Lecture 8
Experimental Aspects of

Higgs Coupling Determination
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Couplings —

Present Status

| |
ATLAS Preliminary

W,ZH — bb
Vs=7TeV: [Ldt=4.7fb"
\s=8TeV: [Ldt=13b"

H— Tt
Vs =7 TeV: [Ldt = 4.6 fb"
Vs=8TeV: [Ldt=13 1"

H— WW" = Wiv

Vs=7TeV: [Ldt=4.6fb"
\s =8 TeV: [Ldt=20.7 fb

H— vy
Vs =7 TeV: [Ldt= 4.8 fb"
Vs =8TeV: [Ldt=20.7 fb"

H—zZ" — 4
\s=7TeV: [Ldt=4.6fb"
\s =8 TeV: [Ldt =20.7 fb”’

i m, =125.5 GeV

Combined
Vs=7TeV: [Ldt=4.6-4.81fb"
\s =8 TeV: [Ldt=13-20.7 fo”

w=1.30=0.20

-1 0

Signal strength (u)

+1

ATLAS: p=1.30 = 0.20

Combined
u=0.80=+0.14

H— bb
w=1.15= 0.62

H— 1t
w=1.10+ 0.41

H— vy
u=0.77+0.27

H— WW
u=0.68=+0.20

H— ZZ
u=0.92=+0.28

V\s=7TeV,L<51fb" ys=8TeV,L=19.6fb"

0

CMS Preliminary m,=125.7 GeV
Pey, = 0.65
i
S S —
- .
——
'R
| | | | | | | | | | | | | | | | | | | | | | |
0.5 1 1.5 2 2.5

BestﬁtcﬂosM

CMS: uy=0.80+0.14



Couplings — Present Status

[ATLAS-CONF-2013-034]

| | | | | | |
ATLAS Preliminary : my=125.5 GeV

W,Z H — bb
Vs =7 TeV: [Ldt=4.7 fo" ®
\s=8TeV: [Ldt=13 b

o pr = By/Bysm

Vs =7 TeV: [Ldt = 4.6 fb" °o—
Vs=8TeV: [Ldt=13 1" :

H—WW" = v :
Vs=7TeV: [Ldt=4.6fb" —o—
Vs =8 TeV: [Ldt=20.7 fb" : — cp — .

H - 1y ; = Hif = fi X [
Vs=7TeV: fLdt=48 " o e—

Vs =8TeV: [Ldt=20.7 fb" :

(*)
H—Z2Z" — 4l :
Vs=7TeV: [Ldt=4.6fb" ' e—
\s =8 TeV: [Ldt =20.7 fb”’ '

Combined w = 1.30 = 0.20 Measurements of the
Vs=7TeV: fLdt=4.6-481b" : o

\s =8 TeV: [Ldt=13-20.7 fo” Slgﬂa| Streﬂgth parameter U
| | | | | | |
-1 0 +1 for mp =125.5 GeV ...

- for the individual channels ...
Slgnal strength (M) for their combination ...

pi = Uz'/Uz',SM

ATLAS: p=1.30 = 0.20



Couplings — Present Status

[ATLAS-CONF-2013-034]

| | | | | | |
ATLAS Preliminary : my=125.5 GeV

W,ZH — bb

Vs=7TeV: [Ldt=4.7fb" ° 5

\s=8TeV: [Ldt=13 b 5

H—tt § /Lf—Bf/Bf,SM
Vs =7 TeV: [Ldt = 4.6 fb" °o—

Vs=8TeV: [Ldt=13 1" :

H—ww" - v :
Vs=7TeV: fLdt=4.61b" —a—

Vs =8 TeV: [Ldt =207 fo ,u — ,U“Lf — ILL’L X qu

H— vy

pi = Uz'/Uz',SM

Vs =7 TeV: [Ldt= 4.8 fb" L __e—
Vs =8TeV: [Ldt=20.7 fb" :
H—zZz" — 4l ,
\s=7TeV: [Ldt=4.6fb" _ e—
\s =8 TeV: [Ldt =20.7 fb”’ :
Combinec 1 =1.30 = 0.20 Signal production strength
Vs=7TeV: [Ldt=4.6-4.81" : . o
\s =8 TeV: [Ldt=13-20.7 fo” + fOI’ IﬂdIVIdua| deCay mOdeS "
| | | | | l |
-1 0 +1 Choose all y the same ...
Signal strength (u) Combined: p = pi = ps for all channels

Individual : p = ui = ur for particular channel only

ATLAS: p=1.30 = 0.20



Higgs Boson Production and Decay
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HIggs

Boson Search Channels

[arXiv:1209.0040]

Channel mu( GeV) ggH VBF VH ttH
ATLAS CMS ATLAS CMS | ATLAS CMS ATLAS CMS
H — vy 110-150 vV vV vV v : : : :
H— 777" 110-145 vV vV vV vV vV vV - -
H — bb 110-130 - - - - NV - V
H — ZZ%) — ¢Te—0te—  110-600 NV - - - - - -
H— WW® — ¢tu—o 110-600 v v Vv Vv Vv YV - -

Higgs boson search channels in the ATLAS and CMS experiments by July 2012.

The 4/ symbol indicates exclusive searches targeting the inclusive gg > H production,
the associated production processes or the vector boson fusion production process.



Categories for Coupling Determination

[September 2012]
>
Higgs Boson | Subsequent Sub-Channels f L_cllt Ref c%
Decay Decay [fb™"] O
2011 +/5 =7 TeV S
H — 27 4 (de, 2¢2u, 2u2e, 411} 48  [10] %
H — yy — 10 categories {p1; ® 17, ® conversion} @ {2-jet} 4.8 [11] %
H—> WW® tvey lee, ey, ) ® {O-jet, 1-jet, 2-jet} ® {low, high pile-up} 4.7  [12] =
TiepTlep {eu} ® {0-jet} @ (£} @ {1-jet, 2-jet, VH]} 4.7 N
{e, u} ® {0-jet} @ {EMSS < 20 GeV, EM™® > 20 GeV} [13]
H—rr TlepThad ’ GJB{e, 11 @ {1-jet} ® {£} @ (2-jet) 4.7
Thad Thad {1-jet} 4.7
Z — vy EF™ € {120 - 160, 160 — 200, > 200 GeV} 4.6
VH — Vbb W — ¢y p%v € {< 50,50 - 100, 100 — 200, > 200 GeV} 4.7 [14]
Z — p% € {< 50,50 - 100, 100 — 200, > 200 GeV} 4.7
2012 /s =8 TeV
H — 7Z7Z% 4¢ {de,2e2u,2ue, 4u} 5.8 [10]
H — yy — 10 categories {p1; ® 17, ® conversion} @ {2-jet} 59 [11]
H— WwW® evuy {eu, ue} ® {0-jet, 1-jet, 2-jet} 5.8 [15] i




Categories for Coupling Determination

[March 2013]

Higgs Boson | Subsequent f Ldt
Decay Decay Sub-Channels o Ref.
2011 +/s =7 TeV
H— 7Z% A¢ {de,2e2u, 2u2e, 4u, 2-jet VBF, (-tag) 4.6 [8]
10 categories
H=vy B {pTt ® 1, ® conversion} & {2-jet VBF} 4.8 7]
H— Ww® tvly lee, e, e, uu} ® {0-jet, 1-jet, 2-jet VBF)} 4.6 [9]
TiepTlep {eu} ® {0-jet} @ {€£} ® {1-jet, 2-jet, prr > 100 GeV, VH} 4.6
H o 1 TiepThad {e, u} ® {0-jet, l—jet., pT,TT' > 100 GeV, 2-jet} 4.6 [10]
Thad Thad {1-jet, 2-jet} 4.6
Z — vy EF™ € {120 - 160, 160 — 200, > 200 GeV} ® {2-jet, 3-jet} 4.6
VH — Vbb W — ¢y p?’ € {< 50,50 — 100, 100 — 150, 150 — 200, > 200 GeV} 4.7 [11]
Z — L p% € {< 50,50 — 100, 100 — 150, 150 — 200, > 200 GeV} 4.7
2012 +/s =8 TeV
H — 7ZZW 4¢ {de,2e2u,2u2e, 4u, 2-jet VBF, {-tag}} 20.7 [8]
14 categories
H=y - {pTc ® ,, ® conversion} @ {2-jet VBF} & {{-tag, Efrniss—tag, 2-jet VH} 207 7]
H—> Ww® tvly {ee, eu, ue, uu} ® {0-jet, 1-jet, 2-jet VBF} 20.7 [9]
H o 11 TlepThad {e, 1} ® {0-jet, 1—jet., PTr > 100 GeV, 2-jet} 13 [10]
ThadThad {1-jet, 2-jet} 13
Z — vy Efrniss € {120 — 160, 160 — 200, > 200 GeV} ® {2-jet, 3-jet} 13
VH — Vbb W — ¢y p¥v € {< 50,50 — 100, 100 — 150, 150 — 200, > 200 GeV} 13 [11]
Z— L p% € {< 50,50 — 100, 100 — 150, 150 — 200, > 200 GeV} 13

[¥€0-€102-ANOD-SV 11V]




—vent Numbers — eExample [Septermber 2012
[ATLAS-CONF-2012-127]
Decay Sub-channel | Nyps | (Np) | (Nggr) <(Nver) {(Nwu) <(Nzw) (Nun)
low-pr; | 7013 | 6820 | 138 6.3 3.1 1.8 0.4
H— yy high-pr, 320 | 291 | 14.0 2.9 1.8 1.0 0.4
2-jet 36 | 242 | 1.3 3.4 0.0 0.0 0.0
H— 77— 4¢ - 14 | 54 5.6 0.5 0.1 0.1 0.0
0-jet 667 | 573 | 75.3 0.8 0.3 0.4 0.0
H— WW® = fyty 1-jet 183 | 141 | 16.7 1.7 0.3 0.2 0.0
2-jet 3 3.7 0.3 1.3 0.0 0.0 0.0
0-jet 9277 | 9305 | 17.6 0.6 0.1 0.3 0.0
H ot 1-jet 393 | 406 | 3.6 1.0 0.1 0.2 0.0
2-jet 22 | 282 | 03 0.9 0.0 0.0 0.0
VH 164 | 152 | 0.7 0.1 0.2 0.3 0.0
b ZH 322 | 321 0.0 0.0 0.0 4.0 0.0
WH 1266 | 1311 | 0.0 0.0 11.1 0.0 0.0
|

Fall 2012 Analysis — Summary of the number of selected events, background
and expected SM signal contributions for a 126 GeV Higgs boson



Statistical Procedure

Likelihood

[depends on pi, MH ... ]

k 1+ bk)

N
e~ st 0) o Ty (51)
J

L(datalu,v) = H (145
k

Likelihood ratio ...
[and test statistic ...]

L(p, V)
_ ) TR _
Ap) = & g=—-2InA(p)
(,U y V u’)
Asymptotically distributed as a x? distribution with n degrees
of freedom, where n is the dimensionality of the vector p.



Statistical Procedure

Likelihood
[depends on i, M~ ...]
(ngl nal T bk)n _(nF -
L(datalu,v) = H 2 - e~ (Maigna1 t0k) o HT&‘J(VJ‘VJ)
k J

Likelihood ratio ...
[and test statistic ...]

A(u)zf((;f’gz,)) & q=—-2InA(p)

Asymptotically distributed as a x? distribution with n degrees
of freedom, where n is the dimensionality of the vector p.



HIggs

S0S0oN

nk

signal -

—vent Production

[ATLAS-CONF-2013-034]

Z LT sM X Af.‘f X gf.‘f X X Brsy X L
;

= analysis category

= production mode

= decay final state

= number of selected signal events in final state k
= iIntegrated luminosity

= production cross section

= final state branching ratio

= production mode signal strength

= final state branching ratio strength

= detector acceptance

= reconstruction and selection efficiency



Likelihood

—l
&)

x BB,

MVBF+VH

-2

B
Contour — (Uggr+ttH, HMversvh) Plane
[Note: pr = 1]
[ATLAS-CONF-2013-034]
L | L | L | L | L | L | L | L | L | L
— _— — Important:
I ATLAS Preliminary 4P
B ", | BRsdiffer for
_ Vs=7TeV: [Ldt=4.6-4.8fb" | different final states
B \s=8TeV: [Ldt=13-20.7fb" ]
B —H — vy + Standard Model_—
i —H->2zz" -4 X Bestfi ]
| — H—wWwW" - vy — 68% CL —
B \ H— 1t ---95% CL ]
- m, = 1255 GeV :
_I 11 1 | I I | | I | | L 1 1 1 | L 1 1 1 | L 1 1 1 | I .| | I | | I | | 11 1 I—
-1 0 1 2 3 4 S 6 / 8
u x B/B,,

ggF+ttH



Compatibility Test between Channels

[ATLAS-CONF-2013-034]

o(gg — H) «* BR(IH—yy) ~ UHeoFwiiHH— vy
0(qq" — qq'H) * BR(H—=yy) ~ [ogF+iiH:H—yy * MVBF+VH | UagF+iiH
(g9 — H) * BRIH = ZZY)  ~  pgepiimiriozzo
o(qq = qq'H) * BR(H — ZZY) ~  Uoopirm—zz0) - IVBF+VH | HagF+iiH
o(gg — H) * BR(H = WW)  ~ toor imnwwo
o(qq — qq'H) * BR(H - WWY)  ~  poor oy swwe - HVBF+VH / HegFiH
0(gg — H) « BR(H — TT) ~ UgeFiiH;H17

o(qq" — qq'H) * BR(H — 77) ~ [oeF+iiH:H—1r * MVBF+VH/ HogF+ifH

o(geF)-BR(H > XX)  o(1fH) - BR(H — XX)
osm(geF) - BRsm(H — XX)  osm(tfH) - BRgm(H — XX)

MooF+iiHH—XX =




Compatibility Test between Channels

[ATLAS-CONF-2013-034]

—H - wWW" = wiv
H— 1t

< _L_lll‘llIIII|IIII|IIII|.II.II|IIIIIIIIIIIII__
o 14r ATLAS Preliminary .
o 1ol (s =7 TeV: [Ldt=4.6-4.81" -
N \s=8TeV: [Ldt=13-20.7 fb” -

10:— my, = 125.5 GeV —:

B — combined —H —yy ]

- ---.SMexpected —H — 77" — 4 .

U /
VBF+VH ' ggF+ttH



Ratio of

Relative

Sranching Ratios

[ATLAS-CONF-2013-034]

(g9 = H) * BRIH=> YY) ~ HogksiiHH—220 * Pyy/ZZ
0(qq" — qq'H) * BRIH—=yY) ~  UeopiiimH—77¢% * MVBF+VH/MggF+iH * Pyy/ZZ

o(gg9 — H)* BR(H > ZZ™)  ~  pigepsimn—zz0)
o(qq — qq' H) * BR(H — ZZ™) ~ HooFiH:H—72* * MVBF+VH [ HggF+i7H

Pvyy|ZZ =

BR(H—vy)  BRgm(H — ZZ™)

X
BR(H — ZZ®™) BRsm(H— yy)




Ratio of

Relative

Sranching Ratios

[ATLAS-CONF-2013-034]

< 6_ T T T T T T T T | T T T T .I .I T T T | T T T T : T T T T ] < 6_ T T T |.: T T T T | T T T T | T T T T | T T T T | T T l"ol H
£ T ATLAS Preliminary ] £t : ATLAS Preliminary .
N Vs=7TeV: [Ldt=4.6-481b" - N Vs=7TeV: [Ldt=4.6-4.8fb" -
5F | . 5 S
B Is=8TeV: [Ldt=20.7 fo ] - s=8TeV: [Ldt=20.7 fb" .
L T B — e S S e —
C observed ] - — observed B
3 :_ SM expected _: 3; --- SM expected _:
2F = of- .
L - L R =
- my = 125.5 GeV - - M, = 125.5 GeV -
O|||||||.::;||||||||||||||||| O_,,,,|,,,“,~ R A T T
0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 2.5 3
pyy 1ZZ pyy / WW
< 6_ T T T "‘I T T T T | T T T T | T T T T | T T T T T T T T ]
< - : ATLAS Preliminary by
N Vs=7TeV: [Ldt=461b" ]
N (s=8TeV: [Ldt=20.7fb" ]
L S -
C — observed ]
L ----SM expected ]
3 ]
2 -
A i —
E m, =125.5 Ge\/\‘\ E
0 1 1 1 1 1 1 1 = - L 1 1 | 1 1 1 1 | 1 1 1 1
0 0.5 1 1.5 2 2.5 3

pZZ I WW



Global Coupling Fits
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Signal Cross Section

(0 -BR) (it = H— ff) = I
L'y
Oii = production cross section
[ # = partial decay width into final state ff
[ H = total Higgs decay width

Assumptions:

The signals observed in the different search channels originate from a single
narrow resonance with a mass near 125 GeV. The case of several, possible
overlapping, resonances in this mass region is not considered.

The width of the assumed Higgs boson near 125 GeV is neglected, i.e. the
zero-width approximation for this state is used.



Signal Cross Section

(0 -BR) (it = H— ff) = I
L'y
Oii = production cross section
[ # = partial decay width into final state ff
[ H = total Higgs decay width

Example:

Higgs boson production in the WH channel with decay to ZZ ...

Dress SM predictions with scale factors k;

to parametrize possible coupling deviations ...
Scale factors

[SM: K =1]
own X BR(H — ZZ) =
2 .2
= oppy X BRPM(H — ZZ) x -2
K H Scale factor

for total width ...



Higgs Scale Factors

K2 Production
modes

Detectable

Kyw decay modes

K (Kb7Kt7K17KW7mH)

= DN= DN

K

2
K(Zy) (Kb7 Kt , Kgy KW, mH)
2

S(zv)

Total width




Higgs Scale Factors

Interference
term
Gluon Fusion Cross Section:
2 tt 2 bb tb
2 o LS UggH (mH) T Kb ) UggH (mH) -+ KtKb - UggH (mH)
Kg (Kb, Ke, mH) = £t bb th

Ogert (MH) + Ogop (MH) + 0gop (M)
VBF Cross Section:

K\Z;v -owr(mu) +K% -ozr(mu)

owr(mu) + ozr(mpg)

K%/BF (KW » K7, mH) —

Partial yy-Decay Width:

Zi, j KKy [y (ma)

Zi,j [y (mm)

K?(KbaKtaK‘mKV\UmH) —



Scale Factor for Total Higgs Width ...

I (Ki, mu)
[y (mu)

RIQ{(’fiva) — Z

J

with | = WW, ZZ, bb, 1T, vy ...

But:

At LHC we do not measure the all Higgs boson production cross
sections; and we don’t measure the Higgs width, ['H !

Thus: need to use measured cross section to estimate k4 ...

Two possibilities:

Make assumptions on 'y > model dependent measurement ...
Make ratio of measurements, given that they are [ 1 independent ...



Recommendations on
Benchmark

Parameterization

[arXiv:1209.0040]

Benchmark parameterization without further assumptions and maximum degrees of freedom; not used.
[Black: common factors; blue: production factors; red: decay factors]

General parametrization allowing other couplings to float
Free parameters: kg7 (: Kg KZ/KH),MZ(: KY/Kz), AWz (: Kw/Kz), Ab7 (: Kb/Kz),Mz(: KT/Kz), Kzg(: Kz/Kg), th(: Kt/Kg).
H — vy H — ZZ® H—> WWH H — bb H—tth
ggH ng 1 Ny ng 1 1 ﬁz 1 A ng 1 A ﬁz 1 A2,
I L L . AL L AL A
VBEF gZ}“ZgKVBF(L MWz )y gZ%’ZgKVBF(l Mwz)1 gZ%’ZgKVBF(l? MWz )Mz gZ%‘ZgKVBF(l? Mz )My gZ}“ZgKVBF(l Mz )hiy
WH gz }\%g)\WZ 7\32 éz )\%g)\WZ 1 Kéz k%gsz k%vz éz k%ngZ 7\120z gz 7\%ngvz x%z
ZH Kéz }\‘%g }‘YQZ g;z }\‘%g 1 Kg;z }\‘%g k%vz Kg;z )\‘%g 7\%2 éz }\‘%g )@z

Simplest possible benchmark parametrization
where a single scale factor applies to all production and decay modes.

Common scale factor

Free parameter: k(= Kkt = Kp = Kr = Kw = Kz).

Hoy | H=>ZZ® |HWW® |Hobb |Ho oot
ggH
ttH
VBF K2
WH
7ZH




Benchmark

Recommendations on

Parameterization

[arXiv:1209.0040]

Benchmark parametrization where custodial symmetry is assumed and vector boson couplings
are scaled together (kv) and fermions are assumed to scale with a single parameter (k).

Boson and fermion scaling assuming no invisible or undetectable widths

Free parameters: kv (= kw = xz), K¢ (= kKt = Kp = Kq).

ZH

H — vy H—-7Zz® |H>WW® |H—=bb | Ho vttt
goH KF K7 (K6 KKKV ) Kf Ky KEK{
ttH iy () iy (i) iy (1<)
\\]A?IFI K%/"KY2 (Kf 7Kf7Kf7KV) K%/'K%v ﬁ
71 K12_I (k4) KIQ{ (k;) KI2_I (k4)
Boson and fermion scaling without assumptions on the total width
Free parameters: kyvv (= kv - kv /xu), Mv (= k¢ /v ).
H — vy H—-27Z® |H->WW® |H—-bb |H— vt
H
gt%H Ky - Ay K (v, Aev, Ay, 1) Ky My Kvv My My
VBF
WH | Sy - k5 (v, My, M, 1) Ky K2y Ay

2 SM
K; = Fii/ L'



Fermion vs. Vector Coupling

Standard Model only contributions to total width

Expressions for
Higgs production and decays:

(99 — H) «* BR(H— yy)

o(qq" — qq'H) * BR(H— yy)

o(gg — H) * BR(H - ZZ%,H - WW®)
o(q¢ — q¢ H) « BR(H —» ZZ%, H - WW®)

o(qq¢ — qq¢'H,VH) + BR(H — 11, H — bb)

[ATLAS-CONF-2013-034]

Ky = Kw = K7

R ITITITITITTITTTTTTTI ——

K (XF,Ky)

5

My B

0.75 -k

2
Ky

2
+0.25 - Ky

(KF, Ky)

>y

5

0.75 - K%

2
KFK

2
+ 0.25 - Ky

2
V

2 2
0.75 - k% + 0.25 - 3

2 2
Ky - Ky

2 2
0.75 - k2 + 0.25 - 1%

2 2

Ky - Kp

0.75 - K% +0.25 - K%/



Decay

Particle
Higgs Branching Ratios
Proton ) O ( ~
b-Quarks Higgs
57%
e c-Quarks Bgftiacxlle
3%

Z-Bosonen
3%
W-Bosonen
21%

Photonen
0.2%

Decays of the SM-Higgs
with mass 125 GeV ...



Fermion vs. Vector Coupling

Standard Model only contributions to total width
[ATLAS-CONF-2013-034]

LL _l | | | | | | | | | | | | | | | | | | | | | | "]
“ |F ATLAS Preliminary + SM -
3 Is=7TeV,[Ldt=46-48f" * Bestfit -
C \s=8TeV, [Ldt=13-20.7 fo? —— 68% CL -
- === 95% CL -
2 —
i e T
O -
I R G -
:l | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | I:

0.7 08 09 1 1.1 12 1.3

Ky



Fermion vs. Vector Coupling

Standard Model only contributions to total width
[ATLAS-CONF-2013-034]

LL 4_'"'|'lll|l|||||||||...,|.:..,.- ,,,,,,,,, 1 -
“ [ ATLAS Preliminary _Hobo C Ho
- s - JLdt = 4.6-4.8 o Cn M VIV
<] WiH — vy Ecombined !
- \s=8TeV,|Ldt=13-20.7 fb” + SM x Best Fit

06 0./ 08 09 1 11 12 13 14 15 1.6

Ky



Probing BSM Contributions

Standard Model only contributions to total width
[ATLAS-CONF-2013-034]

scale factors K, and Ky

Expressions for ki = 1 rest |
Higgs production and decays: e —
R
H) « BR(H ~
799 = ) BRU= YY)~ 085 12 +0.0023 -2 + 001
"

g ' /H * BR(H— ~
(99" — qq'H) (H—=7vy) 0.085 - k3 + 0.0023 - k5 + 0.91

K2

o(gg — H) « BR(H —» ZZW, H > WW%) ~ :
(99 ) ( ) 0.085 - k3 + 0.0023 - k7 + 0.91

1
0.085 - 2 + 0.0023 - &2 + 0.91
1
0.085 - 2 + 0.0023 - &2 + 0.91

o(qq — qq'H) * BR(H — ZZ",H - WW™) ~

o(qq¢ — q¢ H,VH) * BR(H — 177,H = bb) ~



2robing

BSM Contributions

Standard Model only contributions to total width

2.2

1.8
1.6

1.4
1.2

0.8
0.6

[ATLAS-CONF-2013-034]

I_| LI | | | | | | | | | | | | I | I_|_
- ATLAS Preliminary + SM e
- Vs=7TeV,[Ldt=4.6-481f" * Bestfit E
- {s=8TeV, [Ldt=13-20.7fp" — 68%CL -
- === 95% CL -
Izl | I I | | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 I;I-
09 1 11 12 13 14 15 16 17 1.8
K

Y



Future Prospects ...

My HOBBY: EXTRAPOLATING

AS YOU CAN SEE, BY LATE
NEXT MONTH YOU'LL RAVE
OVER FOUR DOZEN HUSBANDS,

) BETTER GET A
BULK RATE ON
WEDDING CAKE.




Higgs Coupling Prospects

[ATLAS-PHYS-PUB-2013-014]
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Higgs Coupling

Prospects

[ATLAS-PHYS-PUB-2013-014]
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Higgs Coupling Prospects

[Snowmass 2013; ILC Higgs White Paper]

Reconsideration of LHC projections by Snowmass 2013 ...
[using different assumptions how systematics evolve ...]

Best prospects given by CMS assuming ...
decrease of theory errors by factor of 2 ...
decrease of experimental systematics by /N ...

Ky Kw Kz Kg Kb Kt Kt Kzy Ky
S00 o ATLAS [813] [6.8] [7.8] [8,11] N/a [20.22] [13,18] [78,79] [21,23]
CMS [5,7] [4,6] [4,6] [6,8] [10,13] [14,15] [6,8] [41,41] [23,23]

3000 fb-" ATLAS [5,9] [4,6] [4,6] [5,7] N/a [8,10] [10,15] [29,30] [8,11]
CMS 2,9 [2,5] [2,4] [3,5] [47] [7,100 [2,5] [10,12]  [8,8]

ILC500 84 04 05 20 0.9 2.5 1.9 - -

ILC500up 4.4 0.2 0.3 1.1 0.6 1.3 1.0 - -

ILC1000up 2.3 0.2 0.3 0.7 0.4 0.9 0.7

O ORI
All numbers in percent. Snowmass Higgs Working Group Report
ATL-PHYS-PUB-2013-007

CMS NOTE-13-002



[Snowmass 2013; ILC Higgs White Paper]

Prospects

iNg

Higgs Coupl

B 000£011D

doov1ono

FERN

4 dn-000107I

20001071

dn-005D1I

........

0050711

lou1H

loosoHT

JAo18-OH

p ?
-

uoISIdaid Juawainseayy

B 000£0110

loov1oo

d3all

dn-00012I

Cieeend

-00SO71I

_ 00SO1I
OHT-TH

. 00E€OHT

B A218-0H

uoISIda.1d Juswainsea|y

3 000£211D

B 0ov1011D

~ FERN

2(dn-000107I

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

Bl ooorom

10™
102

uoISIda.1d Juswainses

3 0000110

B 0ov101D

FERI!

3 dn-0001L07TI

Jooorom

¥ dn-005o1

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

Bll005o1I

doH11H

l005oH

uoISIda.d Juswainsea|y



; ILC Higgs White Paper]

[Snowmass 2013

Prospects
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Physics Motivation

[Snowmass Higgs Working Group Report]

Non-Standard Higgs couplings possible due to new phenomena
well beyond the present mass scales ...

e.g. extra Higgs Bosons in a 2HDM ...

Snowmass 2013: Survey of effects forM =1 TeV ...

X

Model Ky Kb Koy ;

Singlet Mixing ~ 6% ~ 6% ~ 6% =

JHDM ~ 1% ~ 10% ~ 1% B
Decoupling MSSM  ~ —0.0013% ~ 1.6% ~ —.4%
Composite ~ —3% ~—-3=-9% ~—-9%
Top Partner ~ —2% ~ —2% ~ +1%

|

T —
Generic size of Higgs coupling modifications for new physicsat M =1 TeV ...



Higgs Self-Coupling Prospects

with
m, =nv° /2 and v’ =-u’/n

V, =’ ®®+n(dP) — %méhz + \/gmﬂw + gh“

mass term quartic
tri-linear coupling

Standard Model: coupling

Higgs self couplings follow from the Higgs potential after expanding the Higgs
doublet field ® around the electroweak symmetry breaking vacuum expectation ...

Trilinear coupling h .
via double Higgs production ... !

N Quartic coupling
) n ™ not accessible at LHC ...



Higgs Self-Coupling

I t,b h  _
%0 -9

t,by AlD
W - _

g t,b h\\
NLO: 0=341b +20 %

[mr = 125 GeV]

from QCD, PDF, EFT

Prospects

Destructive interference ...

opH depends on trilinear coupling A = mu-y/%2n ...

relatively large A-dependence
atmu =125 GeV ...

[Dolan et al., arXiv:1206.5001]

“n
~
~\
»,
>,
>,

10
LO
g at s =14 TeV
o 1
- Plehn et al.
O-L A =1xAgu
i A=0 X /\SM
001 | A=2XAsm
100



Higgs Self-Coupling

do/dprp [fb/GeV]

0.1

0.01

0.001

[Dolan et al., arXiv:1206.5001]

N A= —1X )\SM ----------- p
A =0 X Agpp =====----
A =1 X Agpp oo
_;-. -. A =2 X Agyp === 1
EJ:_—_ | B i -

-y, =125 GeV H
0 100 200 300 400
PT.h [GGV]

Higgs transverse momentum prn
good observable to identify kinematical region sensitive to different A ...

500

Prospects

Theory predicts:

Higgs bosons in
Di-Higgs production processes
naturally boosted prtn =100 GeV ...

Maximum sensitivity on
trilinear coupling A expected for

transverse momenta of pth ~ 100 GeV ...



ATLAS Study on HH > bbyy

[E. Meoni, Aspen, March 2013]

Many channels to pursue, since my = 125 GeV ...

Preliminary

Generator study
for HH > bbyy channel ...

> 120 < myy < 130 GeV
Tight myy and b-tag pr-cut S b amas Prelimlinarly (Slimullatioln) l_IHH;bBWI -
leave mostly ttH background ... % 15l fL 3000 15 -ET;E)YHLW) _‘
% : B vvii _ :
Selection: o L moa
2 b-jets with pr> 40, 25 GeV 10 ! -
2 isolated photons, pt> 25 GeV ! ]
Separation: ARyp > 0.4 - y
5- -
Expectation: | N |
With additional channels and - . L -
two experiments: 30% measurement. oL R
0 100 200 300

[see e.g. Barr et al. arXiv:1309.6318] m ;- [GeV]



Higgs Self-Coupling Prospects

Decay channel Branching ratio (%) Events @ 14 TeV (L = 3,000 fb™)

33.4084
24.9696
7.3638




