 0.8+0.2
Total Background 4.8+0.2 18.6+1.3 4.5+0.5 28.7+2.0 3.6+0.6 11.3+0.9
Data 8 25 5 28 4 18
my = 125 GeV 1.0+0.1 1.0+0.2 0.4+0.1
my = 150 GeV 3.0+0.4 3.4+0.5 1.4+0.2
my = 190 GeV 5.1+0.7 7.4+141 2.8+0.4
my = 400 GeV 2.3+0.3 3.8+0.6 1.6+0.3

Low/High mass threshold at 160 GeV



Signal injection p0 plot, H - WTW~ — (Tl
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