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Statistical method

* All results from profiled likelihood method

L(ﬂ’ O(ﬂ) ) u : parameter(s) of interest
L(‘i], 9) 0 : nuisance parameters

Alp) =

A

L(ﬂ, 9) global likelihood maximum: p and 0 adjusted for max L

L(ﬂ, 9([1)) tested u point : 0 adjusted for max L at this u point
« =2 Ln A(u) follows ? distribution with n d.o.f. (u; ,) = P(x*> x)...

* Nuisance parameters 0 prob.dist.functions. : Gauss, LogNormal, Poisson ...

— Also explored: cases with a « rectangular » pdf for some systematic uncertainties
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Mass systematic uncertainties: 4 leptons and yy

4 leptons
— Dominated by 4 muons (best resolution, less background)
* Muon momentum-scale uncertainty : 0.2% (from Z, JAp — uu)
— electron E-scale = > see below

1Y

— Per category systematic uncertainties:
* method ~ 0.3 % : (mainly from Z— ee MC/data)
* material in front of calorimeter: ~ 0.3%, up to 0.7%
* relative calibration presampler/calorimeter : ~ 0.1%

In each of the above: extrapolation in E @ transfer from e to y

— Additional (global) syst uncertainties:
* E1/E2, linearity, lateral leakage, conversion fraction ... 0.32%

— Global mass systematic uncertainty: 0.55% = 0.7 GeV
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Mass measurement from yy and 4 leptons

£ "I ATLAS Preliminary —— Combined (stat+sys)
Y [ Vs=7TeV:[Ldt-46-48f" - Combined (stat only)
- Vs=8TeV:|Ldt=20.7 fo’ —H I
6 —Hs72" 5w
w,, and u,, treated as independent g
nuisance parameters °F
] — N — 2
my, : parameter of interest :
3_
2F
e VI (— »
Full data sample : -
C | | L1 1 I L1 1

2011 (4.8 fb'!) + 2012 (20.7 b)) T T R T R T R R PR T BT M 8

my [GeV]

Result: m, = 125.5+ 0.2 (stat) **5  (sys) GeV

Council Dec 2012 : my,; = 125.2 £+ 0.3 (stat) = 0.6 (sys) GeV (4.7 fb' + 13 fb)
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Mass difference: m, / m,

% 129 ATLAS Preliminary
g_ - \:si7TeVS [Ldtj4.6—4.8‘1fb"
* Parameters of interest: m,, , m, (independent) Fragf 1S
: — 68% CL
° 127 T 95% CL
* Small correlation due to the common EM-scale E et “
in yy and ee in 4 leptons = Py
— in4leptons: m,, =126.2+1.5, m,, = 123.8+0.8 125
pulls EM-scale down by 0.3 % S
=>m,, here 0.4 GeV lower than single channel value = A
122
. . TR FY R R i NN
Quantify consistency: mry (GeV]

ATLAS Preliminary
10— Vs =7 TeV:|Ldt = 4.64.8 b
5 Vs =8TeV:|Ldt=20.7 b

* parameter of interest: Amy;=m,_, — my

-2InA

gg

3c

= Amy=2.3 "6_ . (stat) £ 0.6 (sys) GeV
240 from Amy=0(p=1.5%)

-2InA(0)

26

Also: set E-scale, e/y pdf’s to rectangular /£ / of

1

(material models, calo samplings calibration...)
= p=8%
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Parameter of interest : u (global)

Signal strength

= u=1.43 £ 0.16 (stat) £ 0.14 (sys)

Consistency tests

— global p with SM: 3%
* 11% with rectangular

QCD scale and parton dist functions

— 5w, with SM: 8%
— S5 w; with 1.43: 32%

W, my contours
- W

— 4]

— combined

Signal strength (u)

Council Dec 2012 u=1.35+ 0.19 (stat) £ 0.15 (sys)

1 | 1 |
ATLAS Preliminary
W,ZH — bb

Vs=7TeV:|Lat=471b"
\s=8TeV: |Ldt=131b"
H— 1t

Vs=7TeV: [Ldt=46 "
\s=8TeV: | Ldt(:R)B b’
H—ww” = v

\s=8TeV: |Ldt=131b"

H- vy

Vs =7TeV: |Ldt=48 b

Ys=8Tev: | Ldt=2071b"
H— zz" - 4l

Vs =7TeV: [Ldt=45 1"
\s=8TeV: |Ldt=2071b"

I [ I
i m,=1255GeV

Combined
Ns=7TeV: [Ldt=46-481"
\s=8TeV: |Ldt=13-2071b"

| | l |

n=1.43+021

e

=] 0 +1

4: ATLAS Preliminary —— Combined
F Vs=7TeV:[Ldt=4.6-4.81" —Hoyy
3.5/~ Vs=8TeV:[Ldt=207 b — Ho 7z 4
B X Best fit
3 — 68%CL
----- 95% CL

124 125 126 127 128 129
my, [GeV]
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Signal strength (u)

atmy = 125.5

[124.5-126.5]:
u £ 4%



Higgs production modes

=

g i g t
f o LARALEELL o
* Through t coupling ty, oo + L R
. t FITTITTTT I
— fermion masses... g | g t
ggk ttH

g; I
e Through W/Z coupling W%---'ﬂf’---- +
— W/Z masses...
— unitarity of SM % o T
VBF VH

Can be tested for all modes with VBF sensitivity

Here : vy, ZZ (4.8 + 21 fb!) , vt (4.6 + 13 fb)
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Production modes: VBF+VH / ggF +ttH

Wygr+vH VYEI'SUS Woop ity

includes Branching Ratio

(which might be different in each case)

2InA

* Ratio independent of B.R.:

can be combined

_ - +0.7
=> Wypr+vi / Woor +ttH ~ 0.9 -0.4
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x B/Bgy,

!J'VBF+VH

TN ATLAS Preliminary
| A Vs=7TeV: |Ldt-46-48f"

llllll

(0]
5]

Y —HozZ" 54 X Besthit

5 H—s e — 68% CL
3 --- 95%CL
.

\\

[

ys=8TeV: [Ldt=13-20.7 fb"

—H-=yy + Standard Model

I[I|l|l|lII|III|II[IIII|I|II

u x B/B

ggF+tH

.
ATLAS Preliminary

\s=7TeV: [Ldt-4648f"
{s=8TeV: [Ldt=13-20.7 fb"
m, = 125.5 GeV

— combined
—Hoyy
—H-2zZ" 54
Ho 1t

llll'llllllllllllll-

/'

VBF+VH ' " ggF+ttH



Higgs couplings

* For each observed final state, production and decay involve several couplings

g, ds
* Best example: yy g : y
i H W/
— ° t
Production : - .
2
~ ng (K, Kp, My ) + ~ Ky
W SV 1 W o |
— Decay h ¢ h ™M, " ,
e T s & s
" ‘;J 1 wmr !..!__l l

Decay width : ~ (k- 0.2 x,)* [ note: interference |

* Need consistent parametrization => LHC-XS-WG
* Ideally: use all production and decay modes to measure all K’s
* Reality: some modes are statistically limited, or even invisible (¥, x,,...?)

=> Group some K’s in order to test salient/important features

ATLAS- CONF-2012 127
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Fermion versus Vector couplings
* Group couplings : Ky =Ky =K, ; Kp =K, =K~ K,

* Assume:
— gg — H and H — yy only through SM particles

— only SM particles contribute to decay (relaxing this assumption => backup)

w 4

[ T T T I T T T I T T T I T T T I T T T I T T T L

“ - ATLAS Preliminary + SM .

3L . 1 x Best fit 7

sensitivity to relative sign: - i5=7TeV, |Ldt=481fb — 2k, ke <28 4

b E=8TeV,[Lat=5850M" - 2INAKK) <60

only from - LT ~.. -
interference term in H — vyy 1= g +© L -

o =

— compatibility with SM: 21% pa > E
_ - | l~~l ———————— | L | | I:

64 06 08 1 12 14 16 1.8

* With these data, sensitivity to K is mostly Ky

through top in loops. Will be better with tt, bb...
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W and Z couplings (‘custodial symmetry’)

* group Kgp =K, =K, =K,

»

A U N N L DAL NN N
TLAS Preliminary

— - .
< 8 —2IAQL ) =
2 JE E=TTeV, [Ldt = 4.8 " wz' 3
= = {s=8TeV, [Ldt=5.859fb" -
¢ testAy, =Ky /K, = =
4F E
— +0. - ]
= Az = 107705, 5, 35 =
. . . 1 E_ i
DlreCt contrlbUtlon: WW and ZZ Oil—l L1 1 |\‘ | | 11 I 11 I 11 I 11 | L1 1 | L1 1 | | I—‘E
06 08 1 12 14 16 1.8 2 22 24 26

Indirect: yy (through W loop)

}\’WZ
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Contributions from non-SM particles

* Assume all couplings to SM particles x, = 1
* Introduce effective x, K, , independent (allow additional contributions to loops)

5~ N 1= L B B B L B BN L
— ATLAS Preliminary + SM -
. . " {s=7TeV,[Ldt= 4.8 b x Best fit ]
* Assume no contributions to VS 8TeV, Lot~ 5850101 — 2 mgmggzgg E
o o - wtT g ’ i
the total width in undetected modes B i i
(relaxing this assumption => backup) 1.5 AT .
— 11402 . =19 +03 1 ) .
Kg 1.1 _0.3 9 K,Y 1.2 _0.2 B . ‘ ]
. 0 05__| c e b v v by 1y |-|-.|“|~T-|"|"|--|’ I IR R |__
SM hypothesis : 18% 06 08 1 12 14 16 18 2 22

A
-2
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Conclusion: ATLAS-Higgs status today

New high resolution channels yy and 4 leptons (full 2011 + 2012 data)

my = 125.5 £ 0.2 (stat) 75 . (sys) GeV
u=1.43 + 0.16 (stat)  0.14 (sys)

Signal strengths => =>

Production mode (from yy, ZZ, T 7 ):

- +0.7
Wypr+va / Woor +ttH = 0.9 -0.4

Higgs couplings (partial dataset)
Compatible with SM hypothesis.

BR(H—inv.) < 65% (95% C.L.)
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1 | 1 |
ATLAS Preliminary
W,ZH — bb

Ve=7TeV: |Ldt=4.7 fb"
Vs=8TeV: |Ldt=131b"

H— 1t
Vs=7TeV: |Ldt=461"
Vs=8TeV:|Ldt=131b"

H— WW” = vy

Vs=8TeV: [Ldt=131b"

H— vy

Vs=7TeV: |Ldt=481b"
\s=8TeV: ]th 207"
H—zz" - 4l
Vs=7TeV: |Ldt=461"
\s=8TeV: |Ldt=2071b"

R e

I ] I
im,=125.5 GeV

Combined
Vs =7TeV: |Ldt=46-481b"
Vs=8TeV: [Ldt=13-207 1b"

| | | |

w=1.43+0.21

|-

=] 0 +1

Signal strength (u)
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Events / 5 GeV

Data - Background

The birth of a particle

35 _I L | L | L I L | L | L | L | L I T 1T I_ >
- B — ()
- ¥s=7TeV | Ldt=0.05f" Apr24, 2011 - o
30— — 2
I _ c
(]
— I >
- . (@
25— ATLAS Preliminary
E H-zz"' 4l channel E
20 [ Signal (m =125 GeV) T
C I Background zz2"' i
15— [ Background Z+jets, tf
— —4— Data ]
10— —
5 —
n :I ] ! 4‘* ! ! ! 1 1 1| ! | L1 11 t L1 11 T 11 11 : 11 11 ! 111 I: —
10 — [
[
o——= 8
10— _
50 100 150 200 250 300 350 400 450 _ 500

M, [GeV]

4500
4000
3500
3000
2500
2000
1500
1000

500

200

-200

Vs=7TeV j Ldt=0.02fo" Apr 18,2011

ATLAS Preliminary
H—yy channel

O
=)
o

— Background-only

IIII|IIII|IIII||III|IIII|IIII|IIII|IIII|IIII|I

| EIIII|IIII|III||II|||||II||III|IIII|III||III||||

100 110 120 130 140 150

M, [GeV

A big thank you to all my ATLAS colleagues since the beginning...
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Back-up

Most recent documentation

— yy:ATLAS-CONF-2013-012

— ZZ : ATLAS-CONF-2013-013

— WW, T, bb: ATLAS-CONF-2012-162

— Previous combination:ATLAS-CONF-2012-170
— Couplings: ATLAS-CONF-2012-127
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Per-channel masses in H to 4l

2In A

| _ < 1 4 l I L I L I .l 1 'l 1 I LI LI l LI ‘| T I UL l
:_ ATLAS Prellmlnary H— ZZ‘ ) - 4| c  ATLAS Preliminary H—-zz" -4 A
F (s=7TeV: [Ldt=46" ] N 12F 5=7Tev: [Ldt=46f" 7
C (s=8TeV: JLdt=207 " = - (s=8TeV: |Ldt=207 " -
- - 10_ — 4 =123.8 7 (stat) T (sys) GeV ]
- —all systematics . N o w 12827 2(sat) % (sys) GeV i
= ——without MSS(e) and MSS(u) 3 il 12 e R ; .
-, . 8+ | —2eu 1250,Q9(stat)_us(sys)GeV o
. ; . _ o 2u2e @ =1226 7 3(stat) T(sys) Gev ]
P\ &y =1243 Dslstat) 3 3(sys) GeV . 6L A
5 g R =
i : 2 5
- = SRR, NN S . G A — ;;_;;Lé_
C 1 1 I 1 1 1 ‘I“ 1 L ‘-'I I 1 1 1 1 I 1 1 1 L I 1 1 1 0 1 ! LI B | I I . " | 1 ; el l ‘F"f 1 h‘:l—:‘f. :;. 11 T
123 124 125 126 127 122 123 124 125 126 127 128
my [GeV] my [GeV]
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u; dependence on assumed my

| [ I |
ATLAS Preliminary
WZH - bb

Ve T LaeaTe’
fe0Tev: Las2n’
H—-11

o 7T Laedon’
f-'-o*rwlm-ﬂub'
H— WW ' — v

fie0Ter Lasne!

H-— ™

e 7T Laesnn’
ot Lge e’
H—2Z' -4l
Ve T Laedon’
0T Lae T’

|
m, = 1245 GeV

I I I I
ATLAS Preliminary
W.ZH - bb
TeTe [LeaTe’
Fernw e e’
H— 11

e [Laednn’
et Lte 18"
H—- WW' = Iviv

Feene e e’

H— Tj

PeTe [Lneann’
Pei [Laenre”
H-ZZ' -4
FeTe Lotednn’
oo lmenre’

T
m, = 1265 GeV

| [ I | |
ATLAS Preliminary

WZH - bb
feTnw laern’
Petnw Lzein’
H- 1t
ﬁ-7w¢lm-ua'
fetvjlaenn’
H—WW' — v

fetnw L2en’

FeTmw leeann’
fietnv jlzenre’
H-2Z"' >4l
Pl Lecasn’
PetTw Lzenre’

Ha'ri

m, = 12550eV

Combined
Berew haeas e’
Fetw haers sorn

| | | |

p=151+022

|

——

Combined
7w haeas. aan”
Gerwr oo mrn’

1 | 1 1

Combined

et iow haean aan”
Rettor ke min’

p=132+018

-1

0 +1
Signal strength (u)

my, = 124.5

0 +1
Signal strength (1)

m,, = 125.5
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-1

0 +1
Signal strength (i)

my = 126.5
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. S peoota | ATLAS ntemal | 3
Q_O 10 T T Id LI L LI L e e e = N« + SN S Exp 2012 B _:
a7 0t Obs.p (category)  'ATLAS Internal i g f EXp o0l Hos 227 41 :
S L — - Exp. p’ (category) _ S0 0 Exp 3011 (57 Tev:JLat <4.6
© 12 === Obs. p (inclusive) — —— Obs Combination '~ ST
— === Exp. p_(inclusive) - 10p -=neee- Exp Combination  {s=8 TeV:ILdt =20.7 f5¥
L e —— : 1 = = _— N
LB .X , 26 107 \§ ‘ ------ Al
10— M\ ~ RES _32' o
10*4 __\ — __ 40 1 0 E: . —, - 30
= e R B W - e ' e T,
- Data 2]111, (s=7TeV g 10° 7 -
[ S R y ]
10°E \ Ldt=4.8f" . 107 \ / % 56
10710 il Data 2012, Vs=8TeV ] 107 260
- _ -1 —7c -._‘._‘ ;"
1012E L.di =21.fb N 1o ‘ é
10 T I AT ITPTNE TP (
1 - 1111 1111 A1 | - L1l Iy L1l 1111
z 110 120 130 140 150 160 170 180
m,, [GeV] my [GeV]

Previous combination
YwW: 610 @ ZZ:4.1 0 => global: 7.0 0

Present combination
YW: 740 @ ZZ:6.6 c => global : ? (> 9 0)
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Fermion versus Vector couplings (2)

Group couplings : Ky =Ky =K, ; Kr =K = K,= K,

— Assume: gg¢ — H and H — yy only through SM particles

No assumption on total width:

My

Ay =Kp/Ky 5 Kyy =Ky Ky / Ky
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ATLAS Preliminary + SM
(s =7TeV, |Ldt = 4.8 fb” X Bzelst fit
{s=8TeV,|Ldt=58591f" ~— n Ak

e

vV
e 22N Ay )

v)

A A
o N
o w
11

Om

0.5 1 1.5

2

20

4
<
<

!\)IIIIIIIIIIIIIIIIIIIIIII

5



Contributions from non-SM particles (2)

* Assume all couplings to SM particles x;, = 1

* Introduce effective x, K, , independent (allow additional contributions to
loops)

_— e L L B I I I I R R

g f— _TLAS Preliminary —-21In A(BR. )|

§ [ Vs=7TeV,|Ldt=4810" inv.undet [ 3

° Allowing possible BRinV undet E\Iﬂ/ 6 = (s = 8TeV, _[Ldt =5.8-59fb" B

’ < C ]

to undetected modes = S E

N — —

- 4f i

3E =

o E

o 1 -

BRinV’ undet < 0.68 (68% CL) E —
<0.84 (95% CL) % 01 02 03 04 05 08 07 08 0.9

BRinv.,undet.

SM hypothesis : 35%

Bruno Mansoulié (IRFU-CEA), Moriond-EW, March 2013 21



