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Outline

1. Higgs decay modes (brief overview):

1. H>
VV* Fermion channels (tt, bb and pp)
2. H>ZZ*->4l covered in the talk by Dimitris Varouchas

3. H2>WW*2lvlv

4. ttH(yy,bb)

2. Higgs properties: o
1. Mass The Nobel Prize in

2. Spin/CP hYSICS 2013

3. Couplings combination 5
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Wikimedia Commons Wikimedia Commons

Frangois Englert Peter W. Higgs

The Nobel Prize in Physics 2013 was awarded jointly to Frangois Englert and
Peter W. Higgs "for the theoretical discovery of a mechanism that
contributes to our understanding of the origin of mass of subatomic
particles, and which recently was confirmed through the discovery of the
predicted fundamental particle, by the ATLAS and CMS experiments at
CERN's Large Hadron Collider"
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Higgs decay modes

Public notes: Papers (yy, ZZ* and WW*):

- yy - ATLAS-CONF-2013-012 - Couplings — PLB 726 (p. 88-119)
- ZZ - ATLAS-CONF-2013-013 arXiv 1307.1427

- WW — ATLAS-CONF-2013-030 - Spin—PLB 726 (p. 120-144)

- ttH, bb — ATLAS-CONF-2012-135 arXiv 1307.1432

- ttH, yy — ATLAS-CONF-2013-080



Production and decay modes
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Full Run | data (Moriond2013)
~21fb! 8 TeV and ~5fb! 7 TeV

Simple selection —

H—2>vy

two high-E; (30,40 GeV) isolated photons. o

14 different categories:

- Increase the sensitivity
(S/B, mass resolution)

- Separate the production modes
(ggF/VBF/VH)
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Full Run | data (Moriond2013)
~21fb! 8 TeV and ~5fb! 7 TeV

H—>Z7z*-> 4l

o T 1T | T 1T | T 1T T 1T | T T 1T | T 1T | T T 1T
= 10° — Obs 2012 ATLAS
. . e ~ENC lARF~NNee Y e e xp 2012 *
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Background (ZZ, Z+jets, tt) estimated
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Full Run | data (Moriond2013)
~21fb1 8 TeV and ~5fb1 7 TeV

H>WW*=>|viv

2 OS well isolated leptons with large
missing transverse momentum - low

mass resolution.

Events are split based on the numbers of
jets in the final state: ggF /VBF production.
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Events / 5 GeV

ttH(bb) — ~5fb1 7 TeV data

ttH(yy) — ~20fb' 8 TeV data tt H (vv, b b )

E 14_ATLAS Preliminary e+ >6jets, >4 b tags
:J.Ldt=4_7fb“ —e— Data (/s=7TeV)
& C I (iH (125)
g 7 &= v
& 1o & 20 Signal extracted by fit to m,, or H; (scalar sum of the jet
- 7] Diboson . . . .
o B S oo momenta) depending on the categories with varying S/B.
6: [Z7) Tot bkg unc.
+
o No excess is observed in either of the channels
I therefore limits are set on the cross section times the
1.5f . . .
3 . branching ratio (wrt the SM expectation) at 95% CL.
° 0 : 50 400
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6 SR+CR background fit —
E o SM signal (mH= 126.8 GeV) 3
SE ...~ SR-only background fit E ttH, H>bb @ 125 GeV 13.1 10.5
4 Signal region Leptonic channel | 3 !
3E E ttH, H>yy @ 126.8 GeV 5.3 6.4
2F :
(=S e A s s E
20005 Gontrol region Vs - 8 Tev ILdt=2|0.3 fb“‘_;
1000+ —e—e— o . — 3 Signal extracted by fittom,, .
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m,, [GeV]
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Higgs properties

Public notes: Papers (yy, ZZ* and WW¥*):

- Mass — ATLAS-CONF-2013-014 - Couplings —PLB 726 (p. 88-119)
- Couplings — ATLAS-CONF-2013-034 arXiv 1307.1427

- Spin - ATLAS-CONF-2013-040 - Spin — PLB 726 (p. 120-144)

arXiv 1307.1432



Mass

Higgs boson’s mass is extracted from the mass
measurements from two channels:
H2>vy 126.8 + 0.2 (stat) + 0.7 (sys) GeV 8
H>ZZ*>4] 124.3 %06 (stat) *0>,; (sys) GeV

ATLAS Preliminary
\s=7 TeV:det =4.6-4.8 fo'!
\s=8 TeV:det =20.7 fo'!

-2InA

36

T T T | T T T | T T T | T

5 -2InA(0)
my = 125.5 £ 0.2 (stat) 1> (sys) GeV
41— 26
«7 - L
£ [ ATLAS Combined (stat+sys) i
N [ Vs=7TeV|Ldt=46-48f" - Combined (stat only)
- Vs=8TeV [Ldt=20.71b" — H-oyy =
6 — H> 77" >4 ol
E : fffffffffffffffffffffffffffffffffffffffffffffffffff 1c
5— L
: 0_1 1 1 1 1 3 4 5
e\ A ” m,,-m, [GeV]
of Mass difference is measured to be:
2__
§ A AYY  AAE +0.6
s Afng = iy — g = 2.37,- (stat) £ 0.6(sys) GeV
. — /AT W S S o
phon o M S S ] It is compatible with Am, =0 at a level of 2.40
my [GeV]
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Spin-Parity

SM spin-parity J° = 0* hypothesis is compared with alternatives from three channels:
H-2>vy, H>ZZ* and H>WW#*

Hypotheses tested are: 0, 1*, 1" and 2*(graviton-like model with minimal couplings).
Spin-1 is strongly disfavored by the observation of the H>yy decay since the Landau-Yang
theorem forbids the direct decay of an on-shell spin-1 particle into a pair of photons

250 [ e

g L T T T \_ b
. . . vy ) vyl _y2 = - ATLAS H—>YT{ . JP:O ExpectedE
H>yy — |cosB*| is sensitive to  [cosg = — SRSl ZPTPT 5 g0 10-aTey Jrawzozw’ - Sevome o
.. . m. = C ]
the spin information \/1 + (@Y Impy T E + E
0* - polar angle of the 1001 + 0
photons wrt the z-axis of 50~ | =
. — 250 e e C —e— 1 7
the Collins-Soper frame ¢ | amnas Hoyy  — & =2 Expected: oF
£ ooof Vs=8TeV J.Ldt=20.7fb1 ® J'=2'Data - N
 E—— [0 C Bkgsysluncer(alnty— T T N T T T s
\Pr o\ it u (1, =0%) 001702 03704 05 06 0.7 08 09
S 150;_ 4 _E |cos 67|
) 2 100F + - 2 3
\ o —4:,_‘—0— | b
\\\ 50 — ] 3
\ o e = m,, is used to discriminate
\ g £ ST ] .
\p, Collins-Soper frame Lt L Lt e L s e ] between signal and
: 0 01 02 03 04 05 06 07 08 09 1

(cos 6 background processes
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Spin-Parity

SM spin-parity J° = 0* hypothesis is compared with alternatives from three channels:
H-2>vy, H>ZZ* and H>WW#*

Hypotheses tested are: 07, 1*, 1" and 2*.

N
©25

H->ZZ* — reconstructed 3
masses of two Z bosons, 1 Eoof
production and 4 decay angles,
serve as inputs to BDT 150
10F
5
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Spin-Parity

SM spin-parity J° = 0* hypothesis is compared with alternatives from three channels:

H-2>vy, H>ZZ* and H>WW#*

Hypotheses tested are: 07, 1*, 1" and 2*.

H->WW* — AQ(Il), m(ll), pT(Il)

and m;
serve as inputs to BDT.

Entries

@ —— ]
= r ATLAS — F-0 ]
i b Simulation Vs=8TeV e Pot
E 03,_ H— WW* — evuv/pvev + 0jets s P _ 1 B
5 | :
< 0.2 B
0-17 N I S —
L. . | ‘ L

% 1
A¢ [rad]
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Spin-Parity

ATLAS
H— yy ® Data
The exclusion of the alternative J’ hypothesis in s=eTeVLat=20707 o) expected
favour of the Standard Model 0* hypothesis is evaluated Roriotpancsony  255uming J7=0°
in terms of the corresponding CL(J?)), defined as: fe=pTev fud=z070
alt H — WW* — evuv/uvev
p Vs=8TeV [Ldt=207 fb"
pO(J alt)
CLy(Jh) = ——— (3)
alt -
1 — po(0%)
The exclusion of the alternative hypotheses
using CL, in favor of 0*:
ATLAS

H- vy e Data F
(1) /s =8 TeV [Ldt = 20.7 fo"
C L [ A) stV v CL, expected 10°
H—ZZ* — 4l

AT T el =0 JP=1t JP=1 JP= 2
o) 77 97.8
| Vs=8TeV [Ldt=20.7 fo"
1* 77, WW 99.97 ‘
L R 2Ckl 2* _hypothesis is tested as
2% vy, ZZ, WW 99.9 a function of the fraction f,
+ ] o . 0 25 50 75 100
2%, -assuming 0% f,, fraction i

2/27/14 M.Chelstowska 14



Inputs to the couplings combination

nglg’szclz()),son Sull))S:;l;ent Sub-Channels { fﬁ‘(}g Ref.
2011 +/s =7 TeV
H — ZZ® 4¢ {de,2e2u,2u2e,4u, 2-jet VBF, £-tag} 4.6 [8]
10 categories

H=vy - {1 ® 7, ® conversion} & {2-jet VBF} 48 7]

H— WW® tvty {ee, ey, pe, uu} ® {0-jet, 1-jet, 2-jet VBF} 4.6 [9]
TlepTlep {eu} ® {O-jet} @ {££} ® {1-jet, 2-jet, pT .+ > 100 GeV, VH} 4.6

H - 11 TiepThad {e, 1} ® {O-jet, 1-jet, pt > 100 GeV, 2-jet} 4.6 [10]
ThadThad {1-jet, 2-jet} 4.6
Z > vy ET" € {120 — 160, 160 — 200, > 200 GeV} ® {2-jet, 3-jet} 4.6

VH — Vbb W — ¢ty pY € {< 50,50 — 100, 100 — 150, 150 — 200, > 200 GeV} 4.7 [11]
Z > tt p% € {< 50,50 — 100, 100 — 150, 150 — 200, > 200 GeV} 4.7

2012 +/s =8 TeV
H — ZZ® 4¢ {de,2e2u,2u2e, 41, 2-jet VBE, £-tag}} 20.7 [8]
14 categories

H=yy a {p1t ® 7, ® conversion} & {2-jet VBF} & {¢-tag, E%‘iss-tag, 2-jet VH} 20.7 7]

H— WW® tvty {ee, ey, pe, uu} @ {0-jet, 1-jet, 2-jet VBF} 20.7 [9]
TlepTlep {¢€} ® {1-jet, 2-jet, prr > 100 GeV, VH} 13

H— 11 TlepThad {e, u} ® {O-jet, 1—jet', PTir > 100 GeV, 2-jet} 13 [10]
ThadThad {1-jet, 2-jet} 13
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 [11]
Z -t p% € {< 50,50 — 100, 100 — 150, 150 — 200, > 200 GeV} 13
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Inputs to the couplings combination

Higgs Boson | Subsequent Ldt
Decay Decay Sub-Channels { fb-1] Ref.
2011 +/s =7 TeV
H — ZZ® 4¢ {4e,2e2u,2u2e,4u, 2-jet VBF, £-tag)
H— vy : 10 categories _6
{p1t ® 1y ® conversion} & {2-jet VBF} d¢
H—> WW® YAZAY {ee, ey, ue, uu} ® {0-jet, 1-jet, 2-jet VBF}
TlepTlep {eu} ® {O-jet} @ {££} ® {1-jet, 2-jet, pTr > 100
H— 1t TiepThad {e, 1} ® {0-jet, 1-jet, pt > 100 Ge ﬁb 4.6 [10]
ThadThad {1—_]et 2‘ 4.6
Z —> vy E“‘1lss € {120 — 160, 160 GeV} ® {2-jet, 3-jet} 4.6
VH — Vbb W — ¢ty e {< 50,5 OS 50 150 — 200, > 200 GeV} 4.7 [11]
Z— L a &60 100 — 150, 150 — 200, > 200 GeV} 4.7
2012 /s =8 TeV
H — ZZ® “D_a {4e,2e2u, 2u2e, 4u, 2-jet VBF, {-tag}} 20.7 [8]
H “ % 14 categories 20.7 (7]
“ {p1t ® 7, ® conversion} & {2-jet VBF} & {¢-tag, Emlss -tag, 2-jet VH}
(eﬁg—; WwW® tvty {ee, ey, pe, uu} @ {0-jet, 1-jet, 2-jet VBF} 20.7  [9]
N\OS‘ TlepTlep {¢€} ® {1-jet, 2-jet, prr > 100 GeV, VH} 13
H > 17 TiepThad {e, u} ® {O-jet, l—Jet‘, pT,ﬁ' > 100 GeV, 2-jet} 13 [10]
ThadThad {1-jet, 2-jet} 13
Z > vy E““SS € {120 - 160, 160 — 200, > 200 GeV} ® {2-jet, 3-jet} 13
VH — Vbb W — ¢ty W e {< 50,50 — 100, 100 — 150, 150 — 200, > 200 GeV} 13 [11]
Z -t % € {< 50,50 — 100, 100 — 150, 150 — 200, > 200 GeV} 13
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Signal parametrization

For each analysis category (k, list on the previous slide) the number of signal events is
parametrized in terms of scale factors for:

- the cross section o; ), of each SM Higgs boson production mode i - ;= 0,/0, g

- the branching ratio B; ), of the SM Higgs boson decay modes f - ;= B¢/B; .

A - detector acceptance

n’s‘ignal = (Z WLiTi sM X Aff X gff) X ir X Brsm X LF g — reconstruction efficiency
i L — integrated luminosity

- generalizes the dependence on the signal yields
from the x-sec and branching fractions

- relationship between the production and decay (specific theory or
benchmark) is achieved via a parametrization of w2 f(k);

Wlts — the product can be represented by y, (or globally by p, where p=1 - SM Higgs
boson and u=0 = bkg-only).



Global signal strength

| | | | | [ |
ATLAS Preliminary  m, = 1255 GeV
M W,ZH — bb

Vs=7TeV: [Ldt=4.7 1"

(mH:1255 GCV) Vs=8TeV: [Ldt=131b" — 1
VH — Vbb -04+1.0 E:ﬁeﬁcfmt: 46"

\s=8TeV: fLdt=13fb"
*

H—- 1t 0.8+0.7 H— WW" — Wiy 5
H— WW(*) 1.0+03 Vs=7TeV: fLdt=4.61" +

Higgs Boson Decay

Vs=8TeV: [Ldt=207 fb"

i 16 * 03 \fl__l—:"\Y/'Ydet—48fb" :
H — ZZ(*) 1.5+04 E;BT:V;qut;Zb.7fb'1 : °
, H—zz" - 4] ;
Combined 1.30 + 0.20 \6=7TeV: Lot = 4.6 1" §

Vs=8TeV: [Ldt=207 fb"

Combined u=130+=0.20 :
\s=7TeV: [Ldt=4.6-48fb" ' _e—
Vs=8TeV: [Ldt=13-20.7 fb" :

-1 0 +1
Signal strength (u)
Individual best-fit u, compatible with combined best-
fit wat 13% CL, and with p=1 at 8% CL

Combined best-fit up compatible with u=1 at 9% CL
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Production modes

/‘ Z 2 _I T L T T L ‘ LI I LU | L | L | T II—
d 1O g ATLAS Preliminary |

“ sl Vs=7TeV: [Ldt=4648f" _

T C Vs=8TeV: [Ldt=13-20.7fb"" ]

VBF and VH E 6:_ —H-—=yy + Standard Model—:
W/Z medlated 5_> C —Ho-27202 4 X Best fit ]
4 —H->ww" - vlv —68% CL _]

C H— 1t --- 95% CL 7]

2 -

O -

2 =

H ggF and ttH -  my=1255GeV 7
quark mediated _4-.21lll-l1lllléllll%llllélllléllllill 11511I116111117ll 1118
MggF+ttH X B/BSM

Each Wgriy @and Wyge,yy are modified by the
branching ratio factors B/B,,, which are
different for different final states = direct
combination of contours is not possible.
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Production modes

] S R LR RS R RARRS AR RARR
L Hott
C _ -1 X Best fit
5?det—20.3 fo —— 95% Contour
r \s=8TeVy - 68% Contour

VBF and VH —
W/Z mediated

+ SM prediction

4~ ATLAS Preliminary & Background only

MyBravH B/ BSM

, ggFand ttH -
guark mediated

IIIIIIII|IIII|IIIIIIIIIlIIIIIIII

Illlllllllllllllll[lll

_1 llIllllIllllllllllllllllllllllllllllllllll

2 -1 0 1 2 3 4 5 6 7

ke * B/Bgy

The latest H> 1t analysis (as presented in the
previous talk) interpreted in the context of
Mggrsten @Nd Hyge,yy Production signal strengths.
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Production modes

14

VBF and VH - Y12
W/Z mediated

2In A

Vs=7TeV: [Ldt=4.6-4.8fb"

N R s AR SRS Ry Ly AR
\ ATLAS Preliminary
Vs=8TeV: [Ldt=13-20.7 fo’'

m,, = 125.5 GeV

— combined —H->yy
--- SMexpected —H 77" - 4]
—H->ww" > viv
H—tt

Illll?lllllllllllllll-

ggF and ttH —
quark mediated 0506 T35 2 555 5%

Hyeravh / “’ggF+ttH

o +0.7
HVBE+VH / .Ugg_FHtH =1 '2—0.5 _

Use the ratio of production modes Compatible with the SM expectation of unity.
(B/Bs,, cancels) = relative
discrimination power between
ggF+ttH and VBF+VH

P, value of pyge,yy = 0 hypothesis is 0.05% >
3.30 evidence of the vector boson mediated

production.
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Coupling fit

For a consistent measurement of Higgs
couplings, the production and decay
modes cannot be treated independently.

Assumptions:

1) The signals observed in different search
channels originate from the same
resonance. A mass of 125.5 GeV is
assumed.

2) The width of the Higgs boson is narrow.
The predicted rate for a given channel
can be decomposed:

0',~-l"f

oc-Bi—-H->f)= T
H

3) Only modifications of coupling
strengths are allowed. The observed
state is a CP-even scalar

osm(gg — H) - BRsm(H — vy) -

The coupling scale factors k; are
defined in such a way that o, and I
scale with k2 when compared to the
SM prediction. For example:

oc-BR(gg—>H-oyy =

K
2

KH

gg—~>H and H->vyy are loop induced
processes at SM 2> K, and K, are treated
as a function of k,, k, and k.

K =1 - SM expectation



Ky

KF

Fermion vs Vector couplings

Different strengths of the fermion and vector
couplings are probed:

Only the relative sign is physical (take k, > 0).

Positive relative minimum is preferred but
negative relative is compatible within 1o.

gg—~>H loop
measures

directly k2

2/27/14

: H—obb .  H-o 1t
. ATLf}sV TL;e"T;”fgw |____le SO EEH S vy ]
g ‘=7 Tev./Ld WH— vy Ecombined |
- \s=8TeV, [Ldt=13-207 fb" + SM x Best Fit
2
1
0

06 07 08 09 1 11 12 13 14 15 1.6

Ky
H->yy loop depends on k; and k,,. It can be parametrized as:
2 2
g ¥ g
. H . H
KE K
g g v
2 2 ) 2
Koy ~ 0.07 k3 — 0.66 kpry —F 1.59 K7

M.Chelstowska
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Custodial symmetry

Identical couplings between W- and Z-bosons are required within tight ¥zz = Xz -¥z/¥H
bounds by SU(2), custodial symmetry and the p parameter at LEP. Awz = Kw/Xz
Az = Ky/K, can be probed in the Higgs sector, while keeping the Arz = Kp/Xz
fermion couplings universal.
N 10¥ LA L B AL B B N 10: o1 T AL T LR L | L=
5; of ATLAS Prellmlnary Dphepzs] E g gf ATLAS Preliminary . NP W N R
Z g Vs = 7 TeV, det 4.6-4.8 fb™! — Observed = E 85 \s= 7TeV,det =46-48fb — Observed 3
ﬁ 85— \F 8 TeV, det 13-207f6"  -- SM expected E ~ c {s=8TeV,[Ldt=13-20.7fb" -- SM expected =
- 7E : = ' 7E =
si_ = 6F N
5F B 5F- E
af - af \ g
3F- E 3f- E
of E 2t E
i 1 e
00?4 1|4 s .1}6.: 064‘ 1%4 1.16 -
Mz Mz
Assume only SM particles in the H>yy loop: No assumption on the H>vyy loop:
Awz € [0.64,0.87] Awz = 0.80 £0.15
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Couplings summary

ATLAS Preliminary {s=7TeV, [Ldt =4.6-4.8 b

+16 +20 {s=8TeV, [Ldt=13-20.7 fb"
) KV T T 11 T T T |_-'—|—_ | L T 17T 8
8% | | g — SM
A >
7% KC:// R al HE 2 —> Free total width
c
Aey | -g
Ay F £ —> Free H->vyy loop content
9% Kyy | 2
Awz| | 1N :
Mol BN _ f>,~ —> SM
5% zz| | | =
Mz | o
AYZ | g
9%, A | 3 —> Free H->yy loop content
o _
g : fo
Ky ] 2
Kg ‘B
o | l 1 £ 2
1-Bi,u | | I | | 11 L1 | Z 2
(5]
-1 0 1 2 m £
m,, = 125.5 GeV parameter value
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vy, ZZ*, WW?* - combination

= 1.3340.21

-0.18

ATLAS +°§:;=:)’ Total uncertainty
s}
m, = 125.5 GeV o(theo) xloonu
- +0.23 :
H=>w 1059 [0.15 —t

i

——
——

—

VBF+VH-like 1.0416[+16 |
categories T -09/-09 ]
Other _ 40.43
categories = 1455 x0.35 '_I_' i
H— WW* — Wiy [202! :
0990 [202! —— :
,,,,,,,,,,,,,,,,, M omls0.12 i
041 jet w=082°% 020 ._l_ 1
2 jet VBF u=14771.05 '_H
Comb. H—yy, ZZ*, WW*[=0-14 :
— 1 53021 [015 . :
H= 1008 20,11 i

s=7TeV fLdt=4.6-4.8 0"

s =8TeV fLdt=20.7 fb"

2/27/14

3

Signal strength (u)

M‘VBF+VH

m

=1.4"07

-0.5

ggF+ttH
ATLAS -+ "::““)’ Total uncertainty
o(sys]
m, =125.5 GeV o(theo) +1o + 20
+0.4 \ : : s
H—yy o4 LA
+0.Z ;\\ ., . - -
Husravm _ 1 1+0.9 -0 \ /
Wogran —~ =0.5[+0.2 : :
—02| N : 1d
[, i i i
+1.3 ; :
H—2Z* — 4| -08) :
+2.0
Hvaravi =0.6%24 -04 |
[ T-09 tgg \‘ .
+08| |
H—> WW*— iy %]
+20|
Hygravm _ 2 0+2.2 -07
Hogra - -1.0 tg:g | 1'“
Combined “oal |
% * N
H-yy, ZZ*, WW 06| 1N .
Pyravm _ 1.4%97 -04
Hogran + -0.5[+02 : R : : :
ks DU T N 02 U SN DR OB

s =7TeV [Ldt = 4.6-4.8 fb"

Vs =8 TeV [Ldt = 20.7 fb"

0

;

2 3 4 5

HyeravH / M ogFttH

M.Chelstowska

w
3

s atias - TTiHo 4 B H o Wy
E \s=7TeV[Ldt=4.6-481b" #%H — vy @ Combined

3 1s=8TeV [Ldt=20.71b" + SM x Best Fit
2 -
1= =
of .
-1 - : =
- / Ho4 7 g
21 [ / -
S EPPEIN IPIPITIPIN | i rirl I I [ A I B
06 0.7 0.8 0. 1 11 12 13 14 15 16
Ky

krp € [0.76,1.18]
ky € [1.05,1.22]

~ 10— T T T 7
& oF ATLAS g“wz’;‘fzv‘:jzz] E
=z F - — 4.6 S ombine E
; 82_@-7TerLdt-4.64.8_1fb — oy, 22° WW*
5 Vs=8TeV [Ldt=20.7 fb -~ SM expected E
o 3
5E- E
e
3F E
2
1
0t5 -
A'WZ

Awz = 0.82 +0.15
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Summary



Summary

ATLAS has discovered a new particle, a Higgs boson.

The significance of this discovery reached 100 B o e e B T e
with 25fbt (full Run | data) for H>yy, H>ZZ 100 AT TNy, Lot - 4648107
and H>WW decay channels, 1013§ -~ SM expected Is=8TeV, JLdt = 1320713
and 18fb-! for H>bb and H> Tt . 10° =
10°
Since the discovery, the focus has shifted 11)‘_’1'2
on measuring the properties of this Higgs boson. 105
1078
Executive summary: 11822;_ ceoaoe -----3

- mass - 125.5 £ 0.2 (stat) *°>, ; (sys) GeV T T T e T
- spin-parity JP - 0*
- couplings in agreement with the SM expectation

Optimized analyses from for H>yy, H=>2ZZ and H>WW will soon
become public = followed by the final Run | Higgs combination!
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Studies on measuring the properties of the Higgs boson

Projections of the uncertainties on the

global signal strength

Assumptions made:
- Performance in high pileup

have been performed assuming:

14 TeV p-p collisions with 300fb, PU-50-60
14 TeV p-p collisions at the HL-LHC with 3ab!, PU-140

2/27/14

ATLAS Simulation Preliminary
Vs =14 TeV: [Ldt=300 b ; fLdt=3000 fb"

H—uu (comb.)

H—stt (VBF-like)

H— ZZ (comb.)

H— WW (comb.) %
H—>‘yy (comb.) é

0 02 04
Ap/p

conditions

- Reduction in the experimental
and theoretical uncertainties

Higgs Boson Decay (mp= 12";. 5GeV)
VH — Vbb -04+1.0
H-> 11 0.8+0.7
H— WW® 1.0+0.3
H — yy 1.6+ 0.3
H — ZZ® 1.5+0.4
Combined | 1.30+0.20

Current (Run | data ) signal
strength uncertainties.

M.Chelstowska
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ttH

* Very challenging search
4+ Small cross-section, large backgrounds
4+ Large theoretical uncertainties

* The only way to measure directly the top Yukawa coupling
e Analyses statistically limited with current LHC dataset

* ATLAS has explored the bb and yy Higgs boson decays

26



ttH(bb)

§ W S bae g @ 7 TeV only
a C -tEH(125) . .
g '3 %%% ® Semi-leptonic top decays
P s ,
" géég:tp I Njet and Np_tagged jets Categories to reduce
8— " . .
i S, Mt backgrounds and constrain systematic
6— . .
: uncertainties
4_
- + Most powerful category: 4 b-tagged + 2 additional jets
2_
I * Main challenges: ttbhar background modelling
(@] E o
= L]l @ Discriminating variables myy, Hy
§0.55 ‘ , ‘ , ‘ = P L L L L L L T4
0. w0 e .250 ?O%bssfée\‘;?o E 50;— ﬁrl:AoSb::\I/i;irzg?s) \s=7TeV,ILdt=4.7fb" —;
 Leading uncertainties E o gy rpeced(Cle) (o 6h) E
. o [ [Jx2 ]
+ Jet energy scale, b-tagging £ T ’ .
efficiency, theory . .
® 95% CL Limits: “E E
observed(expected) 10~ E
13(105)XSMfOFmH=1ZSGeV o:' | | | ...1‘..‘1....|:

110 115 120 125 130 135 140 27



Production and decay modes

o(pp — H+X) [pb]
S

10"

‘ - ‘ L

'2 | I 1 1
1080 100 120 140

ggF

9 t
g g fusion : t H®
g t

2/27/14

T T ‘ T T T ‘ T T T t '(! t [ T T T T T T ‘ T T T T T T ‘ T T T ‘ T T T | 0'3
k] ()] 1 = 98
\s=8TeV S ¢ = ww BE
o D B Ja
3 — 3
S S0 3
3 S 3
_ + ‘~\ .
i o = i
m CC
% i
2107 E
I C ]
10° -
Il Il ‘ Il Il Il ‘ Il Il Il 1 0'4 Il Il Il ‘ Il Il Il ‘ Il Il Il | Il Il Il ‘ Il Il Il Il Il Il
160 180 200 80 100 120 140 160 180 200
My, [GeV] My [GeV]
q g it q WE
WW, ZZ fusion : Ho ttfusion : 3 ~H° Wz <
t
g
q L o
5 H

q

M.Chelstowska

W, Z bremsstrahlung
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Production and decay modes

LHC HIGGS XS WG 2012

ggF
; C e VBF
t
g f Ho
1
102 | WW, ZZ fusion q\ E 105 | T T :I T T T T T | T T T 3
T I T T Il T I T |\| T T T T T I T T T T I & E L \/g = 8TeV E
z | | \'s= 8 TeV c | ! ]
% 10k x TEerp AR W — P
T 'VE S L WH /4 EvDb WW — ['vIv ]
[ R _ :
g — 101/ e 2Z-da -
° 1F E * S ZZ - TTw
. 7 7Z M|
I ] 102 : ) =
107E = - .
- ] - .
i - 10°E z|k||_ . lul ob \ vy =
4 & Ce e E
1 0-2 :— 1 1 1 I 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 ! : ’; !; ’:’Jed,’\éuc’gt \ .............. :
100 ; 150 200 250 300 10—4 Lo b b Ny Sy e
M, [GeV] 100 1 150 200
q >w< M, [GeV]
!TfUSiOI"I N remsstrahliung W H/Z H
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Mass

Higgs boson’s mass is extracted from the mass
measurements from two channels:

H2>vy 126.8 + 0.2 (stat) + 0.7 (sys) GeV
H>ZZ*>4] 124.3 %06 (stat) *0>,; (sys) GeV

myg = 125.5 £ 0.2 (stat) ig:g (sys) GeV

E - ATLAS Combined (stat+sys)
N [ Vs=7TeV [Ldt=46-48f" - Combined (stat only)
- s=8TeV [Ldt=207fb" — H-owy
6 — HoZZ >4
51—
PR N N W S S — 20
3
2_— -
) SN W WATR W S A— o

lllllll[llll[ Illllllll[
?21 122 123 124 125 126 127 128 129

2/27/14 M.Chelstowska

z ATLAS Preliminary
10 Is=7TeV:[Ldt=4.6-4.8 fo'
Vs=8 TeV:det =20.7 fo'!
30

-2InA(0)
fffffffffffffffffffffffffffffffffffffffffff /%

ffffffffffffffffffffffffffffffffff 1c
%I\[I!III

| - | — T
-1 0 1 2 3 4 5
my,-m,, [GeV]

Profile likelihood ratio scan -2InA(a), with a
parameter of interest a:

-2In/A\(a)=0 — provides a best-fit value of a
-2InA(a)=1 — provides a 1o interval around
the best-fit value of a
-2In/A\(0) — provides a compatibility of the
best-fit value a, with a =0
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H—>77*—>4| mass

20

< _IIIIIIIIIIIIIIIIIIIIIIIIIII_l < 141IIIIIIIIIII.I I.IIIIIIIIII'IIIIIII_“
£ 4gf. ATLAS Preliminary H— 22" — 4 ; c  ATLAS Preliminary H—>2zz" -4 |
N F (s=7TeV: fLdt=461b" C /1 S 120 s=7Tev: fLdt=461b" ;
16;‘ \s=8TeV: [Ldt=20.7 fb’ E . Vs=8TeV: [Ldt=20.7 fo i
14:_ all systematics —: 10_ — 4um _1238“08 (stat) +02(sys) GeV ]
. - ] ‘ . de my = 126.2 ! 2(stat) +08(sys) GeV ]
125‘7 - without MSS(e) and MSS(u) B 8 . — 2e2u i, =125.0 (stat) T7(sys) GeV =
10‘ . ‘ 2u2e M =12267(stat) +°5(sys) GeVI,"' i
8 My = 124.3 5 (stat) 7 (sys) GeV : 4

81 -

6 -

4E .

2k =

Ol S NI I 0l - ‘
123 124 125 126 127 122 123 124 125 126 127 128

m,, [GeV] my, [GeV]

Systematics dominated by the energy
and momentum scale uncertainties.
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H—>77*-2>4l| couplings

= 20T T I I I T T I S 2 T KRR RRRRNRRRR
o’ .+ SM ATLAS Prelnmmary = ATLAS Prellmlnary 1
o L X Best Fit Ho 27" 4 L131.8: . 3
X, qgl . 2IM<23 /57 Tev{ldt=46 1" S H—>2Z —a4l
g P T EM<OY eeTevilat-2o7’ { % (s=7TeV: ﬂ-dt 46fb1
z ‘é 1.4:
3.. i -
10 4 = 1.2:
£ 1
o C
0.8
0%
0.4F
0.2f :
108005 752253852 950705 T 15 27 253 35 4
Hogr i D/ Bsu Mg v Mg i
B/Bq,, is included since in the ,uggF+tfH X B/BSM and MVBF+VH X B/BSM
single channel analysis, the source
) ) 1.8+08 and 1.2+38
of potential new physics cannot be —0.5 —1.4
resolved between production and
decay. . +2.4
The cut-off is there for S+B=0 2> ,UVBF+V¥{/,UggF+ttH 0-7_0.3'

golden channel with high S/B ratio.
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H—>7Z*-> 4l high mass

= 1 0°E | l T 3 T [ T | | ]
c F ATLAS Preliminary — Obs ggF 1 102E ATLAS Preliminary — Obs VBF+VH _|
Cg - H>ZZ —4 = = Exp ggF - m; - H>ZZ —4 = Exp VBF+VH 3
21 + — B R + T
o 10°E JLdt=20.7 b B 10 1 o f JfLdt =20.7 i M- 10 ]
& | (5=8 TeV =20 1 & (5=8 TeV =20
a— - — 0., % BR . — - — o, x BR -
£ i SM ] = 10E SM 3
S 10g ERE ]
O ¢ i o | ]
S 1 &

L0 1 Yo 1 =
(o) . (2 T SN 3
TEY U\ E AN G .
E """""""" - : ‘m.'.;
i 107F E
1 0'1 3 3 o ]
o | | | . C | | | -

200 400 600 800 1000 200 400 600 800 1000
my [GeV] my [GeV]

95% upper limits on the production

times the BR. Heavy Higgs boson No sensitivity to the VBF production!
line-shape — CPS is used. Expected

SM Higgs boson x-sec times BR is

shown as well.
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H—>Z7Z*-2>4l
spin-parity

Variables sensitive to the spin

and parity of the Higgs boson:

- the masses of two Z bosons,

- the production angle 6* of Z,
defined in the four lepton rest
frame,

- and 4 decay angles:

— 61 (6,) is the angle between the negative final state lepton and the direction of flight of Z; (Z,) in
the Z rest frame.

— @ is the angle between the decay planes of the four final state leptons expressed in the four lepton
rest frame.

— @ is the angle defined between the decay plane of the leading lepton pair and a plane defined
by the vector of the Z; in the four lepton rest frame and the direction of the parton following the
positive z axis.
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0+, O0-, 1+,1-, 2+m, 2-

H 9 ZZ* 9 4' 2+m analyzed in 25% steps of fqq

115-130 GeV only — split into 3 categories with

S p | N- p 3 rlty va‘rying. S/B ratio (6% increase in sensitivity with

this split)

17 S 5 . L L R L N L N ¢ I T I T T T T T
B 10— W Background 22 ATLAS Pre Prellmmary— £ W sacground 22° ATLAS l;relilmina;ry E 14f Wl Background 227 ATL AS Prellmlnary-
g [ [ [ Background Z+jets, tt Slmulatlon ] 5 10~ [l Background Z+jets, tt Simulation ] w [ [ Background Z+jets, ti Slmulat|on 1
Signal (m, = 125 GeV) H—>zZ"—>al ] F Signal (m,, = 125 GeV) H-ZZ" -4 ] E 12f Signal (m,, = 125 GeV) H-2Z"—4l ‘_
[ —r=0 V5=7 TeV:fLdt = 4.6 fb" ] 8 — =0 =7 TeV:fLdt=46f" | € [ —rF=0 V5=7 TeV:fLdt = 4.6 fb™"
[P0 =8 TeV:[Ldt=207f" { [ - Fe0 =8 TeV:fLdt=2071" ] Y1OF .. pog 5=8 TeV:fLat = 20.7 "

o ]
3 2 -4 0 1 2 3 -1 -0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8 1 20 30 40 50 60 70
) cos(8,) m,, [GeV]
(@ () (©

%) TTT nvluvl-u||v||-|-]|u|vu|u||vu [} _||'|||--'-|uv|v|||nulvn-vl--||| > |-v]|||u|v||||vv-||||v-|--|-|

£ [ B Background 22 ATL AS Preliminary ] £ 107 MllBackground 22 ATLAS Preliminary ] 14 Ml Background 22” AT AS Preliminary
i 10— [ Background Z+jets, tt Slmulahon - S - [l Background Z+jets, tt S|mulat|on - w [ [l Background Z+jets, tt Slmulatlon ]
[ Signal (mH=125 Gev) H—ZZ )—’4| ] 8; Signal (mH=125 Gev) H—ZZ )—’4| B 12 Signal (mH=125 Gev) H—ZZ )—’4| ]
g —=2, 5=7 TeV:JLdt =4.6 fb”" ] F—J =2 Vs=7 TeV:[Ldt=4.6 b 210- —P=2 Vs=7 TeV:fLdt=4.61b" 1
[ F=2 Vs=8 TeV:[Ldt=20.7fb" ] I =8 TeV:fLdt=2071" ] W'°F o poo Vs=8 TeV:JLdt =20.7 fb™" 1

0 0
-1 -0.8-0.6-0.4-02 0 02040608 1 -3 -2 -1 0 1 2 3
cos(8*) o,
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H2>Z77*—>4] P = 98 [N, [(1 — &) - PDFY + ¢ - PDFY |
spin-parity + 3 £ Ny PDF),_,

bkgk
Two methods:
- BDT —trained for each spin-parity state, BDT log[L(H)/L(Ho)].
response is added to the profile likelihood ratio fit
- MELA — matrix-element likelihood ratio analysis
(theoretical differential decay rate (angles and
masses) corrected for detector acceptance and
analysis selection) — PDF discriminant

‘/J20_l'. """" LR BULLE I B = TS LA AN IR RS R I A R a >25_".'I""I """"""""""
2F .g:li 422 ATLAS Prellmlnary %’16- .ga:; J— ATLAS Prellmlnary 3 -g:'i dZZ” ATLAS Prellmlnary
c 18F ckgroun ) c ackgrou ) E ckgroun ) ]
weE Bl Background Z+jets, i H—>ZZ =4l ] w 14_ Bl Background Z+jets, i H—>ZZ —4l 1 g20 Bl Background Z+jets, i H—>ZZ —4l 1
16:_ Signal (m_ =125 GeV) B 19k Slgnal (m, =125 GeV) E -g Signal (m_= 125 GeV) .
14fF — F=0" Vs=7 TeV:[Ldt=4.6 b 3 F —F= Vs=7 TeV:[Ldt=4.6fb" | § [ —&F=0 Vs=7 TeV:[Ldt = 4.6 fb
of F=0 {s=8 TeV: [Ldt = 20.7 b ] T /=8 TeV:fLdt = 20.7 fo" 15k =0 {s=8 TeV: [Ldt = 20.7 fb™" ]
- 8t : :
6f ]
| e aE
o
0

1-0.8-0.6-0.4-0.2 0 0.20.4 0.6 0.8 1
cos(9,)
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100% ggF for 2+m hypothesis

-+ Data |

[ [l Background 2z
20k [ Background Z+jets, tt
Signal (mH =125 GeV)
[ —F=0 Vs=7 TeV:[Ldt = 4.6 fb”
4l =0 {5=8 TeV:JLdt =20.7 b ]

ATLAS Prellmlnary
H->zz"-a|

Entries

0
-1 -08 -0.6-0.4-0.2 0 0.204 0608 1
BDT Discriminant

(a)

* Data
B Background 22"
[ Background Z+ets, tt
Signal (mH =125 GeV)
—JF=0"  (5=7TeV/[Ldt=4.6fb"
s =8 TeV [Ldt=20.7 fb

ATLAS Preliminary
H->2Z""—a4|

0 0.10.203 0405 06 0.7 08 0.9
JP-MELA Discriminant

2/27/14

%) T TTTTT
e [+ Data " ATLAS Preliminar
£ o5F — [l Background ZZ‘ ) ry
wor [ Background Z+ets, tt H_’ZZ _’4|
C Signal (mH =125 GeV)
20F — =0 {s=7 TeV:fLdt=4.6 b ]
[Pt Vs=8 TeV:JLdt =20.7 o' ]
15¢ ]
10F
5t

0
-1 -0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8 1

BDT Discriminant

(b)

* Data . :

., ATLASPreliminary3

8 Background 2z (_I) inary

[ Background Z+jets, t  H—=ZZ =4l
Signal (m =125 GeV)

—JF=0" 5= 7Tevf|_dt_46ﬂ>‘-

Vs 5 8 TeV,[Ldt = 20.7 fbJ]

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
JP-MELA Discriminant
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B40F *"Data
£ 40 - B Baokground ZZ” ATLAS Prellmlnary _
w 35.‘ [ Background Z+jets, tt H—zz" -4l =
F Signal (m_=125 GeV) ]
30F — -0 {5=7 TeV:[Ldt = 4.6 fb” ‘_
E o P=2 Vs=8 TpV:[Ldt = 20.7 fb™* 3

of , . ]
-1 -0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8 1

1 e

BDT Discriminant
()
(145  pARAE RASAY LALRS RALLE LARRE LALLS RAALE RARLY RALRS M
2 [ o Daa « ATLASPreliminary]
€ [ [l Background zZ (,)
i H->zZ"—4l

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

[ —F=0" (5= 7Tevf|_dt_46fb‘
8 TeV fLdt = 20.7 fb]

0
0 0.1020.30.40.50.6 0.7 0.8 0.9
JP-MELA Discriminant
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g LI B I I I % F T T 3 AR LA LN R BLELELEL B R LR
= 0.25]- ATLAS (.I;’reliminary —Data £ 0051 ATLAS (};’reliminary —Data ] £ 0.5:— ATLAS (j;’reliminary —Data ]
w i H—-2ZZ' — 4| Signal hypothesis ] w [ H—>2ZZ ' — 4l Signal hypothesis ] w r H—-2ZZ"' — 4| Signal hypothesis ]
- Vs=7TeV: fLdt=4.61b" (m =125 GeV) [ {s=7TeV: JLdt=4.61" (m =125GeV) | 0.4 Vs=7Tev: JLdt=481b" (m =125 GeV) -
0.2 ﬁ:env:ﬂ.m:zo.ﬂb" " JP =0* g 0.2r VE:BTeV:JLdt:ZOJfb" ) JP =0* 7 L \I§=8TeV:det=2o.7fb" " JP =0* ]
F BDT analysi ST ] L BDT analysi ST ] - BDT analysi SR ]
| analysis - R | analysis | analysis -
0.15F e ~F =04  oisF ik F=1 03¢ & -df =25
i S ] - | ' ]
o1 N B 0.1 ;o 0.2 .
: | ] : { . 5
0.05f i 3 0.05} i 0.1 5
F A ] F P ] i ]
95905 o0 5 10 15 T — "5 10 15 9 ' 10 15
log(L(H )/L(H)) log(L(H )/L(H)) log(L(H )/L(H))
(a) (b) ©
30-3_"'|""|""l"'l""l' gO.S_ N B LI LA BURLELELE B 80.6 M BMRLLL B B B BB
£ | ATLAS Preliminary  —pata £ | ATLAS Preliminary  —pata £ | ATLAS Preliminary  —pata ]
wo.25- H - ZZ( ) > 4 Signal hypothesis Wo.25F H — ZZ() — 4] Signal hypothesis | W 0.5 H— ZZ( ) 4] Signal hypothesis
[ \5=7TeV: fLdt=4610" (m =125 GeV) f 5=7Tev: fLdt=461b" (m =125 GeV) {5=7TeV: fLdt=461" (m =125 GeV)
0.2[- \s=8TeV: Ldt=207fb" _JF =0 0.2 \s=8TeV: [Lat=207fb" _JF =0 0.4 \s=8TeV: fLdt=207 b _JP =0" ]
- J° - MELA :° ] - JP - MELA :° ] - J° - MELA :° ]
[ _ i [ _ ] L —_n+
0.15F ~dy =0 3 0.15F i =T 0.3F -y =2
g ] - Al ] -
0.4 ] 0.1F | . g
[ ] i | ] i
0.05f 3 0.05 | ] s
E - s | N : ¥
5 15 %5505 o 5 10 15 45 -10 -5 0 5 10 15

log(L(H)J/L(H)) log(L(H ))/L(H)) log(L(H)/L(H))

Shaded areas correspond to the observed

po-values for Hy and H; hypotheses. 100% ggF for 2+m hypothesis
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1 0 T T T I T T T I T T T I T T T 2 1 0 T T T T I T T T T I T T T T I T T T T
[ ATLAS Preliminary T~ [ ATLAS Preliminary ]
8-_H 77" 5 4 eData Spin0 o 8'_ H—zZ"' =4 ® Data Spin 0]
N \s=7 TeV:det =46f! Signal hypothesis . 1o Eo N vg =7 TeV: de'[ -46 fb-1 Signal hypothesis . 10 ]
. . 2 ~ L -
gL Vs=8TeV: fLdt=207fo" oJi =0 Hzo :‘5 6L (s=8TeV:[Ldt=20.7fb" e J =0" 020 ]
[ BDT analysis ok =2 S | JP-MELAanalysis . =2, ]

700 0

100

qq Fraction (%) qq Fraction (%)
CLs = po(alternative JP)/(1 — po(0™)).
BDT analysis J*-MELA analysis
tested J for tested 0" for tested J© for tested 0" for
an assumed 0* an assumed J¥ | CLg an assumed 0 an assumed J | CLg
expected | observed observed* expected | observed observed*
0~ | po | 0.0037 0.015 0.31 0.022 | 0.0011 0.0022 0.40 0.004
1* | po | 0.0016 0.001 0.55 0.002 | 0.0031 0.0028 0.51 0.006
1= | po | 0.0038 0.051 0.15 0.060 | 0.0010 0.027 0.11 0.031
2, | po| 0.092 0.079 0.53 0.168 | 0.064 0.11 0.38 0.182
2= | po | 0.0053 0.25 0.034 0.258 | 0.0032 0.11 0.08 0.116
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Spin-Parity

SM spin-parity J° = 0* hypothesis is compared with alternatives from three channels:
H-2>vy, H>ZZ* and H>WW#*

Hypotheses tested are: 07, 1*, 1" and 2*.

N T T T T I T T T T l T T T T l T T T T ]

S gof * Data ATLAS

* _ o F [ Background Zz* -

H->ZZ* - reconstructed g f [l Backgroun © Hozzesal
masses of two Z bosons, 1 £ 5 [l Background Z+jets, f b

. P _nt .
production and 4 decay angles, = JP- 0 (s=7 TeV [Ldt=4.6f0" 1
serve as inputs to BDT ooF Y (s=8 TeV [Ldt=20.7 fb"]

—
9]

IIlIIIlllIIIIIIlIIIIIII

10

IIII|IIII|IIII|III

0 R
-1 -0.5 0 0.5 1
BDT output
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Spin-Parity

SM spin-parity J° = 0* hypothesis is compared with alternatives from three channels:
H-2>vy, H>ZZ* and H>WW#*

Hypotheses tested are: 07, 1*, 1" and 2*.

H>WW?* — AO(ll), m(Il), pT(Il)
and m;
serve as inputs to BDT.

Q r T T T T T T T T T

= i ATLAS — F=0

i L Simulation \s =8 TeV e Pt

§ 03__ H— WW* - evuv/uvev + 0 jets . F=1

5 | |
< 0.2 B

(0 J [ SRS R
07 P | L
0 1 2

3
Aq)”[rad]
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L R T T
ATLAS

& C T
c C —JF=0 ]
i 0.4 Simulation \s=8TeV e Pt T
a T H—-o WW*—evuv/uvev +Ojets ... F=1
5 0.3- .
< C

0.2¢...— 7

o1 0 Eeee N

9_ L I 1 | 1 1 1 | 1 1 I ‘““‘I““E z
0 40 60 80 100

Efrel [GeV]

Cuts used in the couplings
analysis have to be
loosened to increase the
sensitivity to alternative JP
hypotheses.
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Spin-parity combination

Nchann4 Nhins
£ mo=[]]]
J i

P(Nij | ;- S7©) + B, j(0) x A,6) ,

L(JP = 0+,ﬁ0*s 90‘“)
LU Ay, 05r)

q = log

Test statistic g is used to
determine the p,-values.

Expected are derived using
ensemble tests (MC

pseudo-experiments).

MLE evaluated under
different spin-parity
hypotheses

A product of Poisson distributions P
corresponding to the observation of
Nij events given Sij and Bij. Nuisance
parameters, 0, are constrained by
auxiliary measurements.

Couplings to the Higgs boson with
the alternative hypotheses are not
known — treated as nuisance
parameters in the fit.

Expected pO-value is obtained after integrating the
test-statistic distribution above the median for the
tested hypothesis.

If the observed agrees with the tested hypothesis
then the observed p0 will be 50%.



H—2>vy spin-parity

The selection is the same as the couplings analysis with an important
requirement that the transverse momenta of the photons are
proportional to the invariant mass of the photons = reduces the
correlation between m, and |cosO*| for the background to a negligible
level. 105 < myy < 160 GeV mass is chosen, 122-130 is treated as the
signal region, the rest is the side-bands.

Signal in bins of |cosB*| is corrected for the interference with gg—=>vyy for
spin-0 hypothesis = the correction value is taken as systematics

Events /0.1

2000 S seekgroms £+ E In the background-subtracted plots, the data
e ] points differ a bit, because the fitted

ook _ background depends on the profiling of the

- arias nuisance parameters associated with the bin-

500 P . . .
S G=8Tev [Lat=2071 L by-bin systematics.

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

Icos 6%l



ATLAS Preliminary

H—- vy

VH enriched

VBF enriched

ggF enriched
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di-photon selection
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One-lepton

W(= I)H, Z(— I)H

A 4

ET" significance

W(= V)H, Z(= vw)H

A 4

Low-mass two-jet

W(— ji)H, Z(— ji)H

v

High-mass two-jet

VBF

v

9 pn—n—conversion

ggF

<

H—2>vy

=3 L I B L L) B AL BN
g [ — All systematics ATLAS Preliminary -
O oeeee- Without mass scale uncertainties Hoyy ]
[ Without systematic 1
25— + Best fit ]
o =
15[ -
=TT Vs=7 TeV,_[Ldt:4.8 o'
- —— 68%CL ’
. 5: — 957/0 cL | | «§=s] TeV, | Lt =207 fo! ]
124 125 126 127 128 129 130
m,, [GeV]
Mass scale — photon energy
scale uncertainties
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Fermion vs Vector coupling

Different strengths of the fermion and vector couplings are probed (only
SM particles in the gg=>H and H—2>vyy loops, and SM Higgs boson decays
modes entering the total width):

Ky = Kw =Kz
KF = X =Kp =K =Kg

Assume only SM particles allowed in gg=>H = measure directly k?%;
H->yy loop depends on k; and k,, through top and W couplings. It can be parametrized as:

7 |2 v 7P
H . H . H
Kp Ny
v v v
K3 N 0.07 k) — 0.66 kpry —— 1.59 &
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Fermion vs Vector coupling

w T T LI B

¥ [ T T T T T T T T I T T T T ] T T ] ¥ kl T | i ] | j""_'H ;)vabl T Hw;l‘tv’tv T T
- ATLAS Preliminary + SM . - ATLAS Preliminary CIH S E5H - viv
gl (s=7TeV,[Ldt=46-481" x Bestfit - gf (B=7TeV]Laadb48m" #H— vy Ecombined |
C {s=8TeV, [Ldt=13-20.7 fb" — 68% CL : C \s=8TeV,|Ldt=13-207 fb + SM x Best Fit
- -+~ 95% CL 1 '
2 -] 2|
1= - L
o _: 0
] - - -1
0 ! L. ! L ! L0 By, | [ 4 ]
0.7 0.8 0.9 1 1.1 1.2 1.3 06 07 08 09 1 11 12 13 14 15 1.6
Ky Ky

Only the relative sign between k; and k,, is physical, take k,, > 0.

Two minima in the likelihood because of the F/V interference in the H>yy loop. The positive
relative one is preferred by the fit but the negative relative one is allowed within 1o

xr € [-0.88,-0.75]U[0.73,1.07]
ky € [0.91,0.97]U[1.05,1.21]

2/27/14 M.Chelstowska 52



Fermion vs Vector

0.75 BR to fermions
and gluons Ky - Ky (KF, Ky)

o(gg — H) * BR(H— ~
0.25 BR to yy, ZZ, WW (99 = H)xBRU=YY ~ 452 1025 12

Ky - Ky (KF, Ky)

"> qq'H) * BR(H— ~
0(qq’ — qq'H) * BR(H—y) 075 2 4025 12

Kp KV

o(gg — H) * BR(H — ZZ®, H - WW®) ~
(99 — H) * BR( ) Y 0521025 2

F
K2'K2

: : ) *) v %y
o(qq — qq'H) * BR(H — ZZ®,H — WW®) ~

0.75- 12 +0.25 -1

1(2 'K2

o(qgq’ — qq’H,VH) + BR(H — 17, H — bb) ~ V_F
(94 = aq H, V) + BR( ) T e 052

K (kF, ky) = 1.59 - 3, — 0.66 - kyxp + 0.07 - K5
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-2In A(A

O a N W Hh OO N ©® © O
T TT ]

Fermion vs Vector (no assumption on

the total width)

E Vs=7TeV,[Ldt=4.6-4.8 b
E Vs=8TeV,[Ldt=13-20.7 fb"

o
£ ATLAS Preliminary

Peykw]
— Observed
-- SM expected

LN s B B B

(@
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Arv = Xr/xy

©

2
o(gg —» H) * BR(H—-vyy) ~ }'FV :

o(qq’ = qq'H) * BRH—yy) ~

o(gg — H) *BR(H - ZZ®, H > WW®) ~
o(qq = q¢ H) *BR(H — ZZ®,H - WW®) ~
o(qq — qq’H,VH) * BR(H = 17,H — bb) ~

M.Chelstowska

Kv - Ky /Xng

Ay, 1)
Ky

2
Apv s

55



FV)

-2In A(A

Fermion vs Vector (no assumptions)
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The non-vanishing value of the fitted coupling of the new particle to gauge bosons xy is both directly and
indirectly constrained by several channels at the ~20% level. The coupling to fermions can be directly
observed in the H — 71 and H — bb channels. However, this direct constraint is weak as both channels
are compatible with both the SM Higgs boson signal and the SM background hypothesis at the 95%
CL level (see Fig. 1). A value of x significantly deviating from zero is indirectly observed through the
constraints from the channels which are dominated by the main production process gg — H, which is
assumed to be fermion mediated in this benchmark model.

The ratio between the fermion and vector coupling Ary is compatible with the SM hypothesis, inde-
pendently of the inclusion of the H— yy channel in the measurement of the Agy ratio.
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Decay modes
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