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» Update to the full LHC 2012 dataset (20.7/fb)
 Improved 0/1-jet ggF analyses:
Previous results (13/fb) systematic limited
Changes address sources of systematic uncertainties

* First VBF results

» Extension of results to ee/pu channels
New analysis technique to estimate Z/y* background

- Motivation / Analysis strategy
- Event selection

- Including Same Flavour Lepton Channel

- Results
https://cds.cern.ch/record/1527126/files/ATLAS-CONF-2013-030.pdf
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= — 1 = Large Higgs boson production cross section
£ r\ over wide and relevant range of M,,
—10? t |
= : - ee/ep/py + missing E; signature
&10%) - Sensitive SM Higgs search channel
Ilo,g ‘ The challenges,
- Many background (both irreducible and reducible)
Lol l ~ - Poor mass resolution (due to 2 escaping v)
920 200 300 400 1000
M, [GeV]
17— ¥ H
g F Vs=8Tev 38
= 1 Vv
X
F 10p Ek
g : Different signal production mechanisms:
© T E gluon fusion
i - VBF
0 E associated production
il lead to different kinematic signatures and jet
80 100 200 300 400 1000 multiplicities
My [GeV]

Figures from https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections



Event selection
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- Event signat 8000 ATLAS Preliminary & 0 = Seroam -
ven Slgna ure L \s,=BTeV,ILdt=:20.7fb’1 I [ Single Top .

. Bl Z+jets [] W+ets
Howw' )—>evev/uvuv B H(125 GeV)

di-lepton ( e / p ) with missing E; signature  »g000
P:>25GeV /15 GeV (single-lepton triggers)
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Same E

mil > 10 GeV e fovour ]

- Analysis performed in 4-channels o0 _
Different Flavour (ep / pe) E

Same Flavour (ee/ uy) : = - S

High pile-up = degraded MET resolution

I T T T I T T T | T T T ‘ T T T I T T T I :
[ 4~ Data %< SM (sys @ stat)
ATLAS Preliminary g ' & wzzzw,
\s=8TeV,[ Ldt=207f" [D& [ SingleTop
B Z+jets [] W+jets
Bl H[125GeV]

- Split by Jet-multiplicity
0 : Dominated by WW and Z/y*+jets

1 : Dominated by WW and
>= 2 : Dominated by

H—>WW(*)—>evuv/ uvev

Different
flavour
ggF sensitivity driven by O-jet ep
VBF sensitiviy driven by 2-jet ep ; : T
Focus talk on these results N,
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Challenge: many backgrounds 8 oL ATLAS Preliminary 2% = Sieeom
2 o Vs =8TeV, | Ldt = 20.7 fb" Oy Esmer
L] - . o * . +jets +jets
Z+jets: lepton pair + fake MET D U RTATE =
L

* Require Large MET
* Reject events consistents with Z
mass peak

_ _ I
WW produced with 2 b-jets 1% S 100 150 200 260

- Jet Veto ) | fetee

522000_ ATLAS Prellmlnary ;\E’W‘V e

. 520000E™ o qev. [ Lat— 207" L [ SngleTop -

W+Jets: lepton with MET + fake 1000E T e B i

Iepton 14000;— i _;

. . o ] 12000 E

* Isolation / lepton identification o0, E

Other Diboson: WZ, ZZ, Wy | E
N 1 - ) =b| 7S M S 4

* Remove events with > 2leptons A B
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H2>WW=2Ivlv Analysis Strategy Q%E .
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. > 10/~~~ T T T T T T T
Challenge: many backgrounds 8 oL ATLAS Preliminary 2% = Sieeom
2 o Vs =8TeV, | Ldt = 20.7 fb" Oy Esmer
L] - . o * . +jets +jets
Z+jets: lepton pair + fake MET D AR STATE = M
L

* Require Large MET 107

* Reject events consistents with Z "
mass peak :
107 |
WW produced with 2 b-jets 1% 50 100 150 200 250
« Jet Veto o e
oo, ATEAS Prelminary @ @i
18000; H—|>WW(')—>evpv/uvev B Zeiete E:VBJZ:GW]
- Large backgrounds but reduced iowf 1
- - -
with Event Selection 10000E

- Modeled by MC
- Corrected to Data in CRs
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Challenge: many backgrounds L. ATLAS Preliminary % =3t orom

\s=8TeV,| Ldt=207f" [Ja  [I SingleTop
) . I Z+jets  [T] Wiets
H->WW' '—evuv/uvev + 0/1 jets

- Important - shape is signal like
after event selection

- Small, but not suppressed with
Event Selection

- Difficult to model lepton fake rate in
MC

- Use Data-Driven method

[CJ H[125GeV]

Events / 5 GeV

- 0 50 100 150 200 250
TS [GeV]

2220000 ATLAS Preliminary % o™

W+Jets: lepton with MET + fake ;ggggi;L:iﬁiitﬁlfjif‘b =l G
|ept0n 1a000f | | E
] _ o _ 12000F- I E

* Isolation / lepton identification 10000, E
Other Diboson: WZ, ZZ, Wy 3
. i B — o e 4

* Remove events with > 2leptons A R
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[ v T T [ T T T 7T
ATLAS Prellmlnary o bua 42 SM (sys © stat)

Bl ww [ wWzizziwy

\s=8TeV,| Ldt=207f" [Ja  [I SingleTop
" . - Z+jets |:| Wijets
H->WW' '—evuv/uvev + 0/1 jets

Challenge: many backgrounds

Z+jets: lepton pair + fake MET
* Require Large MET 107

[CJ H[125GeV]

Events / 5 GeV

» Reject events consistents with Z "
mass peak | i
1o I

200 250
TS [GeV]

50

Top: WW produced with 2 b-jets 0,

-Small.and suppressed with Event ETATLAS Proliminary & b = Suono il 3
Selection , 18000f- ‘HS V\E;WT?Y J Ldt/ = P
- Hp —evuv/uvev Bl H[125GeV]

- Modeled by MC oo 1| E
12000f- | =

10000 —

Other Diboson: WZ, ZZ, Wy E
« Remove events with > 2leptons E
e B G

0] 2 4 6 8 10

N.

jets



Events / 5 GeV
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Kinematic selection exploits Spin 0 Nature of Higgs boson:
14007 1T T T T T T T T T 600 T T T T T T T — —
- ATLAS Preliminary o Sz, 1 o ATLAS Preliminary g Z0omte™ 1 3 800— ATLAS Prehmmary ;D“"’ ﬁj,”‘zz(szy";,‘*’s'a"—
C ) - il y il F ww Y ]
1200: \s = aTevI Ldt = 20.7 fb" Etzrﬂem Ef\;zi‘;ﬁm : S 500 \s=8TeV, | Ldt = 20.7 16" Egﬂ,gts Ej\;‘:i;ﬁp g 700F Vs =8TeV, [ Ldt=20.7 fb" Ege‘s Ej\‘ﬂfﬁ’ =
1000 Howw' ﬁ»evuv/pvev+0]ets Wl H125Gey) ] @ HosWW' '—>evpv/|.wev+0jels B H[125GeV) ,2 E WW(')ﬁevuv/uvev+0jets : -H[:%Gev] B
- —> 1 5§ 400 3 E
Z . 300 A(P( m(II) <50 GeV E
P-(Il) > 30 GeV- ;
] 200 =
60 80 100 120 140 160 _ ‘ =0 300 . =00 50
P4 [GeV] Ag, [rad]

WW
Other
Diboson
Zjets
Wijets

Signal

m [GeV]

E gll-"-_ 1 s | llvrlelli |nal1r)I/ oo 2 e ] Separate H>WW from
o 300 \3:1;':av,ILdt= Tﬂb1 = IVZtVW =§”g|”;‘”; E non-resonant WW production
9 2501 H—>W‘V(')—>evpv/pvlv+0jets- e E HEJ;SGQVI —
E 200E E
- - Final results obtained from binned
150F = likelihood fits to My distribution
100 - )
- ] = 2 iss - Y mis
501 - \/m§+‘pTﬂ‘ +E] —(pTH +E] S)z
0 _50 100 150 200 250 3_00

m: [GeV] 5 (3) bins for O-jet (1-jet)



VBF Event Selection

ATLAS

‘ Run 2146890,
.=g.EXPERIMENT

~_

pr(jet2) = 42 GeV

4

pr(jet1) =

m;;

DY;

Event 271333760
17 Nov 2012 ©7:42:05 CET

Candidate event for H>WW->evuv + 2 jets produced via VBF, qq2>Hqq

1.5 TeV
6.6

21 GeV

2
2 iy ) A
' L .lq"
o A
X

68 GeV =% 3

F

PR L 2

=

e

Missing E; = 33 GeV




VBF Event Selection
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VBF signature: WW + 2 forward jets

o} EARBERRARE AN RN RARAN AR RSN RARRARRRRS
2 ' — 2 1400 ATLAS Prellmlnary o Daia e sl
'=22000F ata sys @ stat — . 2 - 1 ingle To| ]
22000 ATLAS Preiminary &1 Gut%i™ - Additional Event Selection 5 s -0 -7 Qi @i
I-u18000:— \s=8TeV, | Ldt= 207 fb" Dg-t D\?Jnglfm E i, - HOWW sevuviuvev +2 2| g gt [ vofsvh (x50) |

16000%— HoWW ' Sevuv/uvey I 24 EH[:JQSGGV] _; ° b_tag Veto 1000F E
14000F ' é = PT tOt) < 45G€V/> .
12000 = 1
10000L. Background § *AYjj>2.8 E
Dominated 7 * Mjj>500 GeV E
by Top - * No additional central jets | 4
L R . ... .3 *Require central leptons _ , : —— ——
4 6 8 i0

stts A Y"
> F I T T T rrrrrTTprTTTTTTTTTTTY
> T T T T T T © 250 ATLAS Prellmlnar S Dam 27 SMsye & st
© a o ] C Y mww mmwzzzwy
© 8F I ATLAS Pre“m'nary—: ft VBF % L \s= sTeVJLdt 20.7 fo'' Eg : %ﬁ;ﬂslfw ]
g 75_ h ls=8TeV, Jlat=2071" A My aner £ 2001 H-WW ' evuviuvev +2 2] P N
g | H-wwenvivev+2211  signal selection |2 | E
L% St | 4 Data 4 SM(sysstat) ] 180E E
5 B ww [ wzzzwy . .
B I Ol [ singleTop | Exp 100 -]
4F [0 z+jets [] W+jets - . 5.0 £ 0.1 r ]
- Bl ooF  [] ver ] Slgnd| 502 ]
3¢ - - 7
25_ 3| Total Bkg 10£1 r ‘

1 | E ob 4 20 % 100 200 300 400 500 600 700 800 900 1000
e B E serve . m [GeV]

-— == WW Other Diboson "
50 100 150 200

2
&
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250 300 j Zjets
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Same Flavour channels [FIC
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Events

FT -+ 1 " 1" T 1 7T
r ATLAS Pre|lm|nal’y - Data %% SM (sys @ stat) > it L L L I L L B Y L B B B BN B B B B
25000 } || :NW -V‘fanZ:“:v -] o 200 .. 4 Data %% SM (sys @ stat) —]
: ,Tﬁﬁ”“dtfzo'm e mwe O = ATLAS Preliminary o ' w0 wzzzwy 3
200002/4 —sevev/uvuy B HlzsGev = 180:— ls—8 TeV,J Ldt = 20.7 6" [ O Single Top =
7 ] ~ — . Z+jet W+jet -
15000 Same flavour chs ] 12 160: HoWw! )eevev/p,vuv + 0 jets 0 e O H 11253(39\/ ]
* ] B H( 1 .
suffer large Z/y* > II: S 140 | =
] > — ]
1000088 backgrc?unqls E W 420f ~10 % =
contamination E 100F- . 7
] 805 INCrease INn -
L 60 overall -
jets — mgm n 7
- Primarily suppressed with Missing E; 40 SenSItIVIty =
- Large Pile-up degrades Missing E; 20F =
resolution... oC L\

50 100 150 200 250 300
my [GeV]

* Adopt harder Missing E; selection
30% acceptance relative to OF ch
= » Dedicated data-driven method to

A candidate Z boson event in the dimuon understand residual Z/V* - || bkgs
decay with 25 reconstructed vertices




2012+2011 Combined Results
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Je + + _.2 T Ns=28TeV, t =20.7 fb’ ]

@ - g% - © C HoWW Ssiviv + 071 jets Excess after i
|; 1jet 40 13 261 + 28 309 s0% 5 100 Background -
2 jet 10.6+1.4 36 +4 55 3v & - subtraction §

O T T - —]

> Ojet 25+5 161 £ 11 154 SEE > ]
05 N . .

|'“:’ 1jet 742 47 + 6 62 ézz o —
2 jet 14202 46+0.8 2 2vE i e ]

| | M| L
60 80 100 120 140 160 180 200 220 240 260
my [GeV]

0/1jet>The excess is

Q_o 103 TT I TT T T | TTITT ‘ TT 1T | TTTT ‘ T |>\ T | TriT | LI I TorTT . Q? 103

T 1 :TI;;VS\’(!?retl\i’:inary :S:;Ie::}tj::;-e 1bf‘t‘i1 observed in E e ATLAS Preliminary  — obs.

o S= ev. = H o} * 11 A =

& N A vy m, <150 GeV with a S HoWW spvly VBE e EXP- m, =125 GeV

=125 GeV

X E"P ™ I ——— Significance Of 3.80. at 10
N — m,=125 GeV 1

CI” $ 000 o (expected significance is 3.70)

VBF - the significance of

the excess is 2.50 at @ WL M %
m,=125GeV

PP I BT I I .
120 130 140 150 160 170 180 19PG %%0 (the expected value is 1.6
mH e

\s=7TeV: [Ldt=460"  Tizg
is=8TeV: [Ldt=20.7 fb

Oc
1o

20

46

10-4 s v b b by by s by s by s by o
120 130 140 150 160 170 180 190 200
my, [GeV]
The p, is the given probability for the background-only scenario as a function of m
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- Presentation of H>WW->Iviv results with full ™ F ar1AS Interal SDu o -
Run | data set = oo0af fe-eToW[Lat- 00w’ it B el
-20.7/fb at Vs = 8TeV in 2012 and 4.6/fb at 7TeVin 2011 £ "W 7 ewviveroltiel M npzcey :
collected with the ATLAS detector at the LHC 17 0.003f -
» Updated Results (included Same Flavour 0.002f- ]
channels) i ]
- The signal significance at m, = 125 GeV is 3.80. 0.001F 7
- The best fit signal strength at that mass is p = 1.01£0.31 B :

0 50 100 150 200 250 300
« VBF analysis added m; [GeV]
- observe excess with 2.50 significance - ——
& |°oF ATLAS Internal  * "ot
* Next steps T aoE fs:ﬂi':f,l Ldt= 0.0fb"  [JH[i25GeV] E
- Work ongoing to improve the signal efficiency for this £ 120p "W 7M1 E
channel... Expect to improve the signal significance up & 100f =
to 50. 80 E
60F E
40F E
20F- -
THANK YOU!! SO
EE 20F E

5000 750 200 250 300

mr [GeV]
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2012 pp Collisions in ATLAS
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22 fb1 of data at ~7x1033 peak luminosity with higher pile-up

Q'F' : ||||||| | ||||||| | ||||||| | ||||||| : : 7| T TT | L | T 1T | L | LI | T 1T | TTTT | TTTT | T 1T ‘ T TT |7
@ 30 ATLAS Online Luminosity - \'s =8 Tev E £ 140~ ATLAS Online 2012,\s=8TeV  [Ldt=20.81b™"
> - [ LHC Delivered ] ' - ’ -
8 25 []ATLAS Recorded - %‘ 120 E <u>=20.7
£ 20 - Total Delivered: 23.3 b B 2 100 -
- - Total Recorded: 21.7 fb 1 £ - ]
B B ] £ B .
T 150 - 3 80 E
g : : 3 60l ]
c - ] o L ]
= 10F = 5 F -
3 B ] © 40— —

- ] 4
a 5— —] N ]
- ] 20F =
[ ot Lnn oo oo | ] -
26/03 31/05 06/08 11/10 1712 00 5 10 15 20 25 30 135 40 45 50

Day in 2012 Mean Number of Interactions per Crossing



Spin analysis
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BDT trained for 0* and 2* hypothesis using 4-input variables:

< My, APy, my, Pr (1) Ty £ 7 ———
> Use OUtpUt to teSt O+ VS 2+ 'Té é's;naww"aeu awevsojer THOTB = Background pv+pvey + 0 jet _é
So025 Spin 0* E

- . Y Spin 2* E

« Data compatible with 0+ hypothesis "¢
. . . 0.1F 0.1 =

« 2+ (graviton-like) scenario excluded at: |, 0.0 E
99%CL if qq production / 95% if gg 80604020 02040808 1 T 080604020 03040508 1

Background substracted BDT output

140II|III|III|III|III| T 140 T Trr T[T rrr[rrrrrr[rri1

o . S 7
7/; 120_ ATLAS Pre“m”‘]ary —+— Bkg. subtracted Data = % 120_ ATLAS Pre“m'nary —+— Bkg. subtracted Data
g 100- \s = 8TerLdt 20.7 b’ |:| H 0" [125] _: *GE) 100:_ \s = 8TeVILdt 20.7 b |:| H o' [125] _:
i 805 H-WW' evpviuvev + 0 jets . o - HoWW' Sevuv/uvey + 0 jets 3
- E 80 =

— =+ = 7 - + - il

so- 0% hypothesis : so 2% hypothesis E

40F E a0f- H> =

.202—| +++ # | E 20F + + =

Oj T + ] O+ f + .

20 + E -20L + =
_40_ |||||| | vl b b by by 07 40: IIIII . ]

-1 08 -0.6 04 02 0O 02 04 06 08 1 403 08 06 04 02 0 02 04 06 08 1

BDT,

http://cds.cern.ch/record/1527127/files/ATLAS-CONF-2013-031.pdf 80T,



