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The Higgs boson has been found
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* previous update in Moriond (in March)
— almost all bosonic channels have been updated with full luminosity

« also, final results from Tevatron! (arXiv:1303.6346)
very competitive for H—bb
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What we know about it

ItS mass
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What we know about it

signal strengths
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What we know about it

signal strengths

Tevatron Run I, L <10 fb
m,, = 125 GeV/c?

[ Combined (68% C.L.) ...but New Physics modify not
- ~— Single channel only the Higgs decays but
Hoyy - | - : also its production

s WW —H
> WW how can we use the

H— "t = = experimental information in a
correct way?

VH— Vbb [~ &%
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Best Fit (o x Br)/SM
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One example: ATLAS H—yy

What do we have in the conf note? [ATLAS-CONF-2013-012]
Abstract

Measurements of the mass and couplings of the Higgs-like boson in the two photon de-
cay channel with the ATLLAS detector at the LHC are presented. The proton-proton collision
datasets used correspond to integrated luminosities of 4.8 fb™! collected at /s = 7 TeV and
20.7 fb~! collected at +/s = 8 TeV. The updated measurements benefit from an increased
data sample and an improved analysis. The measured value of the mass of the Higgs-like
boson is 126.8+0.2(stat)+0.7(syst) GeV and the fitted number of signal events is found to be
1.65 + 0.24(stat)’_’8:%§(syst) times the value predicted by the Standard Model. Measurements
of the signal strengths in different production processes and a fiducial cross section for the

observed particle are also presented.
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One example: ATLAS H—yy

What do we have in the conf note? [ATLAS-CONF-2013-012]
Abstract
Measurements of the mass and couplings of the Higgs-like ATLAS Preliminary
cay channel with the ATLLAS detector at the LHC are presented H—yy
datasets used correspond to integrated luminosities of 4.8 fb™! | di-photon selection|
20.7 fb~! collected at +/s = 8 TeV. The updated measuremen B l
data sample and an improved analysis. The measured value ¢ One-lepton
boson is 126.8+0.2(stat)+£0.7(syst) GeV and the fitted number ¢ W(= MH, Z( IhH
1.65 + 0.24(stat)’_’8:%§(syst) times the value predicted by the Sta | l
of the signal strengths in different production processes and a| .. | | B significance
observed particle are also presented. W(- IV)H,lZ(—> W)H
Low-mass two-jet
W(= jH, Z(= i)H
...but this is the combination of several I High_mais " <
. . . g VBF enriched —
sub-categories with different sensitivity VTF
to the various production mechanisms [ (o emmer
ggF enriched
99F
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Ok, so let's have a look at the 14 sub-categories!
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One example: ATLAS H—yy

[ATLAS-CONF-2013-012]

—

ATLAS Preliminary

ILdt =207 fb”

H— vy

my = 126.8 GeV

Data 2012, s =8 TeV_:

Vs 8 TeV

Category Np Ns gg— H[%] VBF[%] WHI[%] ZH][%] tH [%]
Unconv. central, low pry 10900 51.8 93.7 4.0 14 0.8 0.2
Unconv. central, high pry 553 7.9 79.3 12.6 4.1 2.5 1.4
Unconv. rest, low pry 41236 | 107.9 93.2 4.0 1.6 1.0 0.1
Unconv. rest, high pry 2558 16.0 78.1 13.3 47 2.8 1.1
Conv. central, low pry 7109 331 93.6 4.0 L3 0.9 0.2
Conv. central, high pry 363 5.1 78.9 12.6 43 2.7 1.5
Conv. rest, low pry 38156 | 97.8 93.2 4.1 1.6 1.0 0.1
Conv. rest, high py 2360 14.4 77.7 13.0 5.2 3.0 1.1
Conv. transition 14864 | 40.1 90.7 5.5 22 1.3 0.2
Loose high-mass two-jet 276 53 45.0 54.1 0.5 0.3 0.1
Tight high-mass two-jet 136 8.1 23.8 76.0 0.1 0.1 0.0
Low-mass two-jet 210 3.3 48.1 3.0 297 17.2 1.9
ERS significance 49 1.3 4.1 0.5 357 47.6 12.1
One-lepton 123 29 2.2 0.6 63.2 15.4 18.6
All categories (inclusive) | 118893 | 395.0 88.0 73 2.7 1.5 0.5
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One example: ATLAS H—yy

Ok, so let's have a look at the 14 sub-categories!

Unconv. central
low P,
Unconv. central
high p.

Tt
Unconv. rest
low P,

Unconv. rest
high P,
Conv. central
low P,

Conv. central
high Py,
Conv. rest
low P,

Conv. rest
high p

Tt .
Conv. transition

Loose high-mass
two-jet

Tight high-mass
two-jet
Low-mass
two-jet

ET"™ significance

One-lepton

2012 data
combined

[ATLAS-CONF-2013-012]

ATLAS Preliminary

Data 2012, s =8 TeV

Ldt=20.7 fb"

H— vy

my = 126.8 GeV

Vs 8 TeV

Category Np Ns gg— H[%] VBF[%] WHI[%] ZH][%] tH [%]
Unconv. central, low pry 10900 51.8 93.7 4.0 14 0.8 0.2
Unconv. central, high pry 553 7.9 79.3 12.6 4.1 2.5 1.4
Unconv. rest, low pry 41236 | 107.9 93.2 4.0 1.6 1.0 0.1
Unconv. rest, high pry 2558 16.0 78.1 13.3 47 2.8 1.1
Conv. central, low pry 7109 331 93.6 4.0 L3 0.9 0.2
Conv. central, high pry 363 5.1 78.9 12.6 43 2.7 1.5
Conv. rest, low pry 38156 | 97.8 93.2 4.1 1.6 1.0 0.1
Conv. rest, high py 2360 14.4 77.7 13.0 5.2 3.0 1.1
Conv. transition 14864 | 40.1 90.7 5.5 22 1.3 0.2
Loose high-mass two-jet 276 53 45.0 54.1 0.5 0.3 0.1
Tight high-mass two-jet 136 8.1 23.8 76.0 0.1 0.1 0.0
Low-mass two-jet 210 3.3 48.1 3.0 297 17.2 1.9
ERS significance 49 1.3 4.1 0.5 357 47.6 12.1
One-lepton 123 29 2.2 0.6 63.2 15.4 18.6
All categories (inclusive) | 118893 | 395.0 88.0 73 2.7 1.5 0.5

6 8 10
Signal strength
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...but what about the correlations between
sub-channels? (not given by the
experiments)

can we safely neglect them?
probably not...
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One example: ATLAS H—yy

Hmm... is there anything else in this conf note? [ATLAS-CONF-2013-012]

In a second step, signal strength parameters for different Higgs boson production modes are intro-
duced to characterise their contributions to the observed excess. To further enhance the sensitivity, the
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Signal strength correlation: —0.27 oo
(—0.48 in CMS H—yy)
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One example: ATLAS H—yy

« grouping VBF and VH=(WH,ZH): usually OK (custodial symmetry)
» grouping ggF and ttH: OK for now (ttH is not precisely probed yet)

= ARRERRASE RSN IR R RN RN R
o  7F © Bestfit [Ldt=4.81b",\s=7TeV =
@ g —68%CL L E
X_ e 95% CL [Ldt =207 o™, is = 8 TeV 5
I 56 % sM - but we only have contours...
ﬁ.> 4f_ .............. —E
3f s 1 simplest option: fit Gaussian
ofF Y _ < measurements from one contour
13 . ' E
OF-ATLAS Preliminary "t everssoeet” < is it a good approximation?
- 2011-2012 -
1Em, = 126.8 Gev Hoyy
e by L b b b b s by g Ly o
_2-1 -05 0 05 1 15 2 25 3 35 4
no_ - xB/Bg,
[ATLAS-CONF-2013-012] gF+H
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One example: ATLAS H—yy

« grouping VBF and VH=(WH,ZH): usually OK (custodial symmetry)
» grouping ggF and ttH: OK for now (ttH is not precisely probed yet)

/ experimental 95% CL contour

but we only have contours...

simplest option: fit Gaussian
measurements from one contour

is it a good approximation?

O‘:,. © oo | thcJOWO \ ‘/ Seems fairly gOOd
05 1 15 2 25

extrapolated 95% CL contour
u(ggF + ttH, v7)
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2D pu plots from ATLAS and CMS

ATLAS CMS
= 10T L A B B LN g SMS Preliminary (s =7 TeV, L <51 fo! Vs-8TeV, L <1960
@ i ATLAS Preliminary - = 7 ' T+ How
< sl (s=7TeV: [Ldt=4.6-48f" _ g * Howw
T N (s=8TeV: [Ldt=13-207f" ] 3. i + H-2z
Z sl - 4l H - bb
g = —H-—=yy + Standard Model | | H— vy
= B . —H->2z2" >4 X Bestfit ]
4+ v H-ww -y —68%CL _
B H— --- 95% CL 7] B
2__ _ 2 =
of - _
oF E oF .
. m,, = 125.5 GeV - I
| WS B I B S SR S FU ST S | |
2 -1 0 1 2 3 4 5 6 7B/B 8 1 0 1 5 ; 3
X
[ATLAS-CONF-2013-034] uggF+ttH SM [CMS PAS HlG-lB-OOS] ggH, ttH

whenever possible, we check the validity of the Gaussian approximation
— usually fairly good (see backup slides!)
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Experimental data we use

ATLAS

Channel Signal strength p | my (GeV) Production mode
ggFF VBF VH ttH
H — ~yy (4.8fb™" at 7 TeV + 20.7 fb~* at 8 TeV) [1, 2]
p(ggF + ttH, vv) 1.60 = 0.41 125.5 100% - - —
u(VBF + VH, 19) 1.94 + 0.82 125.5 — 60% 40% -
H—ZZ (4.6 fb~1 at 7 TeV + 20.7 b~ at 8 TeV) [3, 2]
u(geF + ttH, ZZ) 1.50 + 0.50 1255 | 100% - - -
u(VBF +VH, Z7) 1.50 = 2.52 125.5 - 60% 40% —
H— WW (4.6 o' at 7 TeV + 20.7 tb~" at 8 TeV) [4, 5]
1(ggF + ttH, WW) 0.79 £ 0.35 1255 |100% - - -
p(VBF + VH, WW) 1.71 =0.76 125.5 - 60% 40% —
H—>bb(4.7fb T at 7 TeV + 13.0 b L at 8 TeV) [6, 2]
VH tag —0.39 = 1.02 125.5 — - 100% -
H — 77 (4.6 fb~! at 7 TeV + 13.0 fb~! at 8 TeV) [2]
u(ggF + ttH, 77) 2.31 £1.61 125.5 100% - - —
u(VBF + VH, 77) —0.20 = 1.06 125.5 - 60% 40% —

Table 1: ATLAS results, as employed in this analysis. The following correlations are included
in the fit: p,, = —0.27, pzz = —0.46, pyw = —0.18, p,, = —0.49.
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HEFTI Higgs workshop Béranger Dumont April 22, 2013



Experimental data we use

CMS

Channel Signal strength p | my (GeV) Production mode
ggFF VBF VH ttH
H—~y (5.1fb ! at 7 TeV + 19.6 fb~* at 8 TeV) [7, §]
u(ggF + ttH, v7) 0.46 + 0.40 125.7 | 100% - - -
1(VBF + VH, vv) 1.68 + 0.87 125.7 - 60% 40% @ -
H—ZZ (51fb" at 7 TeV + 19.6 fb~" at 8 TeV) [9]
u(ggF + ttH, ZZ) 0.98 + 0.46 125.8 100% - — —
u(VBF +VH, ZZ) 1.07 + 2.37 125.8 - 60% 40% @ -
H— WW (up to 4.9 fb~! at 7 TeV + 19.5 fb~! at 8 TeV) [10, 11, 12, §]
1(ggF + ttH, WW) 0.78 + 0.23 125.7 | 100% - - -
u(VBF 4+ VH, WW) 0.33 % 0.70 125.7 - 60% 40% @ -
H — bb (up to 5.0 fb™* at 7 TeV + 12.1 fb~' at 8 TeV) [13, 14, §]
VH tag 1.3175:58 125.7 - - 100% -
ttH tag —0.157282 125.7 - —~ - 100%
H— 77 (49 bt at 7TeV + 19.4 fb~! at 8 TeV) [15, §]
p(ggF + ttH, 77) 0.67+0.79 125.7 100% - — —
u(VBF + VH, 77) 1.59 %+ 0.83 125.7 - 60% 40% @ -

Table 2: CMS results, as employed in this analysis. The following correlations are included in
the fit: py, = —0.48, pzz = —0.73, pww = —0.21, p,r = —0.47.

HEFTI Higgs wo

rkshop

Béranger Dumont
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A word on CMS H—yy

MVA analysis | cut-based analysis
(at mg=125GeV) | (at my=124.5 GeV)
+0.65 +0.80
7 TeV 1697 2277078
8 TeV 05103 0957
+0. +0.
7 +8 TeV 0.787028 1117032
/S?Tev L=5.1fb" {s=7TeV L=5.1fb"
CMS Preliminary \s=8TeV L=19.6fb" CMS Preliminary {s=8TeV L=19.6fb"
;: 4:_ o= Best Fit ;; 4:_ o= Best Fit
3,U B —1c 1U B —1c
oL -+ 20 £ v 20
C - |
o o
- T mn = 1.48 C
£ ot = 052 L
L | | I B | | Loyl Ll
1 0 1 2 3 4 1 0 1 2 4
H ggHttt Mgt
HEFTI Higgs workshop Béranger Dumont April 22, 2013
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Experimental data we use

Tevatron
Channel | Signal strength p | my (GeV) Production mode
ggF VBF VH ttH
H — vy [17]
Combined 5.97132 . 125 % 5% 1T% -
H— WW [17]
Combined 0.9410% 125 % 5% 17% -
H — bb [17]
VH tag 1.5915-% 125 — - 100% -

Table 3: Tevatron results for up to 10 fb™ ! at v/s = 1.96 TeV, as employed in this analysis.

» Tevatron H—1t is omitted (large uncertainties)

* H—yy and H—-WW are approximated as inclusive searches
(ratio of inclusive cross sections for pp collisions at 2 TeV)

17

HEFTI Higgs workshop Béranger Dumont April 22, 2013



Combined 2D u plots

bosonic channels

Tt T T 1 3 T T T

a4t | .

= i >

< i ~ 2

i 4

> =

+ _|_1

=

a 7

. > 0

3 =t

_1 |

g 05 1 1.5 2 0 0.5 1 1.5 2
) p(ggF + ttH, V' V)

pu(ggF +ttH,Y) | u(VBF 4+ VH,Y) P
v | 0.99+0.28 1.71+£059 | —0.38
VvV 0.91 £0.16 1.01 = 0.49 —0.30

identical with or without Tevatron!
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Combined 2D u plots

fermionic channels

2.5 T i I 3 1 | T | 4 , |

e : |
~ =
|§ l\“

- Z m
e =

+ Bs
F =
M an
> | =

= =1

B -1 I I J v 11 I _2 | ! |
F + ttH, bb 6 -4 -2 0 2 4 6 " 0 2 4
plee ) 1 (ggF + ttH, bb) u(geF + ttH, 77)
_ p(gegF +ttH,Y) | u(VBF + VH,Y) 0

wthout bb/TT |  0.93+0.64 1.08 £ 0.36 —0.27

evatron

bb —0.22 £ 2.86 1.13£0.43 0
TT 1.07 £ 0.71 0.94 £ 0.65 —0.47
19
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Dependence on m,

e we would like to treat the Higgs mass as a nuisance parameter
e a priori important for the two high resolution channels (H—-ZZ and H—yy)

T 45T T T T s 7129 ’é‘:
S 4k ATLAS Preliminary HoWW '>iviy 3 =
(@] iy ] ~
5 5of \s=7TeV:[Ldt=461" 1 1oy B
B TEN . \s = 8 TeV:|Ldt = 20.7 fb “
© 3 e —
S) I \ : -2 In\(u,m ) = 2.3 1 15
D 25F N OIAWN e 2 Ink(1,m ) = 6.0 o~
oF —e— H->WW S viv (201142012)
E —%— Ho7y (201142012) 1 10
{1 BE —&— H-ZzZ"5I (201142012)
SN e E
LN e 3 -5
0.5F -
P_|||111|||111|||1111|||111|||111|||111": 70
15 120 125 130 135 140 145 150 155 124 126 128
my, [GeV] my (GeV)

« unfortunately impossible to use together with the 2D y information
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Higgs couplings

How can we use this information to constrain the couplings of the Higgs?

« We first need to specify a Lagrangian. Our choice:

L =g [C v (-n'r,w W, W + 2,7 ”) — CYy

my My my M,

tt — Cp Bb—CD 7| H

2mw 2mw 2mw

cos Oy

Scaling factors C parametrize deviations from the SM

- We calculate C_ (for gluon-gluon fusion) and C_(for H—yy) from C , C_, C,
and we allow for additional particles in the loop: ACg and ACy
—C =C +AC andC = C +AC

 Total Higgs width: not accessible at the LHC. 2 possibilities:
1) assume that BR(H—invisible/undetected) = 0
2) allow for H—invisible/undetected

21
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Searches for invisible decays of the Higgs boson

ATLAS
ZH — 0¢ + invisible

[ATLAS-CONF-2013-011]

q [*

B(H — inv.) < 0.65 at 95% CL

22
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Searches for invisible decays of the Higgs boson

ATLAS
ZH — 0¢ + invisible

[ATLAS-CONF-2013-011]

q [*

C? B(H — inv.) < 0.65 at 95% CL

see also earlier studies based on e.g. monojet searches [Djouadi ef al. '12]

23
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Fitting procedure

exp\2
: 2 (e — )
simple ¥ fit: X~ =
P X ; Ay
ATLAS 95% CL limit on BR(H—invisible) implemented as a hard cut

p : rescaling of the SM prediction (given by the LHC Higgs XS WG)

when showing contours of Ay*:
we profile the likelihood over the unseen parameters

24
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A word on H—yy

 contribution from the W is 5 times larger than from the top quark
and with opposite sign

« small contributions from bottom and lighter quarks

e new particles in the loop could change the Hyy rate
(e.g. charged Higgses, charginos, staus, ...)

25
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)AC ,AC fit
g Y

- we assume C =C =C =1 — ACg and ACY are free to vary
— new physics as additional particles in the loops

* relevant in the context of Universal Extra Dimensions, VLQ, ...

BR(H—invisible/undetected) = 0 BR(H—invisible/undetected) free
0.4r E . 0.4} E[:,,..,\ i
: A
0.2¢ - 0.2} i ]

D /

S RS |
-0.4f E -
-1 -0.5 0 0.5 1
AC,

26
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¢, ,C,,C,fi

we assume ACg=ACy=O — C,,C and C are free to vary
— modified Higgs sector + no new particles in the loops

can arise with extended Higgs sectors (e.g. 2HDM with heavy H")

BR(H—invisible/undetected) = 0
2 I | [

» C <0 (sign opposite to C, ):

v constructive interference with W
S of 5 | disfavored at the level of 2.40

e minimum with C_>0 and C_<0 are
practically equivalent

HEFTI Higgs workshop Béranger Dumont April 22, 2013
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¢, ,C,,C,fi

we assume ACg=ACy=O — C,,C and C are free to vary
— modified Higgs sector + no new particles in the loops

can arise with extended Higgs sectors (e.g. 2HDM with heavy H")

BR(H—invisible/undetected) = 0 BR(H—invisible/undetected) free
2 2 ! .

S 0 5 0

same  [—

1 global =
minimum

28
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¢, ,C,,C,fi

BR(H—invisible/undetected) = 0 BR(H—invisible/undetected) free
2 2 l .
1.5 1.5
\
5 S Ap---e-- S :
0.5 0.5
92 92 —1I (IJ
Cy
. C, tend to be larger for C >0  common increase of C , C_and C_

Single top production in association with a Higgs boson could help
discriminate between CU>O and CU<O [Biswas, Gabrielli and Mele '12; Farina et al. '12]

29
HEFTI Higgs workshop Béranger Dumont April 22, 2013



c,,C,.C, . AC_,AC fi

- generalcase: C ,C_, C, ACg and ACy are free to vary (but no invisible)
e encompasses a very broad class of models

comes
from
CMS
_22 1' 0 1 5 ttH—Dbb
Cy
« determination of CD IS robust « anticorrelation between CU and ACg
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¢, .C,.C,,AC ,AC fit

- generalcase: C ,C_, C, ACg and ACy are free to vary (but no invisible)
e encompasses a very broad class of models

2 T T : 2 T
P assuming p(ttH) =1 + 0.3 |
L ® @=
l >
>S5 OF ; . S 05 .
f.év_\_,,.f\e 'h\.‘h\; 0 B i
9 @
\ [ -0.5 )|
_22 1 | : __1
= -1 0 1 2 <D 2
Cu
« determination of CD IS robust « anticorrelation between CU and ACg
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c,,C,.C, . AC_,AC fi

« balance between CU and ACy « the determination of CV IS robust
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Invisible decays of the Higgs boson

I SM+invisible
A — B(H — inv.) < 0.20 at 95% CL
SM+(C,>0)+(C_>0)+(C, <1)+invisible
a1 | B(H —inv.) <029 at 95% CL
. SM+AC_+AC +invisible
e B(H — inv.) < 0.35 at 95% CL
A +—____|SM+C+C_+C +invisible
P B(H — inv.) < 0.46 at 95% CL
0
0 0.2 0.4 0.6

B(H — invisible)
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Invisible decays of the Higgs boson

and dark matter

if invisible = dark matter:
iInterplay between direct searches and H—invisible

Majorana dark matter scalar dark matter

10_425 I 1 I |

107°%
— » XENON100
i —44] “\\ /
&

10_45 ] | ] | 10_45- ] | ] 1

10 20 30 40 50 60 10 20 30 40 50 60
m, (GeV) my (GeV)
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Goodness-of-fit

Fit Standard Model ACV,ACQ Cu,Cp,Cy CU,CD,Cv,Any,ACg
X2 19.0 17.6 17.6 17.2
X2 /d.o.f. 0.86 0.88 0.93 1.01
dominant ATLAS ~~ CMS vy ATLAS ~~ CMS vy
contributions Tevatron -y ATLAS ~~ CMS WW ATLAS ~~
to 2. CMS WW Tevatron vy | Tevatron v Tevatron -y

* no improvement of x2/d.o.f. (hence the p-value) when allowing for
additional freedom

» most of the tensions in the fit come from yy

HEFTI Higgs workshop

Béranger Dumont
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Two Higgs Doublet Model

* Model-dependent study: 2HDM type | and Il
« 2 parameters (angles): a and 3

Type I and 11 Type I Type 11
Higgs VV up quarks | down quarks & | up quarks | down quarks &
leptons leptons
h sin(f —a) | cosa/sinf cosa/ sin 3 cosa/sin 3| —sina/cosf
H cos(f —a) | sina/sing sin a/ sin 3 sin / sin 3 cos o/ cos 3
A 0 cot 3 —cot 3 cot 3 tan 3

* in both cases we have:
- [Cv| <1
—|Cy| < 14if tanpg > 1

 both h and H could be the 125.5 GeV observed state
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Two Higgs Doublet Model
h° results

o .

L ——y _ %5 0 05 1
COS(x COsS 37
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Two Higgs Doublet Model
h° results

to add more constraints:
SUP, PEW, B-physics

cosw ) ' cosc ' 38
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Conclusion

- previously favored C <0 region is now disfavored at the level of 2.40
(unless we allow for additional loop contributions to ggF)

 overall, the observed Higgs boson seems very SM-like
(but still waiting for updates, especially in fermionic channels)

* first step in the study of the implications of the new boson
— time has come to explore the consequences for BSM models
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)AC , AC fit
g Y

before and after Moriond

BR(H—invisible/undetected) = 0 BR(H—invisible/undetected) free
1 T } T 2 T }

18]

0.5f
1k

BEFORE BEIE:

EEEN ;-

0.5 1

0.5 1 -1 -0.5 0
AC, 40

-1 -0.5

0
AC,
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Invisible decays of the Higgs boson

before Moriond

SM+invisible
B(H — inv.) < 0.23 at 95% CL

SM+(C_>0)+(C_>0)+(C,<1)+invisible
B(H — inv.) < 0.36 at 95% CL

SM+AC +AC +invisible
B(H — mv) "< 0.61 at 95% CL

SM+CU+CD+CV+invisibIe
B(H — inv.) < 0.88 at 95% CL

0 02 04 06 08 1
B(H — invisible)
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Computation of Cg and Cy

_,  Ciolle +Cholly + CuCpolly taken from HIGLU
C, = - > 7 - (with EW corrections
OgeF T Oggl T OggF switched off)

2
C? = (\/ng +Acg)

o, CPTYW 4 CFTH + CRT? + CHTTT + interferences | taken from HDECAY
5= TWW L Tt 1 W + 77 + interforonces < (with EW corrections
gkl gle} Y Y switched off)

2
C? = (\/03 + ACW)
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2D u plots — ATLAS

validity of the Gaussian approximation

10r 4r T 3r
§ = S 2
] =8 1=
> 5 ] > %
+ ~ 2 1+ of
3 e &8
M &2 A 1
2 of =l 12
=4 2, I -2f

3
of : -3f |
' 1' : 2 0 2 4 6
u(geF + ttH, Z2) 0 p(ggF + ttH, 77)

p(ggF + ttH, W)
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2D u plots — CMS

validity of the Gaussian approximation

u(VBF + VH, Z2)

|
a0
T

O
T

(=)
T

4_

< o3t

=

> ol

_|_

=

m 1r

2

=, oF
0 1 2 '-11 0 1
p(ggF + ttH, ZZ) u(ggF + ttH, 1)

only 68% CL contours are available
for CMS H—-WW and H—1r
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