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A Higgs Boson (not Higgs-"like”

New results indicate that particle discovered at CERN is

At the Moriond Conference today, the ATLAS and CMS
collaborations at CERN’s Large Hadron Collider (LHC) presented
preliminary new results that further elucidate the particle
discovered last year.

Having analysed two and a half times more data than was
available for the discovery announcement in July, they find that

’

the particle linked to the mechanism that gives mass to
elementary particles...
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s Production and Decay

associated prod. with it

gluon fusion vector boson fusion (VBF)  associated prod. with W/Z oo 1
TOOBO0000 o __q q wz 5" OO00COC_ ¢
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i H IS & 5

« IR DEEHTIKN(ATLAS)
C 7TeV(47-4.9M7) 8TeV(2L0fY)

H->vyy 4.9fb 21fb? :
H>2zz->4l 4.8fb 21fb? #= LHC Run | Full data!!
HOWWlvlv | 4,770 21fb! _: < -
HCPETDT—
H 4.7fb " 13.0fb ™ I -
= : - b=Full datal£L&PIZFI+ THIE
H->bb 4.7fb 13.0fb 1 pyF52—pih
H>Zzgam | 4.9 21fb :
H2>up - 21fb1 ;. LtEEB9FTLL \Decay
* mode, production mode
ttH->bb 4.7fb - ’
| £@FLIEO TS
H->invisible | 4.7fh " 13.0fb™! i

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG
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mber: 24947130

VBF H->yy Candidate
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H-2>vy

= RER

— di-photon trigger (99% efficiency w.r.t. offline photons)

— E(v1) > 40 GeV, E(v2) >30 GeV (|n,| <2.37)

— Photon ID based on shower shape (NN particle ID in 7 TeV)

e 53 U—ﬁj\H’(9+2+3) ATLAS Preliminary
H— vy : :
Iepton Catego ry(VH) di-photon selection
— Require 1 lepton or 60 < M;; < 110 GeV One-lepton
— High MET significance W= MH. 2= IH
VBF Category(VBF) T B significance
— 2 2 jets high M;; with MVA analysis e
— High BDT score, low BDT score Low-mass two-jet

W(— ihH, Z(— jhH

Other 9 categories(ggF) _

i.  conversion or unconversion VBF enriched | | 9Tmass tworjet <
VBF

ii. Photonn _ I

||| th (>60 or <6O GEV) ggF enriched — 7 th-T’l-ConverSion

agF

TR RRLHCAYE]L
2013/05/24 ﬁlﬁﬁb—_)ig@%*ﬂ?qw*:—r



H-2>vy

* m,, mass distribution (inclusive)
— 23788 events (7 TeV) 118893 (8 TeV)

% 10000 — — LA L B ) L L T T 1 LI B B I B A
C Selected di hoton sam Ie N :

O o P i _ Loy : I | — Total ]

N g e  Data 201142012 ] Moy - .

; n Sig+Bkg Fit (mH=126.8 GeV) _ r : — Stat .

T O ey mmmmeeee Bkg (4th order polynomial) 7 - ; ’ -

$  eo00— ATLAS Preliminary —] — Syst.

H - e Hoy 1w [ HF——t+H .y 3

4000— | E E —YY E
C Vs=7TeV, _[Ldt =481 _ F : ILdt =48fb' \s=7TeV 1
2000 — — r : " I I I ]

- \e=8TeV J Lk =207 fo° 1 Hagren [ 5 [Ldt=20.7b™, is = 8 TeV ]

o 500 == ’ 5 5 —: v et oo -

= 400 E- E ATLAS Preliminary ]

L5 300 = n C e 2011-2012 3

= 200 - = : m, = 126.8 GeV

i_l__ 100 z'_ + + l + ‘ + _; | L SIIIVII L | 1 Il I | 1 Il 1 | | 1 1 ll-‘| I | Il | 1 | | 1 1 -

B of 1 - s ; 0 1 2 3 4 5 6

F= + + Signal strength

Q) -200 1 1 1

Lﬁ 100 110 120 130 140 150

Local p, (B RBRDSLDETT —

TEHEER) @ 126.5 GeV

Exclusive analysis

7.40(Observed), 4.10(Expected)

2013/05/24

16u
m,, [GeV]

— AR |

Signal strength (SM : u=1)

Mgiobal : 165034 30 (SMMV52.30D X L)
*  Mggrsuy” B/Bgy i 1.620.3(stat.)*3  ,(sys)

Wer¥B/Bgy, : 1.710.8(stat.) 0>, 4(sys)
*  Myy*B/Bgy,: 1.871>  (stat.)+0.3(sys)
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Date: 2012 ILI . 08:31:00 CET

H%ZZ(*)94I

btf 09109
r: 76170653
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VBF 2e2u
Candidate
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H->72")>4]
* Golden-channel

— RIRBEIZAL TR (de,4p,2e20) & T (Good S/B = ~0.6-1.7)

— Narrow signal mass peak (Am,, ~1.6-2.4 GeV @ m_,=125 GeV)

R RER

— 4 isolated lepton (p; > 20 GeV, 15 GeV, 10 GeV, 7(e) or 6(u) GeV)

— 2 same-flavor and opposite-sign lepton pairs
50 <m,, <106 GeV, m_._<m,, <115 GeV (m_ [&m,IZ&FL THR#E1L
e.g. m_..=12 GeV at m,=125 GeV)

— selection efficiency (m,=125 GeV) : 39% for 4, 26% for 2e2u/2u2e, 19%
for 4e

— Categorization : An;>3.0, M;>350 (VBF category)
Additional 1 lepton with p; > 8 GeV (VH category)

Aol

. HRER
— continuum ZZ (MCH 5 EE4)
— Z+jets, ttbar (MC&dataZz AL N TEFA)

FIRIESBLHCAYIYFRTS R
2013/05/24 r— LD & i R oy sEes



H2>2Z")>4]

m, 730 (7TeV+8TeV) 5

— 125GeVHiEICT—2 DA% ¢
58 :

- BWE=EEIESM 2zZERE
RERLN—H

— Local p, at 124.3 GeV
7+8 TeV : 6.60 (exp. 4.40)

sighal stren

gth

u=1.7+%5  ,@124.3 GeV

12

60~ e Data

40

30

~ [ Background zz"

50— [l Background Z+jets, tt
|:| Signal (mH=125 GeV)

7%, Syst.Unc.

P
I's=7TeV: ILdt;fs fb™!
Is =8 Tgv»det 20.7 fb

.l '
\.__140

ATLAS Preliminary
H—zZz" -4l

<

v d

Q2

2o
2oy

250
m,, [GeV]

120<m,<130 GeV Signal (125 GeV) 2z Z+jets,tt  Signal+Bkg Observed
4 6.310.8 2.8+0.1  0.55%0.15  9.6%1.0 13
2u2e 3.0£0.4 1.4+0.1 | 1.56+0.33 | 6.0£0.8 5
2e2u 4.0£0.5 2.1+0.1  1.55+0.17 | 6.6+0.8 8
de 2.610.4 1.2+0.1 | 1.11+0.28 | 4.9+0.8 6
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H>WWU) =2 |viv

\ EXPERIMENT 17 Nov 2012 ©7:42:05 CET

VBF Candidate (ep+MET+ forward jets)
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H>WW)=>|viv

» 2 leptons+high MET+jets(ggF for 0/1j, VBF for 2j)
- BIRBEIZ2DODZa— M)/ ZE0 OB EFERNEE

Am(yy, ZZ->4l) ~1-2 GeV, Am(WW)~20GeV
> EEERLRAMNDOE(IZ L ‘

- TNENONTT—TRELGEZER cech |olo) o
{1oTLV3 up-ch o | o o
IHEEES ey,pue-ch o o) o)

WW, W+jets, Z+jets, top, non-WW diboson
e R e e O
e Z+jets rejection, top rejection (1,2jets), WW rejection <€--> spino €-=>

_JlIllllllllllllllll[llllllllllll[_

C imi 4-Data %% SM(sys@stat) ]

- ATLAS Preliminary &\ Swazw, 3

 {5=8TeV, | Ldt=207 10" Erzx Er@em -
. sets [ Weiets

o Howw"” —evuv/uvey + 0 jets I H (125 GeV]

- 7

'/I

IIIIIII |I III]II]IIII

ATLAS Prellmlnary 4 Do 4 i o)

B ww [ WZiZzwy
(s=8TeV,| Ldt=2076" i [ SndeTop
[ Z+jets [] W+jets
I H 125 GaV]

_III|IIIIIII|IIIIlllllllllllI|l|ll|l||l|ll|||lll|_

B HE -4-Data %% SM(sys@stat) 7]

250_— ATLAS Preliminary g mwezw,
C {s=8TeV,|Ldt=207f6" s [ SingeTop

[ Z+jets [] W+jets 4

200— H-WW —>evuv/uvev+>i] Wot [Jwiehixsn) ]

5 B
8 8

H—M“NN—)evuv/uvev +0jets

Events / 5 GeV
=
S

Events/ 10 GeV
Events / 83 GeV

800f

/
72

D
l8l T

=
‘(8l T

n
S

Ojets eué

100 200 300 400 500 600 700 800 900 100(
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Events / 10 GeV

Events /10 GeV
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— | T T T T I T T T T T
- ATLAS Preliminary * P % SM (sys © stat)

ll miss \2 11 miss \ 2
300 M ww B wzzzwy =\/E + FE - (P, +E
\s=8TeV,| Ldt=20.7fb" [J+ [ Single Top My ( r r ) ( T T )
) ) B Z+jets [] WH+ets
250~ H->WW —>eva/_uvev + 0 jets B H [125 GeV]

 m BTt SRREREHE

200

« (EETRETEEAEA

IIII|IIII|IIII|IIII|IIII|IIII|IIII

sof Ojet epn(8TeV)
100 Njet(ee+pp+epn) Nobs Nbkg  Nsig
503— Ojet 831 739139 | 97120
0 Lece] . ljet 309 261+28 | 40+13
50 10 5 200 250 300
m- [GeV] >=2jets 55 3614 10.6x1.4
A0 Dl Dain 2% SM (sys sta) 9
- ATLAS Preliminary X Dxa — sV@esse) 1 > LIS
120F (s =8 TeV, | Ldt = 20.7 b S sneTr - SEE ATLAS Preliminary 3
- 0 B Zejets [ Waets 1 & - 2jet e (8TeV) s-smev,fLat=207f6" 3
n H—-WW —>evuv/uvev +1 jet B H[125Gev] | -~ V= * =
1001 ) 1 @ - H->WW" —evuviuvev += 2 3
- 1 & 6F i =
80 ] Lﬁ - 1 —4- Data 4% SM(sys @ stat)
— . — - WZ/Z2Z/W ]
B 1]Et eu(STEV) ] 55 : 5 :I:W % SingIeToL 4
60 — ] 4F i [ Z+jets [] W+jets —
- . = B goF [ ver 3
40F - 3 E
20F - a3 3
g , . 1E E
0 50 100 150 200 250 300 O ——" : = - W
50 100 150 200 250 300
my; [GeV] m; [GeV]



Events / 10 GeV

H%WW%IVIV

200 T T T ™
- ATLAS Preliminary —+— Bkg. subtracted Data -
5ol \s=7TeV, [ Ldt=46f" [ ] Hizscev B
- \s=8TeV,] Ldt = 20.7 fb" ]
~ HoWW Siviv + 0/1 jets Ny
1001~ . -
- + O+1jet ]
50 (7,8TeV) -
OF -
_llIIIIIIIIIII||IIlllllll_+_llllllllllllllll:
60 80 100 120 140 160 180 200 220 240 260
my [GeV]
= r LN B BLULELEL B
= 7:_ ATLAS Prellmlnary \s =7 TeV:/Ldt = 4.6 fb'
§’ - HoWW! S iviv \s = 8 TeV:[Ldt = 20.7 &
2 BF — pestfit
2 mm-2m<1
@ 5 __ Exp.bestfit m_ =125 GeV
- H
.(%’ 4: — =2 InA(u) <1
N\ u=1.01+0.31 @ 125 GeV
38\ 5
IO, SMEFEFE E
N S ]
o D .
— \ —
L —
| L | | |

1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 -
115 120 125 130 135 140 145 150
2013/05/24 my [GeV]

T—ANOEREREZELSI
L\fem, 53 %0

* Local p, @ 125 GeV
Observed : 3.80
Expected 3 70

16

Oc
1o
20

36

10° g~ | T | | L L B
102 ATLAS Prellmlnary Vs = 7 TeV:[Ldt = 46fb‘
HoWW ' Ssiviv 's = 8 TeV:JLdt = 20.7 fb
10 g — Obs. B +1o =
1 -- Egp. m_=125GeV [ ]+20 3
== I i 'I """"""""""""""
M 00
10 1
10-’3’ """"""""""""""""
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10'6 Allllllllllllllllllllllll
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H—=>bb, H=>tt(CMS)

 H=>bb, H2oTb R A IO TS, 6 &

VH%bb comblne (Welghted)

[1/GeV]

1

S/B Weighted dN/dm

H->tt combine (Weighted)

CMS Preliminary, {s = 7-8 TeV, L 24.3 fb™

= L] | L] L] I L} L] L] ;;:%:: HUZSG ” L]
L. eu, eth, uTh, Thth 40 =@ Data - Background N
1 000 - w Bkg. Uncertainty
[ e
800 i~
: 1(;0 15I0 _-
600 i o -— \ m. [GeV]
: l \ = H(125 GeV)—- 11 :
= + observed _
400 - ! I— A .
[ L | =+ :
L B clectroweak -
3
200 -  m— e lels) -
0 ) 1 4
0 100 200 300
m,. [GeV]

IR MER/LHCA IV IRT SR

-
500 —_ CMS Prellmmary‘ é Vi125 Gev) 7

_ 1s=T7TeV,L=5.0fb -vv ]

- {s= 8TeV,L=19.0fb" =1 24u88cq ]

_ pp— VH;H—bb = W:uggcg 7]

400 — 5 gingle top -

N —— VH (125 GeV) |

B ”~ = R x|¥: uncert. (stat.) 1
300\ .
200 — ]
100 -
- ——

o 2F %=0HTK =09 " |MC uncert. (stat.) =
% 1.5F E

Qo5

0 50 100 150 200 250

Mbs [GeV]

= 7] >
EREDEHTIEIMVAT, - -
2013/05/24
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R I = U R R aa Il'8
5 T T -% ATLAS Preliminary fq=0% = 7 H
e P _ o+ T = e =
S . Expeciej‘ jp_; M $ 016 \s_sev, | Ldt-=2071" —HO [125] | = ATLAS Preliminary ]
S 4 wre- Expected, J' = T o ‘ —H2'[125] | > 6 E
g 32 —e— Observed g 0.14[ H>WW"'> evuv/uvev + 0 jets N [ ] e '-c,,r b Fa i ' lv VBF ]
£ 6 o S CMS Prellmlnary o Daa 46fb1 s
o =z 0 12 > 10° - Is= 7TeV,L=501fb" -[ | B
4 . 8 = is= 8Tev, L=19.01b" B v+ o2scen Vs =8TeV: JLdt=20.7 fb" ]
2; —T—T |y'-v§.= 7:8 Te\é, :;Tz?e:f\f/l)""}:_:‘[‘f S .Background —— best fit _:
e - e | eV)-1t .
F MG uncert. (stat) E-2Inip) <1 7
o g Spserved e uncent. (st — Exp. best fit m, =125GeV ]
_2;7 E :z{lec\roweak — 2InA(u) <1 E
-4 }:07:1’-2/‘5 Preliminary ] bk%l.)uncenainty =
O (lat-207mb" vs=8Tes  F ki1 ¢ NN L B TS s e 3
P = A R ‘ .
0 20 40 I I Bl e :
120 125 130 135 140 145[G 1/?0
my e
IR 1 g | S PPN AUIDNIIS=Y = . on. Sien s
§1 0 :l T 1T ‘ LI ‘ LU ‘ T 8
10 lag(t¢ f
B : ATLAS Prellmlnary % 1 - . ‘—+—+—;:f T T ! T 17T L L I L I L :
g - He 770 4l - S s 3 =5 2 s u\-;H o _? I ; H — Total E
L m, e o ]
£ \s=7 TeV:[Ldt =460~  — i : —Stat. ]
E 105 o g1ov Lot 207 0 20 i E
= 10 1s-g Tev:[Lat -20.7 10 ® e 5 —syst. ]
o Foo—— =
0 : 3
® : |Ldt=4.8fb"1s=7TeV ]
Tl i Ny _—..- v i He—H =
E g 6T T T g 1] ggH+tH : Ldt=20.7fb™, Vs =8 TeV 1
c >B000F [T T T \gw [ ATLAS Preliminary \s=7TeV,J.Ld1=4-7fb" S rJ‘ _________________________________ =
- reliminal r A . . -
3 (s=7TeV, L= Zﬂb (Mva) —— S+BFit -5 5 —.—g:::;\{::((gll::)) \s=sTev,J-Ld1=13.ofb"_: ATLAS Preliminary 3
L 1000k ™" 8TeV, L= 19.6 16" (MVA) l'":'"]f:‘i““’““""e"'; E 4: —— VH(BE), combined E o nn11 Anin ]
p 3 20 S E [C+2s E % 8 L B ) B |. T 1 L
107 2 S 4 E ) H - 1t ATLAS Preliminary 1
Coovv o Lo b Ly gy Iy 23000 ?".’) E E B 7 —e— Observed CLs J Ldt=4.6 fb1, \s=7TeV |
110 120 130 140 15Cg o E - Expected CL, | Ldt=13.0 ", \s =8 TeV ]
C F ] T E
CMS preliminary 1i E) = [(Jt2c 1
> [T1 T T T T ] r 1 fo'is=7TeV 3 DNERT ]
3 a0l * Data E=7TeV:L= 51f" | bl L 1 7f'ys=8Tev 1 - =
o % ;H=Z1226 Gev fs=8TeV:L=1967" 110 115 120 = 1
~ L v 4 ! ]
0 L E z+X | = .|
S L ] I PRI AR A R L . 3 ]
2 a0l ]l 20 130 140 150 3F B E ]
- E m,, (GeV) E i E -
i 1 2 i E ]
[ ] 1E kY E .
°or ] oF ; E ]
L ] 15_ ATLAS Preliminary E 1
¥ 1 “'E simulation H-vy B ]
4 ! 1 w ot L by e by b e 1 v v v by v by v by by
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u x B/Bgy
my, [GeV] ggF+ttH
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Higgs Boson || Subsequent Sub.Channels 1 9
Decay Decay AT LAS
2011 /5 =7 TeV —_—
H — 22" 4t {de, 2¢2u, 2u2e, 4, 2-jet VBF, (-tag) H-2>vy, ZZ24l, WW->Iviv
10 categories
H—yy - {p1 ® n,, ® conversion) & {2-jet VBF} efu I |_d ata
H—- Ww® tvly {ee, ey, pe, yuy} ® {0-jet, 1-jet, 2-jet VBF)
TiepTlep {eu) ® (0-jet) @ (£€) @ {1-jet, 2-jet, pr..- > 100 GeV, VH] H—=>bb Tt
H— 7t TlepThad {e,u} ® {0-jet, 1-jet, pr.r > 100 GeV, 2-jet} ’
Thad Thad {1-jet, 2-jet} -1
Z - vy ET*™ € {120 - 160, 160 — 200, > 200 GeV} ® {2-jet, 3-jet} eHCP data(13fb )
VH — Vbb W — ¢ty p¥ € {< 50,50 - 100, 100 — 150, 150 — 200, > 200 GeV}
Z- et P € (< 50,50 — 100, 100 — 150, 150 — 200, > 200 GeV)
2012 5 =8 TeV
H—ZZ® 4 [de, 2e21, 22, 41, 2-jet VBF, (-tag)) 20.7 C M S
Hoyy 14 categories . 20.7 —
- {p1t ® 17, ® conversion} & {2-jet VBF} & {¢-tag, E7"-tag, 2-jet VE} ™
H— Ww® tvey {ee, ey, pe, yy} @ {0-jet, 1-jet, 2-jet VBEF} 20.7 H évv’ ZZ%Z”’ WW% IVIV’ H ett
TiepTlep (€€} @ {1-jet, 2-jet, p1. > 100 GeV, VH} 13 _
"o TiepThad e, 1) @ [0-jet, 1-jet, pr... > 100 GeV, 2-jet) 13 =>full-data
) ThadThad {1-jet, 2-jet) 13 H-bb
Z— vy ET' € {120 — 160, 160 — 200, > 200 GeV} ® {2-jet, 3-jet} 13
VH — Vbb W — ¢ty p.‘[’!' € {< 50,50 - 100, 100 — 150, 150 — 200, > 200 GeV} 13 -1
Z— tt p%e[<50,50—100,100—150,150—200,22006eV} 13 eHCP data(lsz )
TR L i it G SR i et e et Se i By e e 1T e TRTERT et s ue s
Analyses No. of my
Prod. tag | Exclusive final states channels resolution] 7TeV  8TeV
untagged | 7y (4 diphoton classes) 4+4 1-2%
*Y VBF-tag | 7y + (jj) ver (two dijet classes for 8 TeV) 1+2 <1.5%
VH-tag | vy + (e, , MET) 3 <1.5%
Ng <2 3+3
wt -
77— 4t N 52 | derdm 22 348 1-2%
0/ 1-ets | (DForSF dileptors) x (0 or 1jets) 4 +4 20%
WW — fvfy | VBF-tag | & + (jj)yee (DF or SF dileptons for 8 TeV) 1+2 20%
WH-tag | 383v (same-sign SF and otherw ise) 2+2
0/1-jet | (e, pmy, ep, up)x (low or high py) 16 +16
et | am i 1+1 15%
VBF-tag | (emy, pwy, ey, pup, wwn) + ) ver 5+5
ZHag | (ee, M) X (Th %, €%, KTy, eH) 558
WH-tag | %up, Bep, eTxTh, KTh Tk 4+4
VH-tag v, ee, uN, ev, pv with 2 b-jets) x (low or high pr(V) orlocse b-tag) | 10 +13 10%
HH- £ with4, 50or 26jets) x (3 or >4 b-tags); 6+6
2013/05 8 | (¢ with 6 jets with 2 b-tags); (¢€ with2 or >3 b-tagged jets) 343



Higgs Boson || Subsequent | Ldt 20

Sub-Channels Ref. AT LA S

Decay Decay [fb1]

2011 5 =7 TeV

H —ZZY 4¢ {4, 2¢2u. 2u2e, 4. 2-jet VBF, £-ta 46 | [8] Hevv’ ZZ%4|’ WW%'V'V
i ‘ * 17 full-data
_H = Wy 6 | 9]
Decay mode | Expected (o) Observed (o) o H—>bb,tt
Sl e e s | SHCP data(13fb)
VH — Vb, 7 | [11]
—YY 4.1 7.4 !
H—zz"] WW 3.7 3.8 7 ®m CMS
" bb(HCP data) ~1c <1c 1T Hyy, 224, WWIviv, H T
| Tt(HCP data) | 1.7 1.1 s |y Pfull-data

TI=JoG Z=)otr 3
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“Observation of a new particle in
the search for the Standard Mod
Higgs boson with the ATLAS

mass of 125 GeV with the CMS
experiment at the LHC”
Physics Letters B716 (2012) 30-61

detector at the LHC” I D
Physics Letters B716 (2012) 1-29 g N
CMSSEER § '
“Observation of a new bosonata || _ -&

“Search for the Standard Model Higgs boson in the
H-2>WW 2Ivlv decay mode with 4.7fb! ATLAS data at Vs=7TeV”
Physics Letters B716 (2012) 62-81

S SR ~T o
2013/05/24 b L0 S 7 TR



57

Ev I ABEREDER

(@) L L LU L L L UL L
2 10 ATILASI | | ;s_7Tev 2011), JLdi =481
ol : is =8 TeV (2012), |Ldt =59 fb"
O :
o S
— 107E
1072k
-3
107 E07/11 EPS Prel.”
- — Observed
1 O 4 ---- Expected
-5 [_12/11 CERN Prel.
1 O — Observed =
1 0-6 ------ Expected “-oo]
1077 E-Spring 2012 PRD 4
8 Observed =
1 O' ------ Expected o
-9 | 07/12 CERN Prel. . . PLB 07/12
1 O — Observed —— Observed
-10F - Expected ' ', =eeee Expected
1010IIIIIIIIIIIIIIII|||||I|||IIII]IIIIIIIII
110 115 120 125 130 135 140 145 150
my, [GeV]

FIRIESBLHCAYIYFRTS R
2013/05/24 r— LD & i R oy sEes



ggF vs VBF

% LI L L L L L L L LY IO L LB LI B LI
m U= + Best fit JLdt-4.8fb e 7TV 3
@ g —— 68%CL ] E

= 95% CL [Ldt=20.7 b, is = 8 TeV §

L 55 X sMm -
j-> 45_ ....... e _f

2 1 é
= 5§ E
OFE-ATLAS Preliminary  **seeeeeeseees”” E
15_2011 -2012 E
“'E m, =126.8 GeV Hovy =
L1 11 I L1 1 1 I L1 1 1 I L1 11 I L1 11 | L1 11 I L1 1 1 | L1 11 I 11 1 1 I 1 1] l_

2-1 -0.5 0 05 1 1656 2 25 3 35 4
uggF+ttHXB/BSM

ZUL13/Ud/ 24

F—)LOERFYIEsE

58



H>yy(AT3 Y —5)

59

Inclusive
Unconv. central low p T

Unconv. central high p o
Unconv. rest low P
Unconv. rest high th

Conv. central low P,
Conv. central high P,

Conv. rest low p_,
Conwv. rest high P

Conwv. transition

Loose high-mass two-jet
Tight high-mass two-jet
Low-mass two-jet

ET"* significance
One-lepton

2013/05/24

— g9k  mVBF WH mZzH mittH
_ATLAS Preliminary (simulation) H— vy

llIllllIIlllllllIlllllllIllllIIllllllllllllllllll

O 10 20 30 40 50 60 70 80 90 100
signal composition (%)

FIRIESBLHCAYIYFRTS R
F—)LOERFYIEsE



Unconv. central
low P,
Unconv. central
high p

Tt
Unconv. rest
low P,
Unconv. rest
high p

Tt
Conv. central
low P,
Conv. central
high p

Tt
Conv. rest
low P,
Conv. rest
high p

Tt .
Conv. transition

Loose high-mass
two-jet

Tight high-mass
two-jet
Low-mass
two-jet

ET** significance

One-lepton

2012 data
combined

2013/05/24

—
—
__:
:
—
:

ATLAS Preliminary

Data 2012, \s =8 TeV

det =20.7fb"

H— vy

my = 126.8 GeV

lIIllIIllIlllIlllllllIlllIl

Signal strength

FIRIESBLHCAYIYFRTS R

F—)LOERFYIEsE

60



Events / 1 GeV

Events - Fit

Events / 1 GeV

Events - Fit

61

HOyy(ggFhTIU—)

Unconv. central, high Pr,

L] Data 2012
Background model
......... SM Higgs boson m, = 126.8 GeV (MC)
ATLAS Preliminary
+ Is=8TeV, _[Ldt =207 "

lIlIIlIIIIllIIIIlIIIIlI

|
—e
—e
— e
o]
]
—e
——
S
——
.
e
——
—e
e
—e
—e—
.Sg,||||1|rrr?'rr||||m|1ml L1l

-
oF
o
-
Wk
o
-
NS
o
-
of
(=}
o

3
o)
o

Unconv. rest, high Py

(] Data 2012
Background model
......... SM Higgs boson m, = 126.8 GeV (MC)

ATLAS Preliminary

Vs=8TeV, _[Ldt =207 b

I[IIIIIIIIIIIIIIIIII

111

- T T T T T = > — T T T
600 — H-yy Unconv. central, low p_ — 8 - Hovyy
- ) Data 2012 3 o 50 =
500— Background model — ~ -
L e SM Higgs boson m,_ = 126.8 GeV (MC) *2 20
400 ATLAS Preliminary — o
- . - L 30
300 \s=8TeV, |Ldt=20.7 fb — =
200(— = 20—
100— — 10—

: : .
60— = 15 y
40 = 1 =

= + o 10

2
S 5
>

E L 0],

=l =

C L L ! ! 1 10 :_ )

100 110 120 130 140 150mw [Ge\}fo 160 T
1800 T T I T T
H-yy Unconwv. rest, low p % - '
1600 T 0] = Hovyy
L Data 2012 ~ 250 —
1400 Background model = -
1200 & 0000 meeeeee SM Higgs boson m, = 126.8 GeV (MC) % 200 :_
ATLAS Preliminary ) -
1000 > C
4 L 150 —
800 \s=8TeV, |Ldt=20.7 fb
600 100—
400 E
50 —
200 -
— = +
iT 30E-
' 205
%)
c 10 §
@ |
N0 AP
-10E- f
20~
30
100 110

.8? 1 1 1 I I
00 110 120 130 140 150 0
m,, [Ge\}j3 E

cuiajuay e br— )L (D R IR s

120 T30 740 150 160
m,, [Ge\}f



Events / 1 GeV

Events - Fit

Events / 1 GeV

Events - Fit

T
H—yy Conwv. central, low p_

o Data 2012
Background model
......... SM Higgs boson m, = 126.8 GeV (MC)

ATLAS Preliminary

400

350

300
250
200 Vs=8TeV, ILdt =207 1"
150

100

100 Ti0 T20 130 T40 750 0
m,, [Ge\}i3
= T T T T T
1600 H-yy Conv. rest, low p_
1400 — (] Data 2012
F Background model
1200

e e SM Higgs boson m, = 126.8 GeV (MC)

1000— & ATLAS Preliminary

800 1— Is=8TeV, JLdt =207 1"
600—

400 —

200—

» O ®

o o o
IIIIIII[II TTT

———

100 110 20 130 T40 150 0 %ﬁ
m,, [Ge\}j5 l

PAVERYAVE Y P2

hFT1—

H2>vy(ggF

Events / 2 GeV

Events - Fit

Events / 2 GeV

Events - Fit

50— T T T T T

= H—)’Y’Y Conv. central, high Pr
40— o Data 2012

- Background model

C 0 e SM Higgs boson m, = 126.8 GeV (MC)
30—

20

-
o

' -
[ o o o

4
= o

240
220
200
180
160
140
120
100
80
60
40
20

20

10

0

-10

-20

62

——

ATLAS Preliminary

Vs=8TeV, JLdt =20.7f"

81|||||| runnuIy 1|||| TTT

P |

e
e

—.—
e
——

—e—

140 150myy [ Ge\}fo

H—yy Conwv. rest, high [
° Data 2012

IllllIII|III|III[III|III|

Background model
......... SM Higgs boson m, = 126.8 GeV (MC)

ATLAS Preliminary

= \s=8TeV, ILdt =20.7f"

Py TTT IIII|II||||III|I||||||||I||L|+I_|
—e—
—e
|
—d
——
——
—e
— e —
——
-
— e —

3000 110 120 130

lT_)l/a/ =L § 7)1 =T

40 150

ol hnorerh |||||||||

3

[o)
[0
<
—

1Y



Events / 2 GeV

Events - Fit

H->yy(VHA T3

63

30 !
H—yy

25

20

IIII|IIII|]III|

15

Low-mass two- Jet

Data 2012

Background model
SM Higgs boson m, = 126.8 GeV (MC)

ATLAS Preliminary

Vs=8TeV, _[Ldt =207

— > 14— T
V( 9 ) jJTj\ IJ 2 o H—)’YY E’“'ss significance V( 9 M ET) HZ 7_—j IJ —
aq 4 < 2 ®  Data2012
- —~ - Background model
= 2 o— SM Higgs boson m_ = 126.8 GeV (MC)
= |.?>j oF ATLAS Preliminary
— s~ Is=8TeV, JLdt =207

gll } l fk.-?‘iﬁ.lli“ }. 'H:E % 3
:fZ'HHT”'T'TT'T"MU § AR

2013/05/24

Events / 4 GeV

Events - Fit

-
U'l
<
=5

Ly [Ge

12 130 140

o

H—yy

— 1 T
35 ;— One-lepton V( 9 Ie pt
30— . Data 2012
E Background model
o5~  eeeeseaa SM Higgs boson m, = 126.8 GeV (MC)
E ATLAS Preliminary
20—
15 }%

Vs=8TeV, JLdt =207

i

4 +_
+
%_

IIIIIIIIIIIlIIlllllllllplll

n)HATI1)—

_

lllllllllIIIlIIllIIll LI

“OHPNONS O®®O
o——
g
.
.
.
e
.
J
B
.
| QPN
-
o——
| o

130 40

F— )LD ERFiIE=



Events / 4 GeV

Events - Fit

H=2>vyy(VBFATI!)—)

64

H-yy

* d

FeimAEZ/LHCHE
Y IWOE S i

2013/05/24

(— 1 I I I —
50 E_ Loose high-mass two\¢B3 FjJTj U e _%
- ® Data 2012 -
50 — Background model _
. eeeeaaaas SM Higgs boson m, = 126.8 GeV (MC) I
40— ATLAS Preliminary —
= + Vs=8TeV, JLdt =207 0" =
” = SRR =
- ’_~_."_ —
- S ==\ . —e— * =
10 :_ _+_—?7 T T
15~ —
10 { -
5E . =
0 H 1 + { N l | l I L l | E
= | ' | T | * T ¢4
sE- + + + =
10E- . . . . . —
100 110 120 130 140 150 0
., [GeVf

Events / 4 GeV

Events - Fit

40
35
30
25
20

15

-
(S =]

o
S

Lo -
“0OANDOND OO

ATLAS

EXPERIMENT

Run Number: 204769, Event Number: 24947130

Date: 2012-06-10 08:17:12 UTC

Tight high-mass two-jet

. Data 2012 VBFjJT:i\Ué‘ .

Background model
......... SM Higgs boson m, = 126.8 GeV (MC)

ATLAS Prel|m|nary

Vs=8TeV, det =20.71"

H—yy

*

+l
if
j

110 120 130 140 15



a.u./ 0.5 GeV

o
o
\S]

o
o

0.08

0.06

0.04

0.02

H—>2Z->4l Signal Mass Shape

A N L L B L B LN ELELEL L RS BLEL B ~ 0.09
— ATLAS Preliminary 7 o
L Simulation i (Lg 0.08
. e my=125GeV ] S
| —— Gaussian fit ] ~ 0.07
- HoZZ*>4u (1s =8 TeV) 1 © Y-
:— m = (124.51+ 0.02) GeV — 0.05
- 6 =(2.01% 0.02) GeV -
| fraction outside + 26: 13% ] 0.04
i | 0.03
; without Z mass constraint 4 ? 0.02
| - . -
80 90 100 110 120 130 140 0.01
m Ia\/1 r)
> 0_1:I T | L | L | L | L L T T T T 1:
& 0.09 ATLAS Preliminary E
10 - Simulation ]
©0.08c o m,=125Gev =
S 0.07F —— Gaussian fit =
® E
0-06§ H—ZZ*—2u2e/2e2u E
005} (\s=8TeV) -
© m=(123.90+ 0.03) GeV ]
0.04F 5 - (2.26+0.03) GeV E
0_03; fraction outside + 26: 19% _f
C ® 1
0.02F . :
0_01; without Z mass constraint .: é
080" 80 100 110 120 130 140
2013/05/24 My 06/202y [GEV]

III[I\[llllll\[l\lllll[l\lIA

T

I\II[IIIIlIII

rprrrrprrTrrrT T T T T T T T T T T T
ATLAS Preliminary
Simulation

e m,=125GeV
— Gaussian fit

H—ZZ*—4e (\'s = 8 TeV)

m = (123.17 £ 0.06) GeV
= (2.73% 0.05) GeV
fraction outside + 2c: 19%

Q

without Z mass constraint

l\II‘IIlllll\l‘lllll\l\\llllll\\I\lllll‘l\ll‘

80 90

100 110 120 130 140
m,, [GeV]

65



m,, [GeV]

(@)
o

~
o

50

40

30

20

H->ZZ material

m, (7TeV and 8 TeV)

60 70 80 90 100

m,, [GeV]

[T T 1771 l T T T T | T T T T I T T T l T T T T I T T ] |—|135

- ] = . . .
- [ m,=125 GeV ATLAS Preliminary O S O M ]
_-Bkg(120<m4|<130GeV) . (5130 e W i ]
" v Data (120<m, <130 GeV) HozZ7") a1 ="VE] .
N c = 7]
- o \s-7TeVJLdt 4.6 fo' 5125 i
: o ys=8TeV:[Ldt= 207fb1 : -
— IJ ............................... ] 120__ ]
S - (R - R B ... 1153— =
ORI TRy A ey ] - ;;}}f?i' .
e e N . 110 [ Im,=125GeV
- R R R L e ARG CER I, - - - - ~ B -Bkg 7
R T T N ooogooooW-. - _— 105:— 5::.: al = v Data _:
N EERREEE T ERT Y ERE LAY LY 000g00WEOne .- - ORI - Y ATLAS Prehmmary .
i tretesiasaaiaiisai0n00000 coo00000fd0000 s - - - - - ] 100—_ ..... ’ ]
ROPIRUOIIRIOIN SR A - E N B - - H-22" 4l ]
A N 95Ey: s /s = 7TeV:|Ldt= 4.6 b -
L e ] g s I8TeVJLclit—207flb‘ ]

oot

80 90 100

m,, [GeV]

IR MER/LHCA IV IRT SR

2013/05/24

F—)LOERFYIEsE

66



Events/2.5 GeV

Events/2.5 GeV

H->ZZ material

m,, (4e,4u, 2e2)

—_ -
» )

-
N

III|II[|II||III|III||II||II|II||II|

10

Data
Background zz"

Background Z+jets, ti
Signal (m =125 GeV)

ATLAS Preliminary
H-zz"an

AL

~ Syst.Unc.

\s = 7 TeV:JLdt = 4.6 fb™
s = 8 TeV:]Ldt = 20.7 fb”"

80 100 120 140 16
my, ?GeV]
oF > Data ATLAS Preliminary
Background zz"? *

L] 9 _ H—zZ' )%2u2e
14 [ Background Z+jets, ti

E Signal (mH=1 25 GeV)
12—

77 Syst.Unc. \'s = 7 TeV:[Ldt = 4.6 fb"’
10 Vs = 8 TeV:[Ldt = 20.7 fb™’

8

100

120 140

160
m,, [GeV]

= C
[ | - -
S F e Data ATLAS Preliminary
o ~F [ Background zz" ™)
B H—ZZ" "—2e2n
S1af- I Background Z+jets, ti
e l:l Signal (m =125 GeV)
12
- 77 Syst.Unc. \'s = 7 TeV:[Ldt = 4.6 fb
10[- \'s = 8 TeV:[Ldt = 20.7 fb™
8-
6
4
2f-
oF
80 100 120 140 19%ev)
= [ ..
S F S Data ATLAS Preliminary
216 [— *) .
% - - Background Z2Z ) H%ZZ( )%46
g1af I Background Z+jets, ti
wo [ ]Signal (mH=1 25 GeV)
12—
- 7Z Syst.Unc. Vs = 7 TeV:[Ldt = 4.6 b’
10 Vs = 8 TeV:JLdt = 20.7 fb™"
81—
6

:LHChH
nNEE

100

120

140 16
My, ?GeV]

67



H-2>Z2Z->4l

e Exclusion

%1 02 E I I | | I LI | | I I | | I I I L I I I I | I I I | I E
= - ATLAS Preliminary — Observed CL, A
— — H—s ZZ(*)—> 4 ExpeCted CLS —
o - _
= \s=7 TeV:JLdt =4.6 b B+ 1o

I | I + 2 ]

-~ 10E \s=8 TeV:[Ldt =20.7 b’ © =

O - .

o\o _

Lo _
(@)

B e s NG —

10

L1 1 1 L1 1 1 I 11 1 1 I 11 1 1 I 11 1 1 I L1 1 1 I L1 1 1

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

JoUfIHIRESLHCDNUJY AT 7 A
2013/05/24 r— LD & i R oy sEes



him
It I]]
\l'

B AEDRIfRE

— absolute energy scale calibration factor : +0.3%

— imperfect material before calorimeter : £ 0.3%

— 2%EM calorimeter layerMrelative calibration : £0.1%, +0.2%
— e&yMDshowerFERBMDIEL : +0.1%

— H->yy photon&Z>ee electron®3&L Y : +0.15%

— pile up impact < £0.1%

— conversion photonMperformance®datalMCDELDY : +0.13%
— background modelM3:ELY : +0.1%

— mass resolution@stability : +0.15%

— photon@angleMh 52X 9 Sbias : +0.03%

=» Total systematic uncertainty 0.7 GeV for H>yy

> 7> IlyZ FL Y Tcross check



B AEDRIfRE

— muon momentum scale/resolution with J/ =2 pu, Z2pupu < £0.1%
— charge-symmetric scale biases and local charge-asymmetric scale biases...
=» total uncertainty +0.2% for 4u

electron

— Sourceldphoton&[E] L

— electron energy scale/resolution +0.4%
— final-state QED radiation modeling < £0.1%

Total systematic uncertainty 0.3 GeV for H>7Z—>4l
Stat +0.9 GeV
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Signal strength (u)

H>WW=>Iviv

Signal Strength (u)

1.01 £0.21 (stat.) £ 0.19 (theo. syst.) £ 0.12 (expt. syst.) £ 0.04 (lumi.)

o(pp=H)*BR(H2>WW) @8TeV
6.0 £ 1.1 (stat.) £ 0.8 (theo. syst.) £ 0.7 (expt. syst.) £ 0.3 (lumi.) pb

HE 4. 77+0 f‘j(cross sect10n)+8 %8(branchin0 fraction) pb
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H>ZZ->4l (CMS)
e K _PSIg/(PS|g+Pbkg) . .C NS=7 TeV, L=5.1 fb" \'s=8 TeV, L=5.3 b

Background distribution . _
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GATLAS
2 EXPERIMENT

Run 190872,Event 51447267
Time 2011-10-12, 12:09 CEST

2013/05/24

FIRIESBLHCAYIYFRTS R
F—)LOERFYIEsE

p:(t,.4) = 43 GeV
pr(w) = 952 GeV
E.,m™* = 53 GeV

m; = 390 GeV

MMC m_ = 123 GeV
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H%tt (tleptler)’ tlepthad’thadthad)

. e/ud)%l'texcluswekﬁ@*ﬁ"éﬁH"CL\Z)
FNEFNDOFYoRILIEESSIZATI) 2R T TRITEREIL

3DDTF Y A IU(Te,Tep(21€PS), TiepThagl11€p),ThaqThaa(0lep)) Z R HT

category(t,.,t.,) 2jetVBF Boosted 2-jet VH 1jet
FHEELITaY | m;>400GeV | pT=|pp; 2+p ™| 30 <m; <100  m; . 225 GeV
An; > 3.0 >100 GeV An;<2.0
FHES VBF ggF VH ggF
category(t,. T,.q4) 2 jet VBF Boosted 1 jet 0 jet
EQGELITaY | m;>500GeV | pfi=|p +p, MA+E™ss| | EMiss>20 GeV, | EM$> 20 GeV,
An; > 3.0 >100 GeV at least 1 jet Ojet
FHES VBF ggF gsF ggF
category(t,4T;.q) 2 jet VBF Boosted
FHtELYY3r  m;>350GeV | ljet p>70 GeV
An; > 2.6 AR(t4,T5) < 1.9, min{Ad(E;™, T,), AD(E;™*S, T,)} < 0.1n
FHES VBF 8sF
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W/ZH(->bbar)

w0l ATCRS Preimivdry | mwaizy

* HObbIERTHEF v R S e Wz O
— WH,ZH : $4RBEICL TRV orMETE | o bl ™™ Bzwesoar

& ¢ (lepton or MET trigger) ook ;

- pT(W/2)THTII—5 1+ T

— EHERBEREW/ZHets, tthar, gy,
QCD, Diboson (WZ,Z27) e (GeY]

Mp=1.09+0.22(stat.)+0.22(sys)
significance 4.0c

WH->Ivbb ZH->1lbb ZH->vvbb

one lepton (e,u) two leptons (ee, up) E,Miss > 120 GeV

E,™iss > 25(50), GeV, 83 GeV <m,; <99 GeV, | p;™s>30 GeV, |Ad(E;™S, p;™s)| < 11/2,
(40 <) m, < 120 GeV E,Miss < 60 GeV | Ad(E,ss jet) | >1.5, | Ad(Es5,bb)[>2.8

Two b-jets (45,25 GeV) b-tag efficiency 70% (c mistag 20%, light mistag 0.07%)

Categorize events depending on vector boson p; (py,) or MET (Boost VH Events)

Pry<50,50<p;,<100,100<p;, <150, 150<p;,<200, | 120<E,Ms5<160,160<E,™55<200, E,™55>200 GeV
pry>200 GeV
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Events/20 GeV

W/ZH(->bbar)
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ATLAS Preliminary \s=7TeV, I Ldt=4.7 fb"
—e— Observed (CLs)
Expected (CLs)
N+ 16
[ J+t2c

\s =8 TeV, _[ Ldt=13.0 fb "'
VH(bb), combined

SM*1.8 (Observed)
SM*1.9 (ex
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