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Introduction

* Search for deviation of SM Higgs couplings

* Possibly due to coupling to new particles

* Introducing multipliers k to a tree level motivated benchmark model

* In SM all multipliers = 1

Standard Model couplings
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Testing the SM couphngs

@Y

b — — . -l
* Following the LHC nggs XS WG recommendatlons http:/arxiv.org/abs/1209.0040
o) Assumptions Narrow width approximation: T
* Single, narrow, CP-even scalar resonance oB(it— H — )= Oil f
(tensor structure of couplings assumed to be SM one) FH
* Deviations from SM Higgs parametrized using scaling factors K
production: decay: width:
27 SM
2 _ o; o I 2_Z/<JI’
i T oSM "j T SM "H T T psM
* Example:
Iﬁ:2/432
0B (99 = H = 77) = (0gerB)gy (99 = H = 77) X — 5~ , Y
H
* Kgandk , are effective multipliers as Higgs couples only via W v
loops to these particles, containing interference term: AN Y
k2 = 159k, — 0.66kw ke + 0.07k7 h<
* These relations are modified if non-standard model particles t Y

enter
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Parameter of interest: h <
 Multiplier k for a given coupling t,b Ny

e E.g. Kt for the Higgs-top quark coupling
e Also effective couplings, e.g. Ky, are considered

e Different types of models tested by imposing relations between W/Z
certain scale factors h

e Signal strength g4 = Omeasured / Osm
e Multiplier for total yield

e Can also be defined for each production mode, e.g: b,T
* UVBF = OVBF.measured / OVBF,SM h <

e In both cases, SM has y=1 and K= 1
e Deviations from unity indicate non-SM Higgs couplings

Note: K allow for more direct access to couplings as p,
contain complex interplay between production and decay
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Input to couphng flts
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Phys. Rev. Lett. 112 (2014) 201802
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Results




ATLAS-CONF-2014-009

signal strength by production modes:

. Towtn _ ATLAS Prelim. | otat) = Total uncertainty
ATLAS Prelim. (5rs ;nc_) Total uncertainty m,, = 125.5 GeV o(theory L 15 £ 90
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 Parameter of interest: Awyz = kw/kz

e Constraint by direct inputs from H—-WW and H—ZZ and from VBF measurements
e Universal coupling to all fermions is assumed

* Measured to be consistent with 1 to high precision at LEP and Tevatron
* ATLAS measurement also consistent with unity: 0.14
7‘~WZ = 0.943):29

e \W & Z bosons treated as identical
in the following and denoted V

Az hezKz7]

= Observed

= 10— ATLAS Preliminary
- Is=7TeV, |Ldt=4.6-4.8 1"

L Vs=8TeV, det ~20.3fb"

8— -
| Combined H— vy,2Z* WW* t1,bb SM expected

-2 InA(A Z)
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Fermion vs. Gauge couplings ~ ATAs-CONF2014-00¢

o Scale factors of interest: Ky

_—

Rw — Rz
Kt = Kp = K = Ry

e Assume only SM particles contributing to loops RF

Results:

0.14
| ky = 1.15+0.08 ARV = = 0. 86+0 12 WP, _
| Y = Rv \ constraint on total
| 0.99+0-17 * no deviation from SM width dropped
KF — _O 15 . ags . 0
e compatibility: 10%
gu_ :I T T | T 1T | T 1T | T 1T | T 1T | T I I.I I; Ibbl _I T II_|I I;I ﬁl[jﬁ[l: T I: Mu_ 3: T T T T | T T .I .I | T T T T | T T T T | T T T T | T T T T :
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- Vs =7 TeV [Ldt = 4.6-4.8 fb’! — Yy iComblned . YE Is=7TeV, det 4.6-4.8 b X Best fit -
3L \s=8TeV fidt=2031b" M « BestFit - 2 Is=8TeV, [Ldt=2031b" — 68% CL =
23_ ' B 1_5: Combined H— yy,ZZ* WW* 1t bb__ o ______?_5% CL —f
: E - e I
i = ' T 2
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FeI'IIllOIl VS. Gau ecou 1111 S COIIl 051teness
Fermios p &I

* Minimal Composﬂe nggs Models (I\/ICHM) — v2/f2 '

010-7102-dNOD-SV11V

* Higgs is composite pseudo Nambu-Goldstone Boson
* possible explanation for scalar naturalness problem
* Couplings to V and F as function of compositeness scale f parametrized by ¢
* Coupling scale factors expressed in terms of ¢
* Physical constraint: ¢ = 0
* SMrecovered for¢ =0
w4
~ _ i
e Two models studied: 3 Standard -
- Model -
* MCHM4: of ' -
K —= /{V — /{F — A / ]_ — f 15 MCHM4 U E
0;05 MCHMS5 —:
e MCHMS5 B -
1 1 — 2¢ 12 ]
p— — K = -1 —
AV § d v1—¢& N R R SRR AT BN IR
07 08 0.9 1 11 12 13 14
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- ATLAS Preliminary
2/ £2 -
f — U / f l - \s=7TeV, ﬁ_dt=4.6-4.8fb'1

s=8TeV, ﬁ_dt =20.3 fb™

+ SM X Best fit

— Obs. 68% CL =~ Obs. 95% CL

Combined h— yy,ZZ* WW* tt,bb — Exp. 68% CL -~ Exp. 95% CL

Due to large measured

— —
—
-
-
-~

- — — —
-
-
-

Im|IIII|IIII|

I|IIII|IIII|IIII|IIII|IIII

H — vy rate ’ D
Measured limits are stronger S S,
- —__ .
than expected ones as . | T | | |
u>1e5<0 07 08 09 1 11 12 13 1.4
Ky
95% CL measured (expected)
Model ¢ < f>
MCHMA4 0.12 (0.29) 710 GeV (460 GeV)
MCHM5 0.15(0.20) 640 GeV (550 GeV)
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e Common scale factors: up /
* Several Two-Higgs-Doublet models predict x,, # kg
e.g. MSSM Rd

X
-
|

e Parameter of interest: A\ g = ku/Kqg

A: [ | T T | T T | T T 1 | T T 1 | T T 1 | T 11 | T 11 | T 11
<~ 4n__ ATLAS Preliminary ]
~~ 10 [>\‘ U’}\' uaKUU] .
S ls=7Tev, [Ldt=4.6-481b" e 1 Results:
o | {s=8TeV, [Ldt=20.3 fb" - Observed _
gl 's=8TeV, JLdt=20. e O Mgy € [~1.24,-0.81]7U[0.78,1.15]
- Combined H— yy,ZZ* WW*tt,bb P -
- | i _ +0.24
B " \ : ,' " : ,' h kVu —_ 1 .2 1 _0.26
61— | p —
4_— """"" i T Atttk | iRty Ml L —_
L 1 | *3.60 evidence for coupling of H to
- 1 | d-type fermions (mostly from H—1r)
O_I 1 | | I I | | I\I\ Zl 11 | 1 1 1 1 | 1 1 1 1 | 1 1 1 /Illl L1 | 11 1 1 |_

> 15 141 05 0 05 1 15 o * No deviation from SM
N * Compatibility: 20%

du e e—— —

— 0.20
A = 0.95+020
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2 Higgs Doublet Model - Type 2 ATLAS-CONF-2014-010
, = 11885 Loub et WOodel - AL 140

* Type2: oioMTypell  ATLAS Preliminary
* one doublet couples to up-type, other to —— Obs. 95%CL s =7Tev:§tdt=4-6-4-8fb'1
. . X  Best fit s =8 TeV: JLdt = 20.3 fb™
down-type fermions (MSSM like) - B oL Comblned s 1,22
— = SM h— t,bb
<ol 10_I I I I L W T I I | T T\ ]
C [ Y/ _
_,CE y, ) L\
4 A , | o\’ q
3_ R ,' | ! \\
Coupling scale factor Type 1 Type 11 2 o O | %
Ky sin(B — a) sin(8 — @) 1k ' :
Ky, cos(@)/ sin(B) | cos(a)/ sin(B) : Lok
. . 0.4 ol
K, cos(a)/ sin(B) | —sin(a)/ cos(B) 0.3} \ : y
K| cos(a)/ sin(B) | —sin(a)/ cos(B) 0.2 |
| L1 | | | | | | | |

0.1
-1-0.8-0.6-0.4-0.2 0 0.20.40.60.8 1
cos(f3-a.)
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Limits on simplified MSSM ~ anasconezoionn [@)f

* Probed via couplings to
* \VVector bosons
* Up-type quarks
* Down-type quarks and leptons

u 10 I\ ¥ LI 'l LI LI UL LI LI LI

- =

g 9 E

8 ATLAS Preliminary E

e For tan(B) > - . @=7TeV,det=4.6-4.8 fo! _g
* limit on CP-odd Higgs @=8TeV,det=20.3 b’ =

6 —
HESSHS: Combined h — yy, ZZ*, WW*, tt, bb -

S —

°* ma > 400GeV obs. 4 Simplified MSSM [k, ¥, ¥ _E
(Mma > 290GeV exp.) 3 --Exp. 95% CL = Obs. 95% CL =

2 E

 Still large unexplored ’ 3
region for tan(B) <1 o O AN o WP ol > il %1'\1'7\:

No
S

300 400 500 600 700 800 900 1000
m, [GeV]
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[.epton vs. uark cou hn S
,Lepton vs. Quark couplings

e Parameter of interest:

* Assuming unified vector boson couplings

* Lepton coupling strength currently only constraint
through H—1r

Result:
Ac_ I I | I I I I | I I I I | I I I I | I I I I | I
< (AL ATLAS Preliminary i
10_ D\' !}\' 5K ] B
£ " =7 Tov, [Lat=as4s wheel Ty € [-1.48,-0.99] U [0.99, 1.50]
Ql - 4 — Observed .
Tl (s=8TeV, [Ldt=20.31b -
| Combined H— vv,ZZ* WW*tt,bb SV expected |
6 ] " . Vanlshlng coupllng to Ieptons ?
- i | excluded at ~40 level |
4 ~
- - * No deviation from SM
2 , — - * Compatibility: 15%
o i
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* Coupling scale factor parametrized by mass scaling parameter € and vacuum

expectation value M, where v ~ 246 GeV

-0.1 0 0.1 0.2 0.3

* SM couplings are recovered fore=0and M =v ms
ffi =1 M1+e
2
Ky.i = mvez
;‘ 320 _I 1 T T T 1 — T 1 T [ T T T T [ T T T T ] T T T 1 ] M €
G ATLAS Preliminary -
= 300 :_ E=7TeV,JLdt=4.6-4.8 b’ _:
280 |- Is=8 TeV, J Ldt = 20.3 fb”! _
- Combined h — vy, ZZ*, WW*, 11, bb -
260 [~ [e,M] —
‘; B X Best fit _
- 240 - + SM ] — : e
L2 B -+-Obs. 68% CL 1 | ®* No deviation from SM |
@ 220 —Obs. 95% CL - e Compatible: 1.5 |
© - ---Exp. 68% CL - - e —
200 [— —Exp. 95% CL —
180 :I l | l l l l | l l l l | l l l l | l l l l | l l l l :
0.4
S
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BSM: invisible / undetected decays

. SM coupllngs assumed: K; = 1 ATLAS-CONF-2014-009

_—

* Effective scale factors for gg — H and H — vy: Kg, Ky '

* New particles contributing to loops may or may not contribute to the total width,
depending on fit model.

2 (o
L . i ()
e Parametrization of total width: 1 = M

(1 - BRi.,u.) f

|
D _IIII|IIII|IIII|IIII|IIII| IIIIIIII |IIII| IIIIIIII _] ‘

“ 245 ATLAS Preliminary . M E Total W|dth flxed Total width free:
2.2F Vs=7TeV, [Ldt=4.6-4.8fb" « Best fit = ‘|1 015 1 OO+0 53
- Vs=8TeV, [Ldt=20.3 fb" — 68% CL = | _ +0. — . .

1 zf_Combined HLLW,ZZ*,WW*,ﬂ,bB - 95%CL Kg = 1'08—0,13 Kg —0.16
<E El _ +0.15 — +0.16
i - = L9 ke = LI77443
1o A % 1 | limits @ 95% CL:
1= T o~ . = - . .
0.8} [ = e No deviation from SM BRI-,U- < 0.41
o6 4 | e Compatibility: 18% BRi. .. <0.37
08 08 1 A1z 13 14 15 16 17 18 | with constraint from

Zh — 55 + EmlSS
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nggs portal to Dark Matter ATLAS-CONF-2014-010

. Decay into invisible partlcles may be
signature for DM

* Majorana WIMP:
* motivated by neutralinos

e upper limit on invisible
branching ratio (95% CL):

on Sp|n h—yy, h—=2Z*—4l, h=WW*—lvlv,
h—tt, h—Dbb, Zh—>||+E$'SS

* re-parametrized as WIMP-nucleon 10™ |
[ 1 DAMA/LIBRA (99.7% CL)  ATLAS (95% CL) in

& _39I_II| I IIIIIII| I IIIIII| I I IIIIII_
§ 107 ATLAS Preliminary |
* BRinv. < 0.37 (expected: < 0.39) Z 1041 -
o e \ _
104 l -
e translating into limit on (045 //////;%W//////;;;;;;;%;}' > S
WIMP nucleon scattering x-section B i
1074 Ns=7TeV, [Ldt=4.6-4.81b"
* H,WIMP coupling deduced dependent 10_4gi (s=8TeV, [Ldt=20.3fb"

1 I NS NN NN S O O e A A

scattering x-section via H exchange 5[ [ CRESST (95% CL) Higgs portal model:
10 [ CDMS (95% CL) s Scalar WIMP
B CoGeNT (90% CL) —~== Majorana WIMP
1 0-55 ——— XENON10 (90% CL) 222 Vector WIMP
——— XENON100 (90% CL)
I L LUX (95% CL)
10_ —I_Ill | | IIIIII| | IIIIII| | IIIII—I_|'
1 10 10° 10°
m, [GeV]
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Generlc models ATLAS-CONF-2014-009

o Prewously minimum number of free parameters to test speelflc aspects
* Now couplingsto W, Z, t, b, T treated independently

* For contributions to loops and the total width 2 models are studied:
* SM particles are assumed
* No constraints — only ratios of coupling scale factors can be measured

ATLAS Preliminary Total uncertainty ATLAS Preliminary Total uncertainty probing custodial
my, = 125.5 GeV + 10 + 20 my, = 125.5 GeV + 1o + 20 .
symmetry with less

Model: Kz, Ky Kpy Kp, K Mocizl; z;yz’ }‘wz’ 7“bz' }‘rz’ }\'gZ’ }‘tg’ Kgz y / ; . .
o, <13 | | u e | ~'|_~"| assumptions from SM
: : 27 Y 04| . e

k,=0.95'92¢ than before

2019 |- e : . :
; ; Ik, =0.80"01°
| : & g R R I ‘
+0.30
""""" | 19 I, ,1=0.3"%4
“ bz 03 O N e | | i

| e ji°NodeV|at|onfromSM |
hgso00fT | | e Compatibility: 13%

07397 J/ B e (assuming SM
L DTN L. ||l S e——— width / loops)

x, €[-0.80,-0.50]
U[0.61,0.80]

K, €[-0.7,0.7]

2.2
hg=0.0%e

q . agn
19 . o

; [ ]

 cir15.067 | . Compatibility: 21%
U[0.67,1.14] N . IKgZI=1.18J_'8::;i ,,,,, | s = (WIthOUt Constramts) !
-2 -1 0 1 2 0 05 1 15 2 e :

\s=7TeV fLdt=4.6-4.8 b Parameter value \s=7TeV [Ldt=4.6-4.8 fb" Parameter value
ls=8TeV fLdt=20.3fb" ls=8TeV [Ldt=20.3fb"
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Measured couplings - overview  ATLAS-CONF-2014-009

ATLAS Preliminary Total uncertainty
mH =125.5 GeV + 10 + 2()-

Model:xy,xe | . 5
P17 ky=1.1500] T A A 10
FS /A A ) A
+0. : ; ) .
KF=0.99_0_1; _____ T T e P Kz 7 boson coup]lng 095i8%g
Model: ... kyy - 7 | E ] _ 0'30
. =10% o 5 ; 25 Kw W boson coupling 0.68% 14
hey=0.8670101 TR S d . 1a
Model: 2y heps K2z ; | T Kt t quark coupling [—0.80,-0.50] U [0.61, 0.80]
Pgy=19% W =0.94014 E f
wz=0-94 5 59 Kb b quark coupling [-0.7,0.7]
Model: A, Ay, Kuy
Pg=20% My & Kr 1 lepton coupling [—1.15,-0.67] U [0.67, 1.14]
[-1.24,-0.81]U[0.78,1.15]
Model: &, Ay, Kqq
Pgy=19% k'QE
[-1.48,-0.99]U[0.99,1.50]
Model: kg, x, g
W =108 — S | — S—
[ S /- - | All measurements consistent with SM
k,=1.197001 S S AT ‘
Ky K., B 3 3 ‘ ithili i (0]
gﬂs(:;ilso/j B woe| ./ BR,<041 20 Compatlblllty of best fit betwe ad 21
BR ,=-0.167021 |/ @sskcL g — E—
-2 -1 0 1 2
\s=7TeV [Ldt = 4.6-4.8 fb” Parameter value

s =8TeV [Ldt=20.3 fb"
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Summary
}m R .= —

* Higgs boson couplings measured from 5 input channels

* Several coupling scenarios tested:

e Compatibility with SM 9% - 21% (within 20)

e Overall signal strength: 1t = 1-31:8:%?

* Coupling measurements used to set constraints on various BSM models
 Composite Higgs, simplified MSSM, mass scale deviation, DM

* Most measurements statistically limited

* Run Il will be exciting :-)
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BACKUP




Additional EW mglet

}m

* Adding EW singlet fleld to SM Higgs doublet

ATLAS-CONF-2014-010

-

e 2 CP-even Bosons: h (light) & H (heavy) (non-degenerate)

e Couplings to SM particles modified by common scale factors k & x

e unitarity contraint: k2 + x 2=1, wherex 2=1 - up

Upper limit @ 95% CL

(assuming physical boundary k=2 0):

Kristof Schmieden

BI:{H new

respectively

ATLAS Preliminary EW singlet
Vs =7 TeV: [Ldt = 4.6-4.8 fb” Obs. 95% CL
/s = 8 TeV: |Ldt = 20.3 fo” - = = = Exp. 95% CL
Combined h — yy,ZZ* WW*ctbb  — — SM
1§ \gﬂ - [ I IW\IMM I T T :
- 0.95— g
0.85 |\
0-7;_ ““ ‘\\‘ I _:
0.6 —| -
0.5 1\ W\ : - E
04 ;_l j‘: ‘\ . ‘jw‘ e . :‘: -
035 W\ 4 ke 1 |
0.2l W\ R e R T
01:—| Y \‘ \\?‘\‘ \\Q@\ ot X ~ % = A =
O: I‘) ] \O\‘,I ] ] ] N L\ TN |
0 ; 0.2 0.4 0.6 0.8 1
Allowed region |
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Analysis strate

e Each analysis is further divided into categories that increases sensitivity:
* Different s/b for certain production-mode / decay compositions
* Allows to extract Higgs couplings to different particles
* Assumes standard model acceptances for categories

* Parameter(s) of interest extracted by simultaneous maximal likelihood fit

Example: — wgoF ®mVBF ®wWH mZH wmtH

H—yy categories —ATLAS Preliminary (simulation) ~ H— vy
Inclusive
VBF categories: Loose high-mass two-jet
large fraction of VBF  Tight high-mass two-jet
] Low-mass two-jet
low-my;, ET™s* and ET"* significance
lepton categories: One-lepton

large fraction of WH

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

i

The ATLAS experiment

SM precision measurements to
searches for new particles

The Large Hadron Collider * need very selective & efficient
| _ realtime event selection
* collides protons (and / or Pb ions) » trigger system
e 27km long, 40MHz collision rate i

* Run Period | (2010 - 2012):
* 50 ns bunch spacing

* Vs=T7-8TeV (pp)
e L <T-10%8em™ 257!

25m

* Run Period Il (starting 2015):
* 25 ns bunch spacing

¢ /s~ 13TeV (pp)
e £L~1.6-10>*cm2s7!

Tile calorimeters

\ ; LAr hadronic end-cap and
) forward calorimeters
Pixel detector

LAr electromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiafion fracker
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