21aSD-4

LHC-ATLASZEERIZH(T5
W/ZHFEDREEERR N D
H>WW-Ivivig 2% LV -
EvT ARFDIFER

AR HERZE . Elisabetta Barberio, Pere Rados, Joel Smith
(AILRILY KEE)
{th ATLAS Collaboration

HAYEFZSMEXRES@EEKE
201359H21H



FIRSA

« 2012FEMT—4H(8TeV, 20.7 fbl) ALV =fEIT DI E
— EPS-HEP 2013 T
— CONF Note (http://cds.cern.ch/record/1562933)

* Contents
— EvT RALFDW/ZRE A& R
— WHEEHT
— ZHEEKT
— (W/Z)HEEATHER
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_ o(ZH) = 0.415 pb 20fb I CWHM~25E R, ZHHGER
o EVIRARFOWWHRE

— FRiESIEE-0.216
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(W/Z)HIBFRIE IR

 HMTFFER
* ATLASEERMDH->bbE—

KTHIEZE (ATLAS-CONF-2013-079)
— my =125 GeViZ{E TOHEFRA A

/ slet . el > . N
— SRITEHFEE—F DcombinedNEE
Q_O1O|\\ll‘\\I\‘\ll\‘II\\‘I\\\\I\\\l\\\ll\\\l

© - ATLAS Preliminary ~ VH(Wb) -

%14_1 \I\I‘Il\'l 'I 1T | T TT l T 1T ‘ T 1T | T 1T | T TT I_ 3 : :
o - ATLAS Preliminary -
© 12| VH(bb) \F=8TevJLolt=2o.3fb'1 -
g | —— Observed (CLs) 4 i
-'E 10— ... Expected (CLs) Vs=7TeV JLdt: 4.7 b —
= C B+ 16 ]
— 8- [J+2 -
© T .

X 61 E 102E E

o - 1 - —2011 Obs. —2011+2012 Obs. ]

4:_ B - --2011 Exp.  --2011+2012 Exp. i

_ ] 3] -

2r - 10 - —2012 Obs. Vs=7 TeV [Ldt=4.7 o'

01 Lo by ol by |= o b b b ] L --2012 EXp s=8 TeV J-Ldt =20.3 fb-1 ]

110 115 120{;'_2§‘|130 135 140 145 150 10—4|H||\H|\\H|\\||H\|HM|\H|H\||H\|\
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AR=\/772+¢2

FETDA—=/00—

« LI UBESHIT Evd RRPFH5
— A=—D73E T lep0
— lepOIZ3ELY(AR): lepl
— RYH0 :lep2

WHLF Do
« ARVLATIY
— OSSF L7 xt&#ED
» Z-enriched samples
— OSSF L7k xtzHF1=730y
» Z-depleted samples

OSSF (Oppositely Singed Same Flavor)
EREROEENELGTLI>BHLELGD

WS DS DIEE lep2
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= Rl

.IIIn

- BRER
— 3KRDELT :W(Z/y*), 22* VWV
— TxAHOLTREEL  WW, Z+jets, top, bb, cc, W+jets

. EHER ggF, VBFfEHT L B4R (3 Floose) lmL TR iE A
— 3RDT7AIL— |~|/7°|~/(pT > 15 GeV)
« —KRULEIUTILTRUR)H—@iE (pEEfE21(25) GeV for u(e) )
. B =41 : .
. # ol—jIeOt)sTEt > 25 GeV) <2 fm’;fiﬁd’ < f/E’fTis'f o &;)X'i’e“
: # of b-jets = 0 Py
:[ missT,ReljJ‘yI\ }< o Mg = B

* > 40 GeV (Z-enriched samples)
* > 25 GeV (Z-depleted samples)
: Z mass veto (£0SSFL TR TIM, - M, | > 25 GeV)
BRI Dmass > 12 GeV
: AR(lepO, lep1) < 2.0
— ggF, VBFfEHT&EDoverlapZx R E

21/09/2012 HAMBZEMERE@FEHKE 7



HINEHD 7

Lo Do, 53
BLTrUERE)

400
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140

> 800F .
G} - ATLAS Preliminary * Data ZZ Total bkg.
© 700k (s=8Tev,[Lat=2071" [ vwv [l] v
% 6003— 3-lepton (Z-enriched) [ Fakes = VH [125 GeV,x20]
[0) -
o -
5001 .
- - sub-leading p;
4001
300F
200
100F-
e
80 100 120
pe® [GeV]
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>

8 700 ATLAS Preliminary
o

< 600 ,

,g 3-lepton (Z-enriched)

2 500

m

20 40 60 80

o Data %% Total bkg.
s=8Tev,[Lat=2071" [ vwv [l w
[[] Fakes = VH [125 GeV, x20]

leading p;
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pe=d [GeV]
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Events / 10 GeV

800

Illlll{llllllllll
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-

o %
ATLAS Preliminary * Data Z= Total bkg.
s=8TeV,[Lat=207%" [ vwv [} w

3-lepton (Z-enriched) [[] Fakes — VH [125 GeV,x20]

third-leading p;
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piid [GeV]
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Events /10 GeV

NYEEHED 7

EmissTlRelﬁj\ﬁ (EmissT,RteJ‘y I‘_ﬁhﬁ)

Z-depleted

>
10°c ATLAS Preliminary * Data 7= Total bkg. 3 - ATLAS Preliminary * Data % Total bkg.
\ s=8TeV,[Lat=2071" [ vwv [l w 9 10°: is=sTev,[Lat=207m" [ vwv [l w
10 3-lepton (z.e,l;cned) [] Fakes = VH [125 GeV, x20] E C 3.lepton :Z_dep,e,ed) [] Fakes == VH [125 GeV, x20]
C —
103 g 10 rerrrrererrereeeee: L F 0 0 F N 9
. w % 1
12 Z-enriched = excess
10 1 cccccciciced
1
10"
10"
0O 20 40 60 80 100 120 140 0 20 40 60 80 100 120
ETra [GeV] ET' [GeV]

* Z-depleted, =L EMss, o R Cexcess
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Events

NYEEHED 7

AR, 53 % (AR, 71V AT

Z-enriched Z-depleted
[2)
ATLAS Preliminary * Data % Total bkg. § 102 ATLAS Preliminary ~ * Data %= Total bkg.
is=8TeV,[Ldt=207f" [] vwv [l w L is=8TeV,[Lat=207f" [] vwv ] w

10?

BT T TTTTI

3-lepton (Z-depleted) [ Fakes T VH 1125 Gev.x20]

------------~

3-lepton (Z-enriched) I:I Fakes T VH[125 GeV,x20]

oy
T T TTTTT

. i
i

\ 4_g_excess
10!

1 L | | | I

0 0.5 1 1.5

 Z-depleted. signal-like’7@ AR, fE1Z [Zexcess
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BEEERDHRRIE

«  MCHETEZControl regionMDIEEFR TIRIZIL (W(Z/v*), top, Z+jets, ZZ")
e 4 DMcontrol regionZEEEZ=L TRIFFIZT vk

ATLAS Preliminary vvv B wz”

s=8TeV,[Ldt=207fb Ozz" [ z+ets
[Jtop
W o Data MC Data/MC
WZzZ* CR 439 438 +24 1.00 + 0.07
22" oR ZZ* CR 244 210+40 1.15+0.23
Z4jets OR Z+jets CR 828 860 +40 0.96 +0.06
Top CR 6 62=+1.1 1.0+04

top CR I

|IIII|IIII|III|1|II|IIII|III|I|I|IIII|
O 30 40 50 60 70 80 90 100

background composition (%)

ZCRTD/IN\YIT SO RHER

ZCRTHDT—4/MCLLE (FR1&1E#%)

IIIIl\\II
0O 10 2
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i

R

)\dgl_z

< )L5EE

1l

W(z/v*),vwW K EELHFE

Z-enri. 24 1.42+0.06 25.7+4.1 2.1940.13 16.0+0.57 4.05%3.97 2.49+0.28 0.65%0.24
Z-dep. 9 0.76+0.04 2.71+0.43 1.45+x0.09 0.57+0.08 O 0.10+0.03 0.58+0.35

_ * ToO—[IMETEBIESRHED RMEREDH
Z-depleted{E B fHIZ [ Zexcess
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o HIERAE
— JetB8{%& (energy scale, resolution, b-tagging efficiency)
— leptonfE{% (energy scale, resolution, efficiency)
— Emiss BR{% (Jet, leptonD A TE M ZBHK. pile-up effect)
— Luminosity (3.6 %)
= OAIERABEDRMFIRE (umillsh) DFEEDH

VH Vvv | W(Z/y*) Z+jets ZZ( Top | Total BG
Z-enriched 33% 4.1 % 3.4 % 4.0 % 10 % 11 % 3.8%
Z-depleted 3.5% 3.2% 6.1 % 0 % 12 % 36 % 7.4 %
- EHEREE
- VULV EROMEEBEREMS

 Renormalization & factorization scale <3 % [arXiv:1307.1347]

* PDF, o IRTEM <5%

- WHIFDRBAEM (WH)<3% [arXiv:1203.2165]

— PDFHEHEMacceptance A EM:<10% (CREAWVGEWVEEEZEZRDH)
— VWV k-factor:50 %A~ %€ 1%

— EEEBZRORET vk WZ (4 %), Z+jets (100 %), top (60 %), ZZ™) (14 %)
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=/ ATEE L R{E (WH)

« 95 %{EFEE TDo/o,,N LIRE
* CLs using test statistics: profile likelihood ¢, = -21n(L(u.8,)/ L. 8))
o 20114 #EHT (http://cdsweb.cern.ch/record/1460390) ¥,combined

107 - —
b?n - ATLAS Preliminary VH-sVWW-s 3 leptons
B u — Obs. -1
© | e Exp. Vs =7 TeV:[Ldt=4.7 b
SN —— /s = 8 TeV:/Ldt = 20.7 b
:E [ ]+2c
j 10 :
3 * Expected: 5.2 @ m,, = 125 GeV
fg  excesslF20LAA

I

h--

—

III|IIII|]III|IIIIIIIII|IIII|I1II|

[
130 140 150 160 170 180 190 200
m, [GeV]
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ZH->ZWW-S HIvIvER AT

ERER ZMNFIEZLET
ARKDTAIL—RLToZERL, TEROERER

Signal Selections

Cut

EMS cut EMSs > 30 GeV

p% cuts highest pr lepton: pr > 25 GeV
second highest pt lepton: pt > 20 GeV

third highest pt lepton: pt > 15 GeV

fourth highest pr lepton: pr > 10 GeV

Jet multiplicity Niet < 1

b-veto Np_tae =0

Mass cuts lme,e; —mz| < 10 GeV

10 GeV < myy,, < 65 GeV

Angular cut

AP <25

Channel separation

2SFOS

ISFOS

Prac cut

Ptac > 30 GeV

mye cut

My > 130 GeV

Overlap removal [6]

remove overlap with H — WW analysis

* Ao, P00t EV T RERLERTOEYT AMSDL TR Dopening angle
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ZH-SZWW- ivivis B

‘ H Vvv Fakes ‘ Total Bkg. ‘ VH(125) ‘ Data ‘
4 lqptons 164+6 1.89+0.08 8.8+5.8 17510 0.89+0.04 | 182
EIr“‘SS and pr 41.8+1.6 1.65+0.07 7.8+5.3 51.3£5.6 0.71+0.03 55
Jet multiplicity and b-veto 30.8+1.1 1.30+0.06 0.31+0.11 32.5+1.2 0.52+0.02 35
Mass cuts 2.97+0.15 0.22+0.02 0.05+0.03 3.24+0.16 0.41+0.02 2
Angular cut 1.88+0.12 0.20+0.02 0.04+0.02 2.12+0.12 0.39+0.02 2
1 SFOS pair 0.24+0.04 0.08+0.01 0.00+0.01 0.33+0.05 0.19+0.01 2
Overlap removal 0.23+0.04 0.08+0.01 0.00+0.01 0.32+0.05 0.18+0.01 2
2 SFOS pairs 1.64+0.11 0.12+0.01 0.04+0.02 1.79+0.11 0.20+0.01 0
4¢ system cuts 0.72+0.07 0.11+0.01 0.04+0.02 0.86+0.08 0.18+0.01 0
Overlap removal 0.70+0.07 0.10+£0.01 0.04+0.02 0.84+0.08 0.17+0.01 0
p= —

< ATLAS Preliminary VH—-VWW-— 4 leptons

B 102 — — Obs.

- F ---- Exp. /s = 8 TeV:/Ldt = 20.7 fb"

o -J_r10

'E 1] +26

=5 1

] ]

O i

32 * 9.6 @m,=125GeV

0 10—

o L 1 o@excess

- I
- 1
- 1
I
B r
1
LJJLIlLlJLllLIlLJJLIlLIJLliLIlLJJLIlLIJLJJLIll
Y40 1200 130 140 150 160 170 180 190 _ 200

m, [GeV]
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-y ATETE EBRIE : (W/2)H

o WHSIWW-S v (25 fbl), ZHSWW-lvlv (20.7 fbl)

102 — ATLAS Preliminary VH—-VWW- 3 or 4 leptons
- — Obs. P
- = Vs =7 TeV:Ldt=4.7 b
- I +1o /s = 8 TeV:/Ldt = 20.7 b
[ 1+20
10

95% CL Limit on o/og,,

—

== T T TTTTI

e 200)excess

I
I
I
......... e T e 3.6 @ my, = 125 GeV
E
1

| | |
120 130 140 150 160 170 180 190 200
m, [GeV]

—
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&8

o ATLASHRHZRZF RN (W/2)H> WWS IVIVIRFR
— WH->WW-Ivlv (25 fbt), ZH>WW-Iviv (20.7 fb1)
— 95 % Wi 5 LFR{E: 3.2 expected (@ m,, = 125 GeV)
— T—AMDexcessHELNT=H20LLTF

Qll

« IHYERunl paperZ#fih
— AEBFTOB&EIL. TYITT—MNESLEHETE)
— HLWTFYoRILERIRELRYMA S
e WH->(SS) lvlv + jets
* WH->(0S) Ivlv + 2 jets
o ZH-lllv + 2jets
— SRIIMMDW/ZHF v R ILEDcombinedtb, EE
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WH

—tl
M, 73 %1 (M, 73°Y i)
g “F 3 200" /
(O] - ATLAS Preliminary * Data % Total bkg. 0] = ATLAS Preliminary ® Data % Total bkg.
2 200k s=8TeV,[Ldt=2077" [i] vwv [ v © 180 (s=8Tev,[Lat=207%" [ vwv [l w
P [ 3-lepton (Z-enriched) [ Fakes = VH [125 GeV, x20] o 160F 3-lepton (Z-enriched) [[] Fakes = VH [125 GeV, x20]
g - & 140F
E 100 f— :
100~ 80F i
- 60— ]
50— 40 I
- 20 :
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
m, [GeV] m [GeV]
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B == RO (Wz top)

top CR: b-tagged o Ty hEER

e B
W(Z/y*) CR; Z veto& IR Bx
Cut 1: at most one jet with pr j,, > 25 GeV
WZ® CR Cut 2: no b-tagged jets with pr > 25 GeV
defined only for Cut 3b: Ef% > 25 GeV
Z-enriched Cut 4: Z mass selection
Cut 5: Mee min > 12 GeV
Cut 6: ARIepO,IepI <2.0
> B . p
& 160 ATLAS Prellmlnary_1 e Data %% Total bkg.
o - E:sTev,ijt=2o.7fb B @w
> 140 srtepton (W2 CR) [ Fakes = VH [125 GeV, x20]
s 120
> C
W 100
80—
60—
40—
20
R S I A x
P + l—
©
§1++9+*++‘*‘"|
O —
0 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 | 1
20 40 60 80 100 120
| [GeV]

21/09/2012

defined only for

Top CR

Z-enriched

Cut 1: at least 1 jet with p > 25 GeV
Cut 2 : at least | b-tagged jet with pr > 25 GeV
Cut 3a: Ef' > 40 GeV
Cut 4: Z mass veto
Cut 5: mygin > 12 GeV

Cut 6: ARIepO,[gp] <2.0

Events

Data / MC

10

ATLAS Preliminary

1
fs=8TeV,[Ldt=20.7 b B @w
3-lepton (Top CR)

| §\ T
N N

N

e e

N

® Data % Total bkg.

[[] Fakes = VH [125 GeV,x20]

oo e e e b e e

m,
EAMESANERR OBAKE

2 3 4 5 6 7

Njets
22




ZZ" CR; E™ss, o v hE R ER

He &=

thnl

B ==RDRIBIE (227, Z+jets)

Z+jets CR: Z veto, EMss, . & IR B

Cut 1: at most one jet with pr jor > 25 GeV
Cut 2: no b-tagged jets with pp > 25 GeV

Cut 3a: E%“rfl < 40 GeV
Cut 4: Z mass selection
Cut 5: mggin > 12 GeV
Cut 6: ARlepO,lepl <20

Cut 1: at most one jet with pr j,, > 25 GeV
Z7Z™ CR Cut 2: no b-tagged jets with pp > 25 GeV Z+jets CR
defined only for Cut 3a : E' < 40 GeV defined only for
Z-enriched Cut 5: me pin > 12 GeV Z-enriched
Cut 6: AR/ep()’/ep] <2.0
|M[[[ — Mz| < 15 GeV
> il .. P > _
8 200: ATLAS Preliminary e Data %= Total bkg. 8 -
= 180 1s=8 TeV, IZ(I:)dt =20.7 fo’! B @w S o501
~  160f- 3lepton (ZZ7CR) [ Fakes = VH [125 GeV, x20] > -
G 140 & 200F
> - D N
W 120 - -
100/ 150|-
80 -
= 100—
60— -
40 50k
20
T - g o
S ABgrhp—————————— e — S 15
e RS IEJRPUE YR l g ’
© 1 ¢+ ! | © 1 ¢
a ot ARTICLLT R SNTLI e )
0.5 e o 2. | ] 0.5
0 | I | | | I | | | | | I | | | I | l | | | | | | | |+I 0 1 | 1

ATLAS Preliminary

e Data 4= Total bkg.

{s=8TeV,[ Ldt=20.7 fb" Bw @ w
3-lepton (Z+jets CR)

D Fakes === VH[125 GeV, x20]

0 50

21/09/2012

100

150 200 250 300 350 400

my, [GeV]
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1 I 1
100

120

m, [GeV]
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Events

ZH

4 > B ..
10 = ATLAS Preliminary « pata %% Total Bkg. 8 10° __ATLAS Preliminary « pata %% Total Bkg.
JF 5=8TeV.[Lat=207" R [l 22 0 = (s=8TeV,[Ldt=2071" P vw [ zz
10 ?4-Iept0n D Fakes === ZH [125 GeV,x20] C\é) 102 " 4-lepton D Fakes === ZH [125 GeV,x20]
L g_) E
3 -
10 &b
1 |
”‘”"//II////
10"
-2
1010 20 30 40 50 60 70 80 90 100
N EF™ (GeV]
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Events/ 10 GeV

Events / 0.1575

21/09/2012

ATLAS Preliminary  « pata %% Total Bkg.

108 ;_\E=8Tev,j Ldt=2071" W vw [l zz

= 4-lepton [] Fakes == ZH [125 GeV,x20]
10°
10

T

10
10°0"20 40 60 80 100 120 140 160 180 200
m, [GeV]
(a)
103_ ATLAS Preliminary « pata %% Total Bkg.

s=8TeV.[Ldt=2070" [ wv [ zz

4-lepton D Fakes === ZH [125 GeV,x20]

T ||||III| T |||I|II}

10

-2
10% 05 1 15 2 25 3

boost
Aoy

Events / 10 GeV

Events /5 GeV %

10* EATLAS Preliminary  « pata %% Total Bkg.

F fs=8TeV,[Ldt=2071" R vw [l zz

3
10 [[] Fakes = ZH [125 GeV,x20]

4-lepton

10?

10¢

110 120
m, [GeV]

(b)

ATLAS Preliminary « pata %% Total Bkg.

s=8TeV,[Ldt=207" [ vw [ zz
[ Fakes == ZH [125 GeV,x20]

10°

4-lepton

10?

10

10’ -I /// W

102

0 20 40 60 80 100 120 140 160 180 200

[GeV]

T4/
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Selection

2 SFOS pairs of isolated leptons *
highest pt lepton: pr > 25 GeV ZH(ZZ( ))

second highest pr lepton: pr > 20 GeV

third highest pr lepton: pp > 15 GeV
fourth highest pr lepton: pt > 10 GeV
727 CR at most one jet with ppje > 25 GeV
no b—tagged jets with pp > 25 GeV
Ime,e, — mz| < 10 GeV
meye, > 65 GeV
overlap removal with dilepton analysis

> 3| e ) o 10*
& 10" ATLAS Preliminary o pata %% Total Bkg. = ATLAS Preliminary + pata 4 Total Bkg.
©w - (5=8TeV,[Ldt=207%" W v [l 2z D el F-8Tev[La-2070" Evw [l zz
£ 10° ¢ 4-lepton (ZZ CR) [ Fakes == ZH [125 GeV,x20] 4-lepton (ZZ CR) [[] Fakes == ZH [125 GeV,x20]
o =
b -
10
1
10"
10-2 10'2 |||||||||....|.,..
0O 10 20 30 40 50 60 70 80 90 100 0 1 2
E_rrniss [GeV] Njets
| | Z(H - WW) | Data MC  Data/MC | 7z Top VvV wZzZ* Z+jets |

| ZZCR || 0.03+0.00 | 100 100.00+3.19 1.00+0.10 | 99.42+3.19 0.03+0.02 055+0.03 0.00+0.01 0.00+0.01 |
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o(pp — H+X) [pb]

WH->WWW

10?

10

10"

102

21/09/2012

T T T T T E % t 1 — T T T bE I T T T T I\NVIV T T T T _: §
Vs=8Tev 18 & F Bk
1e © %
s [ it
e 3

] + 10-1 1T —

oc — zz =

1 m — .

— 2 M. 7]

1 9 i i

- - 7

110 E

’ Yy Zy -

1 10'3 1 1 1 1 I 1 1 1 1 1 I 1

1000 100 120 140 160 180 200

M, [GeV] My [GeV]
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[arXiv: 1201.3084]
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