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? Introduction

¢ Discovery of a new boson last summer!

¢ To understand if SM Higgs boson, need to study
- spin
- mass
- couplings



? Higgs couplings

¢ Higgs couplings to particles oc their mass
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? Higgs boson production and decays modes

¢ Production modes: ¢ Decay modes:
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¢ Measuring cross-sections and partial widths = go back to couplings



? Sensitivity /channel

— VH — Iv-li-vv bb

¢ Main decay channels (sensitivity ordered): € F=1"" /5
o 1 — WW — Iviv
h 2 — 2Z —
- 27 -4, yy, WW, 11, bb S

¢ One important parameter: 102
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? Production modes

¢ Atm_~ 125 GeV

® goF ~90%
= VBF ~7%
= VH~ 5%

® ttH ~ 0.5%
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? Analyses flow-charts

¢ Datasets divided in exclusive categories

~ di-photon selection | | ZZselection | | 1T, selection || T 1, selection v, selection | WW selection
1 lepton 1 lepton 2-jet VBF
W(—lv)H, Z(—{)H W(—lv)H, Z(-l)H VBF

/ET'“iss sigvnificance\ 2-jets boosted
W(—lv)H, Z(—{)H VBF
o ]

low-mass 2-jets 0-jet
V(—iji)H ggF

i

high-mass 2-jets
VBF

.
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? Look for VBF mode

¢ Cross-section at 125 GeV: 1.578 pb
¢ Higgs boson produced with 2 forward jets:
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¢ One of main uncertainties: knowledge of ggF + 2 jets
- 25% to 30% 8



?VBF for H—-yy
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¢ Expected number of events for m, = 126.5 GeV, 8 TeV and 21 b

Ny VBFpurity data | NJ/Ng
tight 2-jet VBF 8.1 76% 136 0.57
loose 2-jet VBF 5.3 54% 276 0.17
inclusive 395 7.3% | 118893 0.03




?VBF for H—>WW*

¢ 438 fb!Vs=7 TeV, 21 fb' Vs=8 TeV
¢ Decay mode: WW - Ivlv

> 9T T
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o complete reconstruction of the s WO ovicvisvey 422 -
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¢ Expected number of events for 8 TeV and 21 fb:

Ny VBFpurity data | NS/N;
0-jet 97 2% 831 0.13
1-jet 40 129% 309 0.13
2-jet 10.6 81% 55 0.29
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?VBF for H—->ZZ*

¢ 4.8 fb'Vs=7 TeV, 21 fb! Vs=8 TeV

¢ Ask for 4 well identified, isolated leptons
- p,>20-15-10-7/6 GeV

- 50 <m, <106 GeV, 12 <m,, <115 GeV

¢ VBF categories:
- |Ar|”| >3

- m, > 350 GeV

¢ Expected number of events for m,, = 125+ 5 GeV:

Ny VBFpurity data | NJ/Ng
VBF category 0.7 60% 1 5
inclusive 13.7 ~ 7% 27 1.6
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?VBF for H—tt

¢ 4.8 fb' Vs=7 TeV, 13 fb! V/s=8 TeV
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?Hint of VBF signal

¢ H-vy: ¢ H- WW*:
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? Look for VH mode

€ Cross-section at 125 GeV: 0.6966 + 0.3943 pb

¢ Divide into categories depending on the W/Z decay

. 2 lept .
1 lepton + E_ ™s® ee\ons O lepton + E_™ss

\ /

AAY

(N}

1%

2 jets with m, close
to 80-90 GeV
14



?VH: leptons (bb)

¢ BR(H-bb) =57.7% at m_ = 125 GeV

- but only WH, ZH 0 lepton 1 lepton 2 leptons
. E mss > 120 GeV E mss 5 25 GeV E.mss < 60 GeV
¢ 2 b-jets T T T
40 <m_ " < 120 GeV||83 < m, < 99 GeV
- 70% eff ¢ i i
- P~ 45/20 GeV extra jet P’
<50
\ yes \ \ no \ 50-100
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150-200
% 6_ [T T T T T T T T T A T T ] ETmiss >200
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?VH: 1 lepton

¢ for H-yy and H— 4l channel

I I
H—vy One-lepton

. E
# Ask for >1 lepton j : ......... (,:
~ sensitive to both W( — Iv)H and Z( — I)H + N ++f . .
- E ®*>15GeV, p"> 10 GeV (yy) 5E+ | +% + — + %E
- well identified, isolated . é | ' | ! | o | T +

¢ Expected number of events for 8 TeV and 21 fb:

Nsignal | VH purity | N data
H—yy 2.9 79% 123
H—ZZ 0.2 70% 0
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? VH: E_miss

¢ for H-yy channel

¢ Ask for E_™* significance

- 0 lepton

- sensitive to both W(—-1v)H and Z( - vv)H

¢ Expected number of events for 8 TeV and 21 fb:

Emiss

T >5
0.67VE,

Events / 4 GeV

Events - Fit

| N VHpuity data = NN
E,™ significance| 4 3 83% 49 0.24
inclusive 395 7.3% 118893 0.03
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?VH: 2 central jets

¢ for H- yy and H - 11 channels

¢ sensitive to both W(-jj)H and Z( - jj)H

¢ Ask for two jets:
- |An | <3.5/2.0 for yy/tt

- 60 <m, <100 GeV for yy
30 <m, <100 GeV for tt

- b-tag jet veto for Tt

Events / 2 GeV

Events - Fit
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¢ Number of expected events for 8 TeV and 21 fb™:

Nsignal ' VH purity | N data
H—yy 3.3 47% 210
HoTT 0.65 31% 176

- difficult to get rid of ggF

18
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? H—vVy: signal strength / category (1)

¢ Signal composition /category:

— WggF  mVBF WH ®ZH w®mitH
| ATLAS Preliminary (simulation) H— vy
I

Inclusive
Unconv. central low p

Unconv. central high p
ggF__ Unconv. rest low pIt
enriched Unconv. rest high P,
Conv. central low p

Conv. central high p .

Conv. rest low p_,

Conv. rest high P,

Conv. transition

VBF- = [Gosehigh-mass two-jet
enriched Tight high-mass two-jet
— 7 “Low-mass two-jet

VH- ET"™* significance
enriched One-lepton

0O 10 20 30 40 50 60 70 80 90 100
signal composition (%)

¢ None of those categories is 100% pure in targeted process



? H—vVy: signal strength / category (2)

Unconv. central | | T 1 |

low P,

Unconv. central

high P,

Unconv. rest

low P,

Unconv. rest
gg F- high p_,
en r|Ch ed Ej%n;. central
Conv. central
high P,

Conv. rest
lowp_

Conv. rest

high p )

Conv. {ransition
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?Signal strength / production mode (1)

Nobserved
. : A
¢ Signal strength parameter for each production mode: W= i
- i=ggF, VBF, VH, ttH 1
¢ For H - yy channel:
+0.3 +0.3
— Wogp o = 1.6_¢33 (Stat)—o.z ( 5y5t>
_ 4 —+038 +0.5
- MVBF_1‘7—0.8(Stat)—0.4<sy5t)
4 o+l5 +0.3
- MVH_1‘8—1.3(Stat)—0.3(sy5t>
5 75 o Bestfit | (gt a8 s 7Tey —
m - [Ldt=4.8" is=7TeV
LI LI L LI LI T T T T m Gi 68% CL [ E
- ! ! ! ! ; X S 95% CL [Ldt =207 b, is = 8 TeV
- L : u —TOta| >+ - ° .
uVH :_ I E =i m E 5:_ >< SM =
3 g —Stat. ] = 4 e E
— Syst. - ) 3
L : 3_ —]
I = - : -
Hyver C 5 H—vyy - : -
- § E 2t \ E
s g [Ldt=481"1s=7TeV ] £ R E
i — P H=—H | 3 - o ., — -
ggH+ttH [ JLdt=20.7fb", Vs =8 TeV 1 OFE-ATLAS Preliminary ~ **seeeeeeoeee”” =
T T ATLAS Preliminary 4f 2011-2012 Hoyy —
" F T 2011-2012 3 - My =126.8 GeV g
. : B . o b b b b b b b by
F o M= T268GeV 4 05 0 05 1 15 2 25 3 35 4
0 1 2 3 4 5 6 Ko gr i <B/Bs

Signal strength
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=40

Signal strength / production mode (2)

x B/ BSM

l'LVBF+VH

observed
¢ Signal strength ter f h producti de: w=i
1gnal strengtn parameter 1or each proauction mode: w;= NSMHiggs
- i=ggF, VBF, VH, ttH 1
¢ ForH-ZZ, H—- tt and H— WW channels
1 0 _\ T T 17T LI ‘ T 17T | LI ‘ T T I. T |. LI ‘ LI I_
- T ATLAS Preliminary .
8l : V\s=7TeV: JLdt =46-48f" _]
= o i _ 1. S T T T T T T 7
: Vs =8TeV: [Ldt=13-20.7 fb . & T ATLAS Prolminary |~ s ]
6 — ) [ \s=7TeV]Ldt = 4.6 o' + Best fit ’
- —H->yy o + Standlalrd Model 5 > C ys-8 TeV:JLdt = 20.7 fo — -2 InA(ggf,vbf) < 2.3
B —H-ZZ' >4 X Bestfit | T 4 T —— -2 InA(ggf,vbf) < 6.0
41— H— 1t — 68% CL — G - o T .
B === 95% CL ] R 4 S ]
- - = 3¢ N =
2 - : N .
i N 2 =
0 — ] B ]
N ] = N\ ) =
-2[ m,=1255GeV — - e o .
- R o  TmmmeeeeemmtTT —
_4 _\ Ll 1 | | I - ‘ L1 1 | | I - ‘ L1 1 | Ll 1 1l ‘ L1 1 1 | Ll 1 1l ‘ L1 1 I_ _ L I 1 1 1 1 | 1 1 1 1 ‘ 1 1 1 1 | 1 1 1 1 I 1 |
2 -1 0 1 2 3 4 5 6 7 0 0.5 1 1.5 5‘975
x B/B Hage” = s
l'l’ggF+ttH SM
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?Signal strength / production mode (2)

Nobserved
. . Y
¢ Signal strength parameter for each production mode: W= e
- i=ggF, VBF, VH, ttH 1
¢ ForH-ZZ, H—- tt and H— WW channels
- unofficial combination
% 1 0 _I LI T T 17 T T 1T T T 17 ‘ T T 1T | LU ‘ T I. T |. LU ‘ | \_
an) - T ATLAS Preliminary -
? gl o ls=7TeV: [Ldt=46-48f" _]
T - {s=8TeV: [Ldt=13-207f" ]
= | _
u 61— _
g [ uos 5 ATLASPrehmmary v How . + Standard Model -
= B & «7TeV]lds 451 _Bzelw\uggm”‘.m: —H ZZ( ) _y4] X Bestfit 7
4 _ x> 4 s=8Tevjld zum Y \fggh‘bh e H - ot —68% CL ]
B 3 - 95% CL 7]
B ' "‘-/\' -
0 — 0 ‘. —
- —— 'E;?srssa ----- ‘ ]
-2[ m,=1255GeV ]
4 L1 1 1 | L1 1 1 ‘ L1 1 1 | L1 1 1 ‘ L1 1 1 | L1 1 1 ‘ L1 1 1 | L1 1 1 ‘ 11 1 \_
-2 -1 0 1 2 3 4 5 6 7

ugg F+itH X B/BSM



? Coupling fits

¢ 4.8 fb!Vs=7 TeV, 5.8 fb'! V/s=8 TeV
¢ Global fits with 5 channels
¢ Hypotheses:

- single resonance

- spin 0
- Higgs boson width negligible
o;.1
¢ Cross-section expressed as: ¢-BR (ii—H— ff)= } ff
H

¢ To compare o, and I'. to SM predictions, introduce scale factors k.

o I .

2 WH 2 WW

- example 1 : Ky, =———+ and Ky =—cy
Own I‘ww"‘

I
— . Yy 2
example 2: 1_,SM o Ky (Kb ’ Kt ’ K‘t ’ KW’ KBSMparti(:ule ? ’ mH)

Yy
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? Couplings to fermions and vector bosons

¢ Assume same scale factors for bosons and fermions

B KF:KT: Kb:Kt

¢ Assume no BSM contribution to total width or to yy loop:

¥L|_ 4 B 1 I I I I 1 1 | 1 1 1 | T I 1 ‘ 1 1 1 | I T I I_
- ATLAS Preliminary + SM ]
3 x Best fit ]
- \s=7TeV, |Ldt=4.8 b — -21In Ak, kg) <2.3 -

Jf 1s=8Te, JLdt=-5.8-59f" - 2INAlK,Ke) <6.0 2
- ,'/’.” TS i
1 S @ A -
o —
PSS :
- : 1 I 1 ) ‘l_ -\-. _\-. —.I- | 1 1 1 ‘ 1 1 1 | | 1 I:
64 06 08 1 12 14 16 1.8
Ky

¢ Compatibility of SM with best fit point: 21%
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? Custodial symmetry

2
My,

t tb
m,.cos(0,,) 4 . M = -

¢ Define A, =K, /K,

- keepx,=x = K =K

b "t
"_"E 9 — L L I‘ .I L L L -
< NS ATLAS Preliminary __data-2InA(L. )
Z - (s =7TeV, [Ldt = 4.8 fo! wz'
= - ) .
- 7? 'S = = - i = =
~ — (s =8Te, JLat=5859f" ....exp.2InA( ) ]
6 —
4 :
3 E
2 E
0: .

Wz

¢ Best fit: A, =1.077%% |

7
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? Up/down symmetry

¢ Some super-symmetry scenarios: different couplings to up and down
type quarks

¢ Define A4 = K/K,

- keepk, =%, = K

\Y Z

- T T L B R LR
< 85— ATLAS Preliminary —_data-2InA(A. ) E
< - s =7TeV, [Ldt = 4.8 fo! du ]
~ 75 \s=8TeV,|Ldt=5859f" ...exp.-2InAQ )
o -

55 E

4

31 E

O:_'S‘ L |_|2‘ 7"--“_11. .é:

¢ Best fit: A € [-2.0; 1.8] at 95% CL Ay

- dominated by H - tt and H— bb



? New contributions to gg/yy loops

. : : Y H Y
¢ Main contributions to H - yy decay: v
H. W ‘ Y H t
W (4
. . +0.34 Y v
¢ Best fit signal strength: p = 1.657 3,
- one hypothesis: non-SM particles in yy loop
g
¢ Assume no Higgs boson decays into BSM particles ; a
t
¢ Allx =1, except K, and K, g
¥ 23 ATLAS Preliminary s sM | ® Best fit:
[ \s=7TeV,|Ldt=4.8fb" * Best fi
o[ 15=8TeV, [Ldt 5859 10" —:g |2 ﬁi«/zg;:‘gg ] _ ok =1.1%02
: e ST g . -0.3
i — +0.3
B - K = 1.2,

¢ Compatibility of SM with best
fit point: 18%

.
Se
e
-
R -
‘‘‘‘‘‘
e meenamae?
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? Long term prospects (1)

¢ With 2011+2012 dataset, possible to have first test of couplings

- look for deviations due to Beyond SM physics
ATLAS Preliminary (Simulation)

¢ Future of LHC \s = 14 TeV: [Ldi=300 b ; [Ldt=3000 fb™" [Ldt = 25 fb"
|Ldt=300 fb™' extrapolated from 7+8 TeV

- ~2018-2022: 300 fb~! Hosup A
- >~2022: HL-LLHC: 3000 fb"! ttH,H—pp
VBF,H—1t

H—s ZZ
¢ Signal strengths: VBF H—s WW

H— WW
VH,H—yy
ttH,H—yy

VBF,H—yy
H—yy (+))
H—yy

0O 02 04 06 038
Au
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? Long term prospects (2)

ATLAS Preliminary (Simulation)

¢ Couplings parameters |
PUNgS P \s = 14 TeV: [Ldt=300 fb ' ; [Ldt=3000 fb”

- No measurement Of total Wldth ILdt:SOO fb ™! extrapolated from 7+8 TeV
T T LI | T | T T | T
- only ratios: — 7/ Tg
I T s A— N A -
I /T —t
¢ With 300 fb"! Lo/ Ty
- 20-60% precision [L /17
I /1y % 5
€ With 3000 fb! e S T— —
Ly /15
- almost all couplings better than 20% - S T— B
. o r /T
- at minimum: ~5% uncertainties L
Lol /T | L

0O 02 04 06 08
AT T,) A /xy)

~

/Ty Ky /Ky
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Conclusions

Al
\Y/,g
©
¢ Discovery of a Higgs-like particle: have to work on whether we need the "like"

¢ Many properties to measure: mass, spin, couplings

¢ Several decays modes available to probe the production modes and go back to
couplings

¢ Data divided in categories enriched in production modes
- VBF: yy, 1t, WW
- VH: vy, ZZ, t1, bb

¢ Global fits to extract coupling scale factors

- test of SM hypothesis and look for Beyond SM
- update with full luminosity (for yy, ZZ, WW) today

¢ High luminosity LHC will be needed for precise measurements
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? Improvement with categories

¢ 10 - 12 categories ¢ 12 - 14 categories

- 2 VH-enriched categories - improve VBF-enriched cat
(splitted in two)

- 1 VH-enriched category

Expected SM likelihood contours

E 1 I 1 I I T I 1 T | I 1 T T | I 1 T 1 | 1 1 I 1 | T I 1 I I T I E : T T ‘ T T T T | T T T T ‘ T | T T T T I T T T T :
mu:  — ICHEP method 68% CL  2011-2012 ] Cﬂw 7 Dec 2012 analysis 68% CL 2011-2012 —
§ o EHERTAOELL g somieorTev| G g OwmEIMmemiOl  fasyes ey

- | urrent metho o 1 - X ~ urrent method 68% Ldt = 20.7 fb‘1 V\s=8TeV 7

E A Current method 95% CL f'—dt =13.0fb,Is=8TeV - T 5 C e Current method 95% CL I =

o B et T ] + = ]

= 41— -2 — L - ]
= B o ":gzt - ig 4 . =

B -\E- i 3 } .. —:
2 H ] = A 3
i ! ] 2F v N 3
of N - i -
- ATLAS simulation ™., : . oE " A =

) L (Preliminary) Do 1 ‘IE— ATLAS Preliminary H E
-2~ m, =126.5GeV | | o 15 simulation AR ANE
PR N [T S T S RSN S HN SR S I — L [ L 1 I I B 1 I L ov o0y | I T R N 1 I L]

-2 -1 0 1 2 3 BA;B =) -1 0 1 2 3 4
lJ'ggF+i‘1‘H>< SM HggF+ttH X B/BSM
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? (Mogr gty Mygrayy) PlOtS for CMS

CMS Preliminary {s=7TeV,L<5.1fb" Vs=8TeV,L<12.2fb"

T TOT T[T T T T[T TR [T T [ 7T T LTI T T T T T T T T T T T T T

> - Ho 1t

+ 8_

f{ i H— WW

3. = H- ZZ
E H— bb
6_ H- vy
4 |
2— —]
[+ > :
O _
_||||||||||||||||||||||||||||||||||||||||||||_

-1.0-0.50.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
l'I'ggH+tlH

CMS Preliminary {s=7TeV,L<5.1fb" ys=8TeV,L<12.2f"

>5112.()_'!\!!!!!" L B B B B L B
1.8

1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2

0.0II\IIIIII‘IIIIIII\IlIIII\IIII
1 2

.....
. .
by

.
.
..........

||||‘||||||\||||||||||||‘||||||||||
s N
7 <
/
/o
sy
//,."

w ool b b b b b baaa by a Laay

e

K (scaling of fermion couplings)

CMS Preliminary {s=7TeV,L<5.1fb" Vs=8TeV,L<12.2fo"

CMS Preliminary Vs=7TeV,L<51fb" {s=8TeV,L<12.2 5"

: SM Higgs @ Fermiophobic ¢ Bkg. only

n
1

) 0.5 1 15

.KV (scaling of vector boson couplings)
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? 2e22) event display (1)

e [ Run Number: 209109 J 1
f | Event Number: 76170653 =292
n= 0.6 \ Date: 2012-08-24, 08:31:00 CET .
¢=1.8 : : EtCut > 1.0 GeV ¢=-2.8
PtCut > 0.4 GeV
Muon: blue
Electron: black
~ Cells: Tiles, EMC
.ff"—‘
idr
F
| f - AN
j2
n=1.2
e2 = ¢=-0.9
n=1.2
¢=-1.8
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#
1

A
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QAT

un Number: 209109, Event Number: 76170683

RIMENT

Date: 2012-08-24 09:31:00 CEST




? Input to coupling fits

H'E*Sj;’m“ SHEET;E“ Sub-Channels l; flg_‘f; Ref.
20011 s =7 TeV
H— ZZW 4f (de, 2e2u, 2ule, du} 4.8  [10]
H — yy - 10 categories {pyy, ® 1, ® conversion} & {2-jet} 4.8 [11]
H— WWw'™ £y lee, ept, pt ® [0-jet, 1-jet, 2-jet} @ {low, high pile-up} 4.7  [12]
TlepTlep lept & |0-jet} & 1} & {1-et, E—j-_:t, VHY} 4.7
le, p} @ (O-jet} @ [E™ < 20 GeV, E™ = 20 GeV) [13]
H=tr | TiepTed & le.u) ® 146t} ® (£} ® [2-jet) 1
Thad Thad 1 1-jet} 4.7
Z = vy EMS ¢ {120 - 160, 160 - 200, = 200 GeV} 4.6
VH = Vbb | W=y p e 1< 50, 50 - 100, 100 = 200, = 200 GeV) 47  [14]
AR p}.]. e =< 50,50 = 100, 100 = 200, = 200 GV} 4.7
2012 5 =8 TeV
H — ZZ") 4f 1de, 2e2p, 2ule, dul 5.8 [10]
H — yy - 10 categories {pr @5y @ conversion} ¢ {2-jet} 5.9 [11]
H— Ww' VLY lep, pel @ {0-jet, 1-jet, 2-jet} 5.8 [15]
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? Leading order coupling scale factors (1)

Production modes

TggH
5M
a
ggH
{FVBF
SM
Tymp
{FwWH
5M
TWH
FZH
SM
Toh

Tiin

SM
[
1H

¥
{ iy (b, Ky, 1)

o

2

KypplKw. Kz, g )
2

Kw

2
Ky

(5)

(6)

(7)

(8)

(9

Detectable decay modes

Lyt 3
[SM = Kw
WO

rzz'-"
M
ravaad
rhﬂ
g

b
Fip

r’i

i

I
e

I
Fia

I
£

':. Khx‘:a':\'l'y”]'ff)

[z,

..f‘f][‘m.” Ki, Koo Ky, H‘]'_H':]
SM
l"z,Ir

e -..?'14-314

£yl

!
l

Currently undetectable decay modes

¥
M =
tt
7]
| { n;H_‘H]Lxh,lcl,mH)
Sh 2
F_L:_L: "
Fe
[5M = "1_
[
l";; " -
[sM = %
55
rlu Lo %
[SM = r
pp
Total width
°F
Mrm | xglximy)
e — ¥
I"*El'“ Ky

(10)

(L1}

(12)

(13)

(14)

(15)

(16)

(17

(18)

(19)

(20)
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? Leading order coupling scale factors (2)

K%V‘OWF(mH)_FK;'GZF(mH)

¢ VBF cross section: K. (K, K,, M, )=
R T) GWF(mH>+OZF(mH)

¢ gg production/decay:

bb tb

K O’ggF<InH>_|_K2b (mH>+K Kb‘O-ggF(Ir‘lH)

- K (k,,Kk,mp)= O egr
’ i t ! OggF<mH)+OggF<mH>+OggF(mH)
_ 1F‘gg K FggF(mH)+Kb I‘ggF(I‘nH)_FK Kb rggF(mH)

¢ H- vy decay:

| R

2
- K (K, Ky Ky, Ky, My )=

- ij = bb, tt, tt, WW, bt, bt, bW, tt, tW, ©™W
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? Channels studied

= L L A B L B B
a — WH-=ivbb 1 o
e 1 — ZH-wbb =S
) ‘ —_ZH-ubb 3
é 10_1 ------- %BF}H—}W__E
C — WW — Iviv Eé
B — 77 > 1l ] 8
102 _ =05
10-3%_ I _;
- L AN .
10_4; I ********** ,—?
10-5_.|...||..|...|...|... Lo N
100 120 140 160 180 200 220 240
my [GeV]
¢ V/s=8TeV
expected reco Nsignal S/B main backgrounds
/7 —4l ~15 100% ZZ, Z+jets, top
YY ~400 1-20% YY Vi I
WW-—lvlv ~100 10% | WW, WH+jets, top, ...
o ~150 0.3-30% Z, Z+jets, top
VH—bb ~70 0.3-2% Wbb, Zbb, top

21 fb

13 fb!
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? H—-ZZ" (1)

¢ Two same flavour, opposite sign lepton pairs

- [ m,=125 GeV ATLAS Preliminary 7
© [ Bkg (120<m <130 GeV) ) ]
Hozz" >4l

| v Data (120<m4l<130 GeV)
o Vs=7TeV:|Ldt=4.6 "
's = 8 TeV: Ldt = 20.7 o]

- well identified and isolated
- pT1 > 20-15-10-7/6 GeV

m,, [GeV]
(0]
o

\l
o
III|I

¢ 50 <m_, <106 GeV 502
¢ 12 <m,, <115 GeV for m, < 145 GeV O
30F

20f

[ | I | PRI b TG RS -y oy
50 60 70 80 90 100

¢ Number of expected signal events (2011+2012): M;z [GeV]
category | ggF | VBF VH
ggF-like ' 157 = 0.93 @ 0.76
VBF-like | 0.31 0.49 @ 0.01
VhAdike | 007 | - 1 017 ATLAS-CONF-2013-013
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? H—-ZZ" (2)

> [ > [
§16: * Data ATLAS Preliminary c§16: * Data ATLAS Preliminary
i °F [ Background zz" - i °F [ Background zz" .
o7 Ml Backg . HozZ"-ap g Il Backgroun - HozzU—4e
§14__ - Background Z+jets, tt §14__ - Background Z+jets, tt
Wb [ ]Signal (m =125 GeV) Yok [ ]Signal (m =125 GeV)
- 7 _ T %
: 77 Syst.Unc. 's=7TeV:[Ldt = 4.6 fo : 7/ Syst.Unc. 's =7 TeV:[Ldt = 4.6 b
10/ 's = 8 TeV:[Ldt = 20.7 fo! 10 \'s = 8 TeV:[Ldt = 20.7 fo!
8 8-
6 61~
4 4
2l 2~
i -
80 100 120 140 20 100 120 140

160 160
m, [GeV] m,, [GeV]

¢ In 120-130 GeV window (7+8 TeV):

4u 2e2) 2112e 4de total
signal 6.3 3.0 4.0 2.6 15.9
7 2.8 1.4 2.1 1.2 7.4
Z, Zbb, tt 0.55 1.6 0.6 1.1 3.7
observed 13 5 8 6 32




? H—-ZZ" (3)

° o T T T | T T | T T 1T 1T ‘ T 17T ‘ T 17T ‘ T T
‘ Excess: 2 10%F — Ops 2012 ATLAS Preliminary
S o Exp 2012 Ho 2205 4l
_ . o —— Obs 2011
expected: 3.10 5107 Exp 2011 \s=7 TeV:|Ldt =4.6 fo
—— Obs Combination
— Observed: 4. 10 1 O """" EXp Combination \s=8 TerLdt =20.7 fb %
BN e N —— - 1o
10 a\x ...... : 4 ;‘" °5 26
1 0_3 \ “ .' AN 3o
] 0_5 = X | R L 5...:'-' “::::::: 4c
107 >
10°F 4 6o
10"
.-':' 76
1 0'13 | | L1 1 | | ‘.‘Jl‘-l | | L1 1 1 ‘ L1 | I.::.‘ 1 1 1 ‘ L1 1 |
110 120 130 140 150 160 170 180
my [GeV]

€ Best fit for mass:
124.3702(stat )03 (syst ) GeV
¢ Signal strength at 124.3 GeV: [M:1.7+°'5 ]

—-0.4
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?H—wv (1)

¢ Two well identified and isolated photons

> I B L L L I
ETY1 > 40 GeV, ETYZ > 30 GeV g 0_12; é;ﬁi‘:fniir?maﬁon ° Hgﬁo;verted central_f
. = 01F Hoyy FWHM = 3.2 Gev -
- : 0 £ L onverted res
Yy purity: 75% =R  or tht drest -
; E ls=8TeV FWHM = 4.5 GeV
~ 0.06— —
¢ Events divided in 12 exclusive categories 004 -
0.021- ,;7' .
- with # resolution: 1.4 — 2.5 GeV : R .
065 ~ST10115 - 120 125 130 135 140 145
- with # S/B: 0.014 - 0.204 m,, [GeV]
- with # production modes fractions _ _
<A 2unconv: <A =1 conv:
o ' N N
9 ggF enriched = = |-
e 1 VBF enriched
. LN LN
e 2 VH enriched 3 D
o o
0.75 n(yl) 0.75 n(yl)

ATLAS-CONF-2013-012
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? H—yy (2)

BT ¢ L B e L B S B S .

- — —
. . 8 B Selected diphoton sample E
4 Observation confirmed for yy channel N e[ LR secen
-'g O hegy e Bkg (4th order polynomial) 7
g 6000 — ATLAS Preliminary —
- observed: 7.4 0 at 126.5 GeV oF T Hovy -
- expected: 4.1 ¢ oo ”e"JL‘" san =
~ Ys=8TeV, Ldt 207 b ]
= mé:I J. E
[ 1 05 L | T 1T | T T T | ' T TT1 | T T T | T T | T T T | T T1 I'..ID 0 = | A %
= 10" —— Observedp (category)  ATLAS Preliminary = 5 e T =
S —— — - Expected p (category) — o 100 160
o 102 . Observed r}] (inclusive) Hoyy _ ", [GeV]
-~ - — — - Expected P, (mcluswe) —]
0% == A\ T -~ "13
10 T 4o
10 Data2011,Vs=7TeV g
il Ldt=4.8f"
-8 ]
107 . 160
101 | Data 2012, \/s = 8 TeV _
o2 Ldt=20.7f" 70
10‘14 TI 1 1 | | [ | | I | [ | | | I | L1 1 1 | | I | 1 1 1 IF
110 115 120 125 130 135 140 145 150

G
my, [GeV] 45



? H—yy (3)

€ Best fit for mass:

- 126.8 £ 0.2 (stat) £ 0.7 (syst) GeV

1 [ T T T T | T T T T | T T T T T T T T | T T T T | T T T T 1
4 — All systematics ATLAS Preliminary -
T Without mass scale uncertainties Hoyy n
e Without systematic 1
25— -+ Bestfit ]
o[- =
1.5 —~
= T ys=7 TeV, j Ldt=4.8 6" —
| —— 68% CL -
0 - — gsclyo cL | | ,r§=a|. TeV, j Ldt =207 fo' -
124 125 126 127 128 129 130

my [GeV]

€ Best fit signal strength at 126 .8 GeV
_ [M=1.6510.24(stat)+8j§§(syst)]

- 2.3 o from SM hypothesis
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?HHWW* (1)

¢ H- WW* - evpv onl 202000F " sy A x| o Dan 2 SM (sys 0 stat)
H y ,_%200005— ATLASJPrellmlnary é\?wﬁ, éi‘g’:ﬂyﬁ”’ )é
. . E \s=8Te = 20. -1 ff ingle Top E
¢ isolated leptons with p.. > 25/15 GeV 18000 '8 I L= 20T e B
160005 H-WW' '—sevuv/uvev B H (125 GeV] E
Emiss A I, J :;
¢ E ™ >25GeV T :
T rel _» =
. Emiss _;
- E ™ if Ag > /2 T E
() —
- E ™*.sin(Ag) if Agp <m/2 6 8 10
,Vjet
) ) i H
4 Spin correlations W W+
A
- s
- m, <50 GeV and Ag, < 1.8 _] [
% e \% e’
- P <4 —P
= = = =

¢ Divide events in H+0 jet, H+1 jet and H+2 jets

ATLAS-CONF-2013-030
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?Hﬁwwwm

Events /10 GeV

: I T T T T I T T T T I T T T T I T T T T I T T T T :
= P - Data %% SM(sys®stat)
300F- ATLAS Preliminary g (0" & wzzzws E
C \s=8TeV,|Ldt=207f" [J&  [@SngeTop ]
B ) ) B Z+jets [ ] W+ets ]
250 H-WW' '—evuv/uvev + 0 jets BB H25Gey]
200F- -
150k H+0jet 1
100 —
50 —
0 50 100 150 200 250 300
mr [GeV]
% 200:|'|IIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIII"—
0] - ATLAS Pre“ n‘"nary —+— Bkg. subtracted Data
2 gl \s=7TeV.JLdt=a6f” ] Hirzscen
2 Ns=8TeV, | Ldt=20.7 fo"
o HoWW Siviv + 0/1 jets
w100

50

+

_I I 11 1 I 1 1 1 I 1 1 1 I 11 1 I 1 1 1 I 1 I_+_I 11 1 | 1 1 1 I 1 1 1 I 1 1 I—
60 80 100 120 140 160 180 200 220 240 260
mr [GeV]

> 140_| T T T T | T T T T I T T T T I T T /I T | T T T I_
8 [ ATLAS Preliminary 20 2z Sueresa |
S 120 ys-8TeV, [ Ldt=207fb" [Ja  [DSngeTop
B L Howw ) Sevpviuvev + 1 jet = m
_E 100__ — Uv/u + 1] -H[125GeV] —
L% N ’
80 7
60 .
40 =
200 .
0 300
e m; [GeV]
rmss 11 miss |2
mT—\/ Er4+ETF —|pi+EM™|
Er= \/|P [*+my,
H+0jet H+1jet | H+ 2jets
signal 97 40 10.6
background 739 261 36
observed 831 309 55
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?Hﬁwwwa

¢ Excess of events for m, < 150 GeV

¢ Form =125 GeV

- observed: 3.8 ¢

- expected: 3.7 ¢

¢ Signal strength at 125 GeV:
- [p =1.01 + 0.31}

o

Local p

Signal strength ()

Oc
1o
20

30

10T T T T
102 ATLAS Preliminary \s=7 TeV:|Ldt = 4.6 6"
HoWW O Ssiviv \s = 8 TeV:[Ldt = 20.7 ft”
10 5 —— Obs. B +10 -
= ---- Exp. m_=125GeV [ ]+2c 3
I -
Sp
10--2 -----------------------------------------
TEd S
10
10°
10'6 IIIIII\I‘\I\III\II‘IIIII
120 130 140 150 160 170 180 190 200
m, [GeV]
_E ATLAS Preliminary  ys=7 TevfLat =451’ -
- Howw Siviv \s =8 TeV:JLdt = 20.7 fi5"
B~ — best fit —
- -2 <1 :
5 _— Exp. best fit m,_ =125 GeV -
45 — 21Im(p) <1 .
\ E
3N =
z
E1 ! ! =

TH20

v b b b by
125 130 135 140



?H—WT (1)

1,1, Selection | | Tt selection | | T, selection
¢ Quite large oxBR, L i L
2-jet VBF 2-jet VBF 2-jet VBF
- but large bkg from Z - tt VBF VBF VBF

‘ Separate Tl ep lep’ TlepThad’ ThadThad

boosted boosted
agF agF

¢ VBF category

- 2 forward jets

¢ Boosted category o-et

. F
- m_ better resolution 99

0-jet

ggF

ATLAS-CONF-2012-160
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? H—1t (2)

¢ Main background: Z - tt, "embedded"

- data Z - pp

- preplaced by simulated t

¢ Lowest and highest S/B:

tlepthad H+ 0 jet VBF
signal 76.3 4.04
background 18100 38.5
observed 17334 39
> 2500 T T T T T T | T T T T I T T T T T T T T
) i Uy 4 H+0-jet ]
O] i » 1
2 L % —e— Data .
— 2000~ — 5x H(125)»1t ]
£ I B 71t (0S-SS)
o B Il Others (OS-SS)
Lﬁ 1500+ [ Same Sign Data |
i 7 Bkg. uncert. ]
i [Ldt=-1301" 1
10001 \s=8TeV -
B ATLAS Preliminary
500F .
o

50

100

150 200 250
MMC mass m_. [GeV]

Events / 20 GeV

m C LI | T 1T 1 7T ‘ T 1T ‘ LI | T 1 T ]

‘T 0.18F €e+ eu +up Preselection ]

-} C ]

> 0.161 —— Z—1t Embedded

© r ge —e— Z—1t Alpgen MC

E 0.14F 7/ Emb. syst. -

< 4ok g ® [Lat=130m" -

F s  15=8Tev :

0.1 ¢ ' ATLAS Preliminary

0.08:— s g

0.06/- -

C 8 ]

0.04- © =

r & ]

002? & ]

C ° o, .

0_1_@19«1 Lo v b v Ly r’w.l“w.

0 50 100 150 200 250 300

MMC mass m,, [GeV]
FT T 17T T 17T L I T 17T | T 17T I T 17717
22 Wt + et , H+2-jet VBF -
20F —e— Data E
181~ —— H(125)—1t -
16:— . Bl Z-1t E
- Il Others ]
14 W Faket E
12E 722 Bkg. uncert. =
10k [Lat=1301" 3
ab \s = 8 TeV E
N ATLAS Preliminary A
6 E
4 E
2 —;

OO

100

150 200 250 300
MMC mass m_, [GeV]
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? H—1t (3)

¢ 95% CL exclusion at m, = 125 GeV:

- observed: 1.9*SM
- expected: 1.2*SM

¢ p,atm, =125 GeV:

- observed: 1.10

- expected: 1.70

¢ Signal strength at m, = 125 GeV:

- [p =0.7 £ 0.7]

Local p

§ 87\ | T T T T | T T T T | T T T T ‘ T T T T | T T T T | l
o - Ho o ATLAS Preliminary 7
© 7 —e—ObservedCL, [Ldt=4.615"\s=7TeV
g - --- Expected CL, I Ldt=13.0fb" \s=8TeV .
= 6 [ J+2¢ 7
% S ES .
1 5? ]
@) C ]
X 4 =
O B ’
o - ]
3 -
2 =
1} ........................................... —:
0:\ | | | | | | | 1 | | | | | | 1 ‘ | 1 | | | | | | | | T
100 110 120 130 140 150
ATLAS Prellmlnary TLdt= 46fb s =7 TeV § my [GeV]
[ Ldt=13.0fb™" \s =8 TeV-
__ —Observed H — 11 __
10 E --- Expected for SM Higgs Boson E
E ... EXpected for SM Higgs Boson at mH=125 GeV E
U3 E
» _00
------ ‘ :1 c
520
102 E
: | 1 | 1 | 1 | | | | 1 1 1 | | 1 1 1 | | | 1 1 1 :
100 110 120 130 140 150

m, [GeV]
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? H—bb (1)

¢ BR(H-bb) =57.7% at m_ = 125 GeV
- but only WH, ZH

’ . 0 lepton 1 lepton 2 leptons
2 b-jets Ems>120GeV | Ems>25GeV | E <60 GeV
40 <m " < 120 GeV||83 <m, < 99 GeV

- 70% eff
s ¢
p, > 45/20 GeV extry jot i o i
/YGS} ( no / 55—3%0 \
¢ Z(-v)H, W(~1v)H, Z(-1)H 100-150
150-200
¢ 16 categories y Emcy ~200 |
120-160
160-200
>200

ATLAS-CONF-2012-161
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H—bb (2)

¢ Main backgrounds ¢ Lowest and highest S/B:

~ tt 1 lepton 0 lepton, 3 jets
pTW<50 GeV ETm'SS > 200 GeV
- WHjets, Z+jets signal 10.9 1.3
dCKgroun

back d 3810 42
observed 3821 32
4 All but di-boson bkg substraction: 3 F 'IA'rus"ﬁ;eiiai'n;;y' T T
o 500 | Lat=13.01" Vs=8Tev mmﬂ -
= - ‘ — ’ ] T T T . ‘ ‘ i — E E 1 Lepton 2 Jets, pYY < 50 GeV -Tw°: E
8 400— ATLAS Preliminary Bwz.zz — g 400> my 7
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? H—bb (3)

- expected: 1.9%*SM

E 6 | T T T T I T T T T | T T T T I T T T T |
¢ 95% CL exclusion at m, = 125 GeV: © ATLAS Preliminary \-'s=7Tev,JLdt=4.7 b’
g 5L —e— Observed (CLs) /s < 8 TeV JLdt 130"
© [ . Expected (CLs) S=0 18V, -
_ . * e
observed: 1.8*SM I= 0 + 16 VH(bb), combined
= 4 [ J+2c
—
O
2
o)
»

¢ Signal strength at m = 125 GeV:
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IIII!IIII||III|IIII|IIII|IIII

- [p = 0.4+ 0.7 (stat) + 0.8 (syst)]

| 1 1 1 1 I 1 1 1 1 | 1 l 1 1 I 1 1 1 1 |
0370 115 120 125 130
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— Obs. _[ L dt=4.7 6", \s=7 Tev,_[ L dt=13.0 fb", \s=8 TeV
----- Exp.
1 E_F .........................................................................
B em———
: .......................................................................... OG
-...-.-.-.-.-.-.-.-.-.-.-.-...-.-.-.._._._.-_-.-:.-:;:;:;,.-.r.'_'.'_‘.-__.-_-. ........ 10
107 - T
| 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1
110 115 120 125 130 55



. . . ém-_ ATLAS Preliminary
? Combination: mass o} s
¢ Mass from individual channels: of- / 2
- H-ZZ* 124.3°%5(stat) %5 (syst) GeV L
- H-vyy: 126.8 £0.2 (stat) + 0.7 (syst) GeV 2__
ol LN AT
¢ Difference between both: g (Ge]
o0 o6 = reliminar —— Combine
2.3_0.7(stat)_0.6(syst)GeV % - \'ASZLﬁI'gVI::}Ldlt=4.6—4¥8fb" —(|-3|—>t;y ‘
= | {s=8TeV:[Ldt=20.71b" - )
- 1.8 to 2.4 standard deviations g o8 remeTevjiaznrh oz o
@ B PRt X Best fit
> 3 ! — 68% CL
S 95% CL
2.5
¢ Combined mass: N
+0.6 N
124.3 £ 0.2 (stat) ™° . (syst) GeV N
ATLAS-CONF-2013-014 05
ol Lo L b b Lo L

122 123 124 125 126 127 128 129
m,[GeV] D6


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-014

? Mass: H—-ZZ*—4l

¢ Dominated by 4p channel

¢ Mass scale systematics
- absolute energy scale (from Z): 0.4%
- low E_ electrons: 0.2%

Relative mass scale difference

- muon momentum scale: 0.2%

¢ Checks:

0.005 e e e
= Data 2012 =
0'0042 ATLAS Preliminary 3
0.003f ®Z-pp =
0.002F-4°0 Yo o
g % ody—-pun © 9
0.001F —¥
Oi— °o o —E
0.001F- o T Yoo Tm® o E
0.002- o W—‘%—ooo 646302 =
-0.003F o %° E
-0.004f =
- :\ L1 1 ‘ 111 | | 1111 | 1 I L1 ‘ L1 Il ‘ 1 Il I 111 | | 11 1 I:

00035595 1 05 05 1 15 2 25
n

- mass measurement with ID tracks alone
- bkg unconstrained

— 7/, mass constraint on m,,

4 More checks:

- check of kinematic distributions
- scale measurement with ID or MS tracks only

- FSR: data/MC agreement to 0.1%

- event-by-event errors
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? H—ZZ7*: FSR correction

¢ New: FSR correction for muons for Z1 pair (66 <m_, <89 GeV)

- ~4% of the events
¢ Add to invariant mass any reconstructed photon with E_ > 1 GeV (AR <
0.08-0.15 depending on E. ) if corrected m , < 106 GeV

¢ Recovers 70% of FSR photons
- 85% of corrected events have FSR photon
¢ Tested on Z - ppy events

(%!_)) E"A#qu‘s"lz\)r'e;ir;i;;r;l'“I"" T ""E %240;_“'\||H||\||\‘ll\l‘l\llll\l\l\ll\l ||||||||||| \_;
™m5000/ 'e-8TeV: ILdt: 13" ] G220} Events w/ recovered FSR y ] =
I ety : 2200 ~No Correction -
c = ° Z—>p.uy: FSR corr. Data % 1 80:_ MZ Constraint ]
G>J4000f Z—upy, FSR corr. MC = Li - .-FSR v - ]
L P L Zom noFSRNG 1605 _FSRy + M Constraint _ E
3000} . 140 L E
: 120- :
- 1 100F a =
2000 B - ATLAS Preliminary | | .
i ] 80fSimuIation E E
1000} . o0 4 E
0 T 111 Lo b b Ly 20;_ = T e _:
70 75 80 85 90 95 100 0_|\|\| AT PR a AN RN RN == S n e, 4l 1]

90 95100105110115120125130135140

m,,, . [GeV] m,, [GeV]



? Mass: H—vyy

¢ Uncertainties:

- absolute energy scale (Z — ee): 0.3%

- material before calo: 0.3%

- relative calibration of calo layers: 0.2 and 0.1%

- difference in lateral shower-shape photons-electrons: 0.1%

- read-out electronic gain: 0.15%

4 More uncertainties:

- converted photons: data/MC diff: 0.13%
- background modelling: 0.1%

C stabititpid Mstions 0150
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