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Discovery — Property measurement

ner-=r

S L ATLAS 2011 -2012
* Higgs discovery in July 2012 [Phys. Lett. B 716 (2012) 1-29] 8 (5=7TeV: [Lat=4.6-4.8 10"

ls=8TeV: [Ldt=5.8-591fb"

* Now in precision measurement era ] R e am—— )1
June 2014: 2-channel combined mass measurements £ S N A i
[Phys. Rev. D 90, 052004] I - — )
H—Yyy /% e N N
June 2015: boson channel combined spin/parity R TURT T E Y '1':',,5‘:“"1‘;1(',' 45150

measurements [arXiv:1506.05669] m, [GeV]
H — YY/ ZZ>’< /\/\/W>!< Coupling ATLAS Vs=7TeV,45-4.7b"

68% CL: milm  \/5-8TeV,20.3fb"
95%CL: ——

July 2015: multi-channel combined coupling measurements A AN RS et
[arXiv:1507.04548] Koz = 1184016 he
H— yy/ ZZ>’< /VWW< / TT/bb/ Zy/ uu Azg= 109832 Eal

AWZ (S [—1 .04, —081]

< 77 I T ‘ ‘ |7 < 30 ‘ ‘ T[ ‘ N[YYY‘NNN[YYY T 4-:7
£ r ATLAS e Comblned yy+4l ] s [ ] u[0.80, 1.06] :
N ] [ ATLAS H— ZZ* — 4l i _ _ :
-G#lesxﬂ::::f;ﬁ; —fen o1 T RO | m
-° ﬂ- =Y —H-=ZZ"— 4] . L Observed s =8TeV, 203t i U[1 .03, 1 .73] :
e ithout systematics - C Expected: - ] i
5 nout SySIemenes. b s siengin o date o] Apz=0.60+0.27 -
E E oo Expected: SM ] 0.23 E
‘t El - CP/P ] Az = 0.99%5; -
- ] 15/~ a”ty . i 019
3 — e A (95%CL) Ayz<2.3 :
- . 10 ] ;
ol = \ A Ayz=0.90 +0.15 -
1 —tto ST ] (95%CL) Azyz< 3.2
E . § I: [ 1 1 | ‘l\M/ /:l‘ : : l 7 l ‘ ‘ i my =‘1 25.36 (?eV
it ' ] O L L L L‘{‘llllllllll S I N N S A N N S N N A |
04 123 1235 124 1245 125 1255 126 1265 127 1275 8 6 4 -2 0 2 (],(_4 /K6).taia o _q 0 1 o 3
m,, [GeV] RS Parameter value
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Plot Sample: measurement results

ATLAS

Measured Value 68% CL: i \/_=7TeV,4.5—4.7fb_1
95%CL: ———  1/s=8TeV,20.3f0""

L L s
\/ '
+0.23
Mggr = 1.23_ 45
Myver = 1.23+0.32 4:*—

: Central Value

Myy = 0.80+ 0.36 4*;

U= 1.8110.80 —4—
/ g / my = 125.36 GeV

AR A S 3
20 error lo error| Signal strength (u)

Ref: arXiv:1507.04548
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Plot Sample: | D likelihood scan
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E - ATLAS [K, KKz, BR. ]
o | ] VIR Zy i.,U.
m | Vs=7TeV, 4547 eaea SM expected
= 25 Vs=8TeV, 2031 — Observed
e B
N 20—
15—
.. | O error
10,
C . 20 error
5 \ é"o‘
| | | | | | | | | s - | | | | | | | | | | |

-0.8 -0

Ref: arXiv:1507.04548
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Plot Sample: 2D likelihood contour

ner-=r

L 2_2 | I | | I | | | I | | | I I | | | | I I
2 | x Standard Model |
o[+ Bestfit ATLAS _
- —68% CL \s=7TeV, 4.5-4.7_}‘b’1 N
1 gF --95%CL \s=8TeV, 203" -
1.6 —
i N E
1.2 —
1_ “““““ ]
0.8  eee e Central Value _
0.6 mH=125.36G|7€ -
_I 1 1 1 1 1 1 | 1 1 1 1 | I I | | 1 1 1 1 | I I | | 1 1 1 1 | 1 1 1 I—

0.9 0.95/1 105 11 1.15 12 125 1.3

Ky

20

Ref: arXiv:1507.04548
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Common signal strength ()

Contribution from ttH searches assigned
to all decay modes except UM and Zy

ATLAS :;’((if,astgz,c_ Total uncertainty
m,, = 125.36 GeV theory +loonu

— o(theory)

+0.23 .

 Common signal strength: ratio of measured
H =y o

_ signal event yields to SM expectation,
w= 14702 2 | T accounting for all production and decay
modes

+0.35 : :
H 2z o | I
+0.40 |-0.13 : f
u= 1 46 +0.18 . :
-0.34 |-0.11 L o
+0.16 .

H - ww*
+0.17
w=1.18"24 |04 |
-0.21 |-0.09 L o

+0.30 :

H— 1t -0.29
+0.29

= 1.447042 102 | :
-0.37 |-0.10 L i

+0.31 . ]

H — bb “ost
w=0.63"0-99|0%

ol |l .../ « Combined result includes 7 decay channels:

H = o
07

eoryll FEY , S = 1.18 £ 0.10(stat) = 0.07(exp) " on (theo)

—
_|
—

- The most precise measurement

. - No straightforward physics mode
S interpretation, especially for 4 >

1)

+4.3

H =2y oy ; L
w27 i 11 * Compatibility with SM expectation(p=1) is
Combined ot ' L | 8%

|_
: fHH
+0.15 |-0.10 : :
u=1.18 +0.08 ; 5 ;
0t4l-oor | . HEL L
I

+0.10

Vs =7TeV, 45-4.7 fo -1 0 1 2 3

Vs=8TeV, 203 b Signal strength (u)
Ref: arXiv:1507.04548
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* Decouple signal strengths of different Higgs
production modes:

Gluon-gluon fusion (ggF, dominant)

Vector boson fusion (VBF)

Associated production with a vector boson
(WH/ZH)

Associated production with a top pair (ttH)

* Assuming SM Higgs decay branching ratio

'» o Results consistent with SM at <20
Ref: arXiv:1507.04548 | ATLAS

68% CL: wesfumm \/S=7TeV,45-4.7f0"
95%CL:  ———  4/s=8TeV,20.3f"

l l
LHC HIGGS XS WG 2012

0.23
Hggr = 1.28195

o(pp — H+X) [pb]

Myer = 1.23+0.32

—:*—
o Uyy = 0.80 % 0.36 | —mtimn———
; : - —

: my=125.36 GeV
N AT SRR SR R -

20 0 o b b b b L PRI
1080 100 120 140 160 180 200 Ref: LHC-XS-WG TN

M, [GeV] Signal strength (u)
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSections

\ A
f T [ ] [ ] [
4. Boson and fermion-mediated production
@
S
T T BEEREUARRRRERS ] . : :
3% o % Sorcaatione AtLas 1« Categorization of Higgs production processes:
- —68%CL : s—8TeV 203" .
SE ool eTeREIT 4 . Boson mediated (VBF, VH)
af P IR
— : ' —_—H -2z . .
o _f\ Hobh - Fermion mediated (ggF, ttH)
: SN —Hen
2F @\\ e 3o Assume: Piggr = Plun, Hiver = pivi
1= = : _
g -_3_\.k.+.-+\, - 1 * SM expectation within 68% CL contour of
O__ “_.‘. mmma —]
E N 1  most of the measurements
TE m-t12s36Gev e ]
_2‘.||.I....I....I....I....I....I....I....I...u‘
-2 -1 0 1 2 3 4 5 7
f
ggF+ttH
ATLAS ] * Relative production cross section Migr
68% CL: == \/S=7TeV,45-4.71b
95%CL: ———  \/s=8TeV,20.31b" +ttH / HfVBF+VH
Ry=05670% —=— * Reduced to production cross section
+1.20 : . . . . e .
Azz = 01875 =i ratios in individual channels (branching
_ +0.80 : .
Ry - = 147054 T ratio canceled)
R = 081155 ——
_ +1.03 f f —_
Ao = 038025 = MggF+ttH/ HvBFR+vH — HggF+ttH / WVBF+VH
R Gombined = 0-967057 T
: my = 125.36 GeV
TS 0 es T 1S 0'2\/BF+‘\2/.I-?/Ugg?:+ttH3.5 R@f:’ arXiv:1507 .04548

"~ [ovBF+VH /OggF+tttlsm
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Higgs production and decay modes

ner-=r

' ; T .
g; BRf — g(gg —~ H — WW*) X ( o ) % < f > Ref: arXiv:1507.04548

OggF L WWH*

Vs=7TeV,45- 47"
* The ratios of cross sections and branching ATLAS Vs =8TeV,20.31b"
: . . mss= Observed: 68% — Observed: 95% SM prediction
ratios can be disentangled without any e SR Oheerean & TR
assumption

o(gg - H—- WW?) ——
- Only product of production cross section
and decay branching ratios are measured OvBFOggr ———

* gg>H—>WW* is chosen as reference due to
its smallest statistical and overall uncertainties 9zH/Oggr | =—s—ffp——r

* Evidence of non-dominant production modes T/ O g
(excluding ratio = 0): ol -
- VBF: 4.30- (eXp. 3.80-) /_ZZ*//_WW*  ce—
- WH: 2.10 (exp. 2.00) Fdl - B B
- ZH:0.90 (exp. 2.10) Fodlwwe e asGev
- ttH: 2.50 (exp. |.50) T T R T N TR S T

Value normalised to SM prediction
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Models for coupling measurements

NP r—»

* Higgs coupling to other particles is proportional to Mermion ©F Mboson?

* Leading order tree-level motivated framework, with assumptions:

- Signal in different channels originate from single resonance
- Narrow-width resonance, which justifies zero-width approximation

- Lagrangian tensor structure is the same as SM Higgs ( J°=0*)

* Coupling strength parametrized via scale factors K; w.r.t SM cross
section or partial decay width

zF O'Z-SM°F5M /{22/{2
o-B(i%H%f):O - / ( /

FH F%M Iﬁ)%{
2 Ui 2 L'y 2 > Ty
where k; = K} = —a77 Koy =
? O'fM f F?M H ZF?M
Production Decay Total width
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Fermion vs. boson coupling (1)

2 A | 2+ Higgs couplings to fermions (K¢) and
3 s=7TeV, 45-4.7 o — . .
I oo oA <4=— bosons(Kv) are essentially different
— m, =125.36 GeV B
1 < * Ky and Kg are expressed in terms of tree-
oF E level coupling factors (no BSM
E S : :
‘17/7 7~ \:. E contribution)
_2b H:w =
/ =t K2 2 0.07K % g + 1592 gy — 0.66k prir)
—3: * S —68% CL Hobb 3
_4:. -ll-I?e?t fit I 95/ CL 1 0.0, . |;|(|301nblin(?d . ) ) ) .
04 06 08 1 12 14 16 18 e Ke-Ky relative sign: ambiguity reduced by
P B leV interference from W- and t-loop in
< ' Standard Model A TLAS . . —~
o +Bes s H—YY, negative disfavored at ~ 4.00
1.8 -==95% CL s=8TeV,20.3f
160 ky = 1.09+0.07 5p = 111046 ° Assume no BSM contribution to Kn (total
14 e T width)

1.2

k% = 0.25K% + 0.75K%

o*
.
.
.
*
.
.
.
-
.
-
-
. -n
......
- =
........
---------------

—
I|III|III|III|III|III|III|III|III
’Q
-
-
.
-+
*
A\
.+
.
.
.
.
-+
-
-
-
.#
I|III|III|III|III|III|III|III|III

0.8 o ofe . . .
0.6l - 12530 cov » Compatibility with SM prediction: 41 7%
09 '.6'5' ST 05 T4 745 12 125 13 Ref: arXiv:1507.04548
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Compatibility with SM prediction:
* Kv < 1:99%
* off-shell: 29%

Fermion vs. boson coupling (ll)

ATLAS Vs=7Tev,45-47ib"

\/s=8TeV,20.3fb™"

68% CL: sl ——

95% CL.: —
Ky < 1 Kon = Koff BF]’,’_,U_ =0

T | L ! L | T 171 | L | T T

(95%CL) Ky > 0.93 H

Ky =1.13353 5
ky=1.09+0.07 :""
= + '
Kp=1.05+0.16 i
KF= 1 1 7—016 :
kF=1.11+0.16 ""_:
(95%CL) BR;, <0.13L_ 5
(95%CL) BR;,, < 0.52 :
¢ '
oo +027 ;
SM ~ 1.07 07 N —
H /—H _1 38+135 '
sw = 1.96_031 '
A =1 23+0.30 _—
om = 1-29-026 :
11 . | I I |

my = 125.36 GeV
L1 1 1 | 1 1 | | |

0 0.5 1 1.5 2 2.5

Parameter value

* Add BRi... as a free parameter to the
Kv-Kr model: allow variation in SM
coupling and the total width, with

additional (weaker) constraints:

2 K%{,SM(K‘U KF)

“H = "1-BR; )
- kv < |,OR

- Kon-shell = Koff-shell (coupling strength of
off-shell Higgs from H = WW*/ZZ*
above 2mw/2mz)

* Weaker constraints on Higgs width
from off-shell (95% C.L on BR; .):

- Kv < |:BR;,u.<0.13

- off-shell: BR;,,.< 0.52
Ref: arXiv:1507.04548
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Fermion vs. boson coupling (lll)

- *I |St|an|déré Moldlell T T | T | T T T T | T T 1T | T T 11 ] A> 30 _l T A TlLA|S T T 1T | T 1T | L | T T 1T | T 1T | L | |||||||| ]
- . ATLAS . - B [Kyvihey] i
|+ Bestiit S=7TeV, 4547 " ] ‘2’ [ Vs=7TeV,4547fH" e SM expected i
1.6— —68%CL S=r'¢ 2 25— Vs=8Tev,203 1" — Observed —
- .- 95% CL Vs = 8Ter_03fb15 . £ - ]
i ] ~ - -
1.4:— """"""""" )\FV o 1 02 —0. 13— 20:_ _:
: ........... - _|_0 14 : ““ :: :
1.2 ~Hyy = 107103 - 151 -
1 - 10 -
0.8 - 5 \ =
~ m,=125.36 GeV i N X\L// -
| 11 | | I I | | L1 1 1 | 11 | | | | | I I | | | I I | | N I 1 Y ) ' M N N A I A | | | T | | L1 11 | 1111 | 111 || |||||| ||||||||||
0'8.7 0.8 0.9 1 11 12 13 14 15 2.5 —2 -15 -1 -05 0 05 1 15 2 25
Kvv My

k%~ 0.25k%(+ 0.75k%

™\

* Remove the assumption on Ky, which provides strong constraint on the
fermion coupling

ARy = %F//iv, Ryvy = %%//%H

e Compatibility with SM prediction: 4 1%
Ref: arXiv:1507.04548
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N A A
N L Fermion coupling sector

B ,\/4 A

S

............ SN S —— * Up-down-type fermion symmetry: test

ATLAS uuhyuhg . .
G-TTeV4SATEH! e oo extension of Standard Model (certain
Two-Higgs-Doublet Models)

N € P 08, 0BT, 104
' >\du — /id//{u
- Compatibility with SM prediction: 51%

- Evidence of Higgs coupling to down-

Q5% -15'—1 —05 D 05 1 15 2 25 t)’PE’ 450-
xdu
—~ 30 L AL DL L AL L L BN UL L IR
< (g vgig] ]
< o5 7TeV,45-47f%" e SM expected ] I I
c 8 TeV, 20.3 fb™ —_— v ] -
£ e Ctarved : e Quark-lepton symmetry

Nig € [~1.34,-094] U [0.94,1.34]
20 :

— Aig = Ki/Kq
- Compatibility with SM prediction: 53%

15

10

- Evidence of Higgs coupling to lepton:
4.40

5

.
. .
. .
‘ .
.
L
.
.
\ / ;

T N R\ WS
%5 —2 —15 -1 —05 O 05

Ref: arXiv:1507.04548
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BSM contribution to loop processes

Ref: arXiv:1507.04548

V/Z
£/
ATLAS Vs=7TeV,45-471"
68% CL: i /e 8TeV, 20310 g Kg H —====- At/ KY’KZY
95%CL: ———
BR;, =0 t/b
t/b A g /7
k,=1.00%£0.12 ——— -
Kg=1.12+0.12 - g
(95%CL) Kz, < 3.3 i
i my = 125.36 GeV ) ] gl v
ST TN T * Higgs loop-induced processes are very

Parameter value sensitive to heavy unknown particles:
b Bt e promising probes for potential BSM
~ — = Standard Model =
17 et Pl contribution
1.6 ...o5% oL Vs=8Tev, 203" —
N E - Effective coupling to gluon(Kg), Y(Ky) and
1.4 —
1.3F = Z2Y(Kzy)
1.2 = : :
£ E - Assume no BSM contribution to all other
1 = couplings (scale factors fixed to |) and
g;_ E decay width

Y * Compatibility with SM prediction: 69%
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BSM Contribution to total width and loop processes ()

ATLAS \s=7TeV,45-47fb"

68% CL: wetlbm \/5=8TeV,20.3fb""

95%CL: —
e iAMaaaas * Add BR; .. as a free parameter to allow
Ky = 1.0040.12 i variation of total width
i 2
Ky = 1.12°014 - L2 ’{H,SM(la'%gali%'%Z’y)
s "=
(95%CL) Kz, < 3.3 oo (1 o BRi-,u-)

@5%CL) BR., <027k | - Effective coupling to gluon(Kg), Y(Ky) and
Fu o asona| T ........................................................................ Zy(sz)

i = = 103703 —
e e e - Assume no BSM contribution to all other
| couplings (scale factors fixed to |)

)

30 |||||| I T T T I T T T I T T T I T T T I T T T I T T T

%; 25g l\("\TgévS454.7fb" [----(“J-SZME::('ﬁthed g * ConStraint on Higgs Width mOStly bYVBF
- — Vs=8TeV,20.3fb" — Observed ] .
R : and VH production: BR;,,. < 0.27 (95% CL)
o 20— ki
a3 i * Compatibility with SM prediction: 74%
S R
3 06 04 05 0 02 04 06 08 Ref: arXiv:1507.04548
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BSM Contribution to total width and loop processes (ll)

Compatibility with
SM prediction:

e Kv<1:96%
o off-shell: 64%
(95%CL)

Ky > 0.85

0.25
Ky = 1 .08t0_11

kKr=1.01+0.19

K= 1.08"0%

Ky=1.00+0.13

Ky = 1.0525%3

+0.21

Kg=1.13207s

Kg=1.18 8:1325

(95%CL) Kz < 3.3
(95%CL) Kz < 4.3

(95%CL) BR;, < 0.27
(95%CL) BR;, <0.54
r +0.34

I—SM
H /' +1.45

ATLAS Vs=7TeV,45-47fb"
Vs=8TeV,20.3""

68% CL: il

95%CL: ——

Kv<1 Kon=Koff
IIII|IIII'IIII|IIII|IIII|IIIIIIII

-

__:.__

—+—
—;_7
o i

_'*7

my = 125.36 GeV
IIII|IIIIIIIII|IIII|IIII|IIII|IIII
O 05 1 15 2 25 3

3.5
Parameter value

* Add BR,.. as a free parameter to the

Kv-Kr model: allow variation in SM
coupling and the total width, with
additional constraints:

- Kv < 1|,OR

- Kon-shell = Koff-shell

* Simultaneously probe BSM contribution
to loop induced processes via effective

coupling Ky, Kz and Kzy

* Weaker constraints on Higgs width
from off-shell (95% C.L on BR;,.):

- Kv < |:BRi,..< 0.27
- off-shell: BR;.,.< 0.54

Ref: arXiv:1507.04548
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Generic model I: SM loops and total width

A TLAS \Vs=7TeV,45-4.71"

* Generic model of tree-level coupling

Kw assumed positive || $8%CL: Vs =8TeV,20.3fb™ : :
™ HMEE POSIEVE fleswect: o | factors, with 2 assumptions:
y convention e e I
\\ * No BSM contribution to loop-induced
Kw=0.91%+0.14 :
’ processes

Ky € [-1.06,-0.82]

.84,1.12 . . .
u10.54,1.12] * No BSM contribution to total width
Ki= 0.94 +0.21 E
Ky € [-0.90, ~0.33] * Compatibility with SM prediction: 57%
U[0.28, 0.96] i
Kr € [-1.22,-0.80] N N
u[0.80, 1.22] E|: C ATLAS ;o
(95%CL) |k <2.28 % 1_ ls=7TeV, 4.5-4.7 fo' ZI‘_
m”=|125'3?GeV| o ° - [s=8TeV, 20.3 it e A
"""""""""""""""" |> B W
2 15 -1 05 0 05 1 15 2 & o1 — Observed i
Parameter value “ E --- SM Expected g -
* Reduced coupling strength scale factor: :
. 102 AT E
linear ~ m; : If
L ."' T
mrg g ™my 4 I b
— . ) . = . ? //
:yjii '_'/ffﬂ% Z/vCZ T \/f5VCz y 103? b —
: I‘;‘I‘l“i | I 111 | | | | |

* V:vacuum expectation value of Higgs T a0

Particle mass [GeV]
field Ref: arXiv:1507.04548

—

Q
—_

—h
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|
1

Generic model ll: variation in loop and total width '

i Vv D
5 A\
N
+
i J
' |
\ J
| Sy
- Y
N A
N '-__-"_.a".
“ M /
- 3

=7TeV,4.5-4.7f" .
ATLAS ﬁﬁT:V,ZO_Squ * Generic model of tree-level and
68% CL: —— —— . . .
PROL W<t Ken=kw  BRL =0 effective loop coupling factors, allowing
AR R N variation in loop processes and total
Kw / 1 width
. i
- e e Additional constraints when total width
K T ee—— .« . .
’ o B variation is allowed:
Ky e
Parameter 5 - kv < 1,0OR
boundaries |X* —— —
K, j - Kon-shell = Koff-shell
* Compatibility with SM prediction:
Ky - .
\ el - BRi.u.=0: 73%
Kg ,
Kz, —_— - Kv < 1:80%
.—7
BR; . [ESSS808058 o - Kon-shell = Koff-shell: 57%
/_H —_:—
TV = 125.36GeV  — mmt
I T | I I | I I l I I | I I | [ |
) -1 0 1 2 3

Parameter value

Ref: arXiv:1507.04548
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* Sign sensitivity

10

A_._, 20 _I | L | L | L | L | LI L | L | L ]
‘z’ 18 - ATLAS ., —Obs.tH ==+ Exp. tH ]
c : Vs=7TeV,45-4.7 fb = Obs. tH kg7 Exp. tH ko714 Kg K Kz,
= - (s=8TeV,203fb" -
N 16 — s ’ = Obs. tHkyg71,Kg —
1 - Obs. tH,KQQZH,Kg,Ky,KZY -
1 4 . __.

12§ pa

of K¢: negative solution

sign sensitivity

s |
6 K | :/Z
A \& /\ : . L
- “ / / - sign sensitivity
2 AN Iy . ..
—.|....|...Wr-."|'."...| n 1\ ea®" ....| . precision Ofth
0 5 i 05 0 0B 1

Ky

strongly disfavored at 3.10 (exp. 2.90)

* + resolve ggZH: little information on K;

* + resolve ggF: more precise K¢, but reduce

* + resolve Y and ZY loop: greatly improve

but little contribution to the

Ref: arXiv:1507.04548
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Generic Model lll: coupling ratios

Parameter
boundaries

ATLAS

68% CL:
95% CL:

\Vs=7TeV,4.5-4.7f0""
= /s =8TeV,20.3fb"

* Most generic model (coupling ratios) with no

S

assumption on loop processes or total width
2
>\ij — Iif,;/lij, Ri; = R /IiH

* Probe custodial symmetry:VV and Z bosons
have related couplings to the Higgs boson

guvv ~~ m%v / VEV

- Sign sensitivity from tH and ggZH
production modes: negative solution
disfavored at 0.50 (exp. 0.30)

~~

* Compatibility with SM prediction: 73%

Kgz=1.18 016 | -
Azg = 109738 ———
Apz € [-1.04,-0.81] — B
u[0.80,1.06] :
A € [-1.70,-1.07] g
u[1.03,1.73] §
Apz=0.60£0.27 .-
Az =0.99'073 ——
(95%CL) A,z<2.3
A,z=0.90 +0.15 -
I my = 125.36GeV
II|IIII|IIII|IIIIIIII|IIII|II
2 1 0 1 2 3

Parameter value
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Conclusion

B

* Higgs physics is in the precise measurement phase

e ATLAS combined mass measurement;

m )yt = 125.36 + 0.37(stat) + 0.18(sys) GeV
* Evidence of production processes:VBF(4.30), WH(2.1 0),
ZH(0.90), ttH(2.50)

* Coupling measurements are consistent with SM expectation at
the level of 20 or better for all models considered

* The combined coupling measurement of both ATLAS and CMS
experiment is ongoing.

* More precise measurement will be achieved with data from the
ongoing Run |l
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Measurements of the Higgs boson production and decay rates and

couplings using pp collision data at sqrt(s) = 7 and 8 TeV in the ATLAS
experiment
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Prerequisite: combined mass measurement
Ref: Phys. Rev. D. 90, 052004 (2014)

A,
> B L e N N R R < 7_I|IIII|IIII|IIII|IIII L IIII|IIII|IIII|IIII ]
3 : ¢ Daa = £ - ATLAS —— Combined yy+4!/ _
0 [ Hozzr 4 dsmmesesno VY gL Vs=7TeV [Ldt=45 b —— H—yy .
N B0 forrov fuaeesy ooz _ - - Vs=8TeV [Ldt=20.3fb" — H > Z7* —> 4] .
% o5 [ -oTe [iat=z051" %zyt@mtd“ ‘t'iy E 53— ------- without syster,natics _f
it C L _
B T2o
B0 90 100 110 120 130 140 150 160 170 et N NS N =
m,; [GeV] -, ” .
41 ,"_||||||||||||| T \ ||||||||||||||_
mij = 124.51 £ 0.52(stat) + 0.06(sys) GeV| _-*0558" 1535 724 1246 125 155.5 126 1265 127 127.5
> L L B e e ¢'¢¢ mH[GeV]
§ U e o ,gf*' * Precise mass measurement: a prerequisite of coupling
5\] o Mass measurement categories _sg I) adgrou . measurements
3 * Higgs mass: last unconstrained parameter in Standard
3 Model
3 - 41
] m)y T = 125.36 £ 0.37(stat) & 0.18(sys) GeV
* I[mprovements:
R S L« - Energy calibration — better mass resolution
m}; = 125.98 + 0.42(stat) + 0. 28(sys) GoV

- Analyses dedicated to mass measurement
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Coupling model parametrization

Production Loops Interference Expression in fundamental coupling-strength scale factors
o(ggF) v b—t kg~ 106« +0.01-«; —0.07 - kK5
oc(VBF) - - ~ 074 -k, +0.26 - &5
o(WH) - - ~ K%,
o(qqg — ZH) - - ~ K%
o(gg > ZH) v Z—t Kozn ~  2:27-k5+ 037 k7 — 1.64 - kzkq
o(bbH) - - ~ K
o(ttH) - - ~ /<t2
o(gb > WtH) - W~ ~ 184 k7 +1.57 - k3, — 2.41 - kkw
o(gb — tHq") - W—t ~ 34. /<t2 + 3.56 - K%V —5.96 - kikw
Partial decay width
Fb,; - - ~ K]%
I'ww - - ~ K%,
I'z7 - - ~ K%
- - ~ K%
L - - ~ K/%
r, v Wt K5~ 1.59- k5, +0.07 - k7 — 0.66 - Ky
Iz, v W-t Ky, ~ 112k, +0.00035 - k7 — 0.12 - kwi;
Total decay width
0.57 - k; +0.22 - k3, + 0.09 - &+
'y v ‘2/_ tt K%{ ~  0.06-«2+0.03- K% +0.03 - K2+

0.0023 - & +0.0016 - k5 +0.00022 - &

Z
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Statistical Procedure

o | ikelihood function constructed for each individual channel

systematics: nuisance
parameter (NP)

ne ~.
Lc(Delve, 8.) = Pois(nc|v.) H fe(Te.|0c) - HQP,C(CLP,CWP,C)
e p \

\
estimated central value of B,

expected evt # constraint on NPs

e.=1
observed evt # observable

 Combination by taking product of the likelihood of individual
channels and correlating systematics, if necessary

individual likelihood excluding constraint not simple product of gy

L(Dlv, 9)\:‘H EC(DC|V07 0.) ng(ap"gp) /

* Hypothesis testing based on the profile likelihood ratio

L(u, 8(p)) < conditional minimum for a given U
U: parameter of interest, e.g A ) — <

* signal strength (L) L(,0) ~——0 unconditional(global) minimum
* mass (mu) and mass difference (Amn)
* coupling scale factors A, K;

RPN
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Formulae for Various Measurements

NP r—»

e Likelihood for combined mass measurement: .
A(?TLH) _ L(mH M’YW(mH) :u4l(mH) H(mH))
L(mH :u*wa flar, 9)
* Likelihood for consistency check of mass measurements:
L(AMp, fiy (Amp), fa(Amgr), mig (Amp), 0(Amp))

(AmH [y s flals MV 9)

A(AmH)

* SM loop-induced processes:
iJ

o Yigiri T e {{t b} for £,

Y Zz] FZvjv(gg) oL WS for s,

* SM total Higgs decay width:
ke = Z/{i - BRsy (H — xx)

° . .
Expected event yield: nho = (Z wioisns X AL, x ¢ f> X s X Bpgy x L

— M= g
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