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The Higgs boson has been found

oS [ A L L L= 31011%| _5%
s = ATLAS Preliminary = cu = ; 3
10°E | observed Vs=7TeV, |Ldt = 4.6-4.8 b3 > F 77 o
10°E s=8TeV, |Ldt = 13-20.7 o e F [~ 4o

= -- SM expected 's =8 TeV, [Lat - 13-20 b:: T 10°k. / e

1 O0c .

________________________________________ H2c 8 SERRLE. =5¢c

SE — — . —
10 N 2:40 — — ~‘.‘ \ / —,6
10° —— = 10° - G

Ok BN :EBG - “‘\/ —
1(:)12:— ‘ — _ 5 J7o

10 = 10713 F-[— Combined obs. I+, .

10_15 = =8c || === Exp. for SMH -

E— = L |[—H—> 1t —

10'215: :E 10—1?__—H—>W _

= =100 S G . E

1 0-24 Tl L . ‘ : L L L | L L . . ‘ L L L L I L ‘ \‘ ‘ I L L Ii [ T\ "_l\iT)IZIZ 1 | | | | | | 111 T’L 1111 | 111 I__
115 120 125 130 135 GeV 110 115 120 125 130 135 140 145

My [GeV] m,, (GeV)

» previous updates at HCP2012 in Kyoto (in November) and at the open
session of the CERN Council (in December)

e and now Moriond!

» Tevatron is very competitive for H—bb and results are not yet final
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What we know about it

after Moriond EW

ATLAS CMS
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Tevatron results

Tevatron (HCP2012)
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Deviations from the SM Higgs

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

my My mp M,

tt — Cp Bb—CD ™| H

cos Oy 2mw 2mw 2mw

L= g [CV (h-i’l’ir’ Li’f,u WH 4 Z;[LZ ﬁ) - CU

Scaling factors C parametrize deviations from the SM

« We calculate Cg (for gluon-gluon fusion) and CY (for H—vyy) from C , C_, C,
and we allow for additional particles in the loop: ACgand ACY
—C =C +AC andC = C +AC

 Total Higgs width: a priori not accessible at the LHC
— we can in general only determine ratio of couplings
... or fix an invisible/undetected Higgs width
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Fitting procedure

exp

2
. L2 (ke — py, )

simple 2 fit: X =
DS

when we use (M ) information we take into account correlations

ggF+ttH’ IJVBF+VH

we take into account the different efficiencies for the various production
mechanisms

— discussion on Higgs Fits and Likelihoods tomorrow morning

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
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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

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

- weassume 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, ...

0.5} | -
|  SM: 2.20 away from best fit
= i due to the excess in H—yy
3 .
: * Observed gluon-gluon fusion rate
-0.5f | - well compatible with the SM
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¢, ,c,,C, i

« 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)

2 I 1 1
: « SM: 1.60 away from best fit
% ; due to the excess in H—yy
1h---- - ------- /4 F/ -
» C <0 (sign opposite to C )
S O . i = constructive interference with W
E preferred at the level of 1.80
Y .
. CD compatible with the SM
_ , . i to a minus sign
L R (g 1 2 (up inus sign)
AT
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¢, ,c,,C, i
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Cu C,
- C, tend to be larger for C >0 « Strong correlation between CY and C_

Single top production in association with a Higgs boson could soon
discriminate CU>O and CU<O [Biswas, Gabrielli and Mele '12; Farina et al. '12]
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c,.C,.C,,AC_,AC fit

. generalcase: C ,C_, C, ACg and ACY are free to vary

e encompasses a very broad class of models
(incl. Higgs sector made of any number of doublets + singlets)
2 I | 1

Dﬁ‘:
{1 0.5
0 -
—-0.5}
__12
Co Cu

. Cy>1 IS achievéd with ACY>O « anticorrelation betWeen CU and ACg
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c,.cC,.C,,AC_,AC fit

. generalcase: C ,C_, C, ACg and ACY are free to vary

e encompasses a very broad class of models
(incl. Higgs sector made of any number of doublets + singlets)

2 I N 2 I ] 1
N assuming p(ttH) =1 + 0.3 ]

+ 1 -
S of (- S osf \ -
' of--- 4 \ ------
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-0.5f : 7
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Cu Cu
. Cy>1 is achieved with ACY>O . anticorrelation between CU and ACg
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c,.cC,.C,,AC_,AC fit

R R 0 1' 2 % ] > 3
Cu C
 SM: 1.40 away from best fit - the determination of C, is robust

due to the excess in H—yy

- balance between C and AC, 5
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Goodness-of-fit

Fit Standard Model AC, AC, Cu, Cp, Cy | Cy, Cp, Cy, AC,, AC,
Xoin 22.1 15.1 16.2 14.4
X2, /d.of. 0.96 0.72 0.81 0.80
dominant ATLAS ~~ ATLAS ZZ ATLAS ZZ ATLAS ZZ
contributions CMS ~~ CMS WW VBEF | Tevatron ~vy CMS WW VBF
to X?’nin Tevatron ~~y Tevatron ~~ CMS ~~ Tevatron ~~

* significant improvement of x*/d.o.f. (hence the p-value)

when allowing for an enhanced Hyy rate

* no amelioration of the fit from 2 to 5 parameters

Higgs Implications

Béranger Dumont
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...and after Moriond QCD?

ATLAS CMS
= 8 | | CMS Preliminary, Ys=7-8 TeV, L=24.3 fb!, Ho1t
3 S ] — T [ T N
Q| ATEAS Preliminary . E m=125GeV L 1C\MIS PAS-HIG-13-004]
< C (s=7TeV: [Ldt=461b H—wWw" - vl . :
T gF Vs=8TeV: [Ldt=2071b" - i 1-Jot
E E m,, = 125.5 GeV *+ Standard Model E
Q 5 * Best fit N
=. - — 68% CL . :
4= T 95% CL = S 2-Jet (VBF)
'
2F E . VH— 11+l
1 E
0;_. | | ----- T \ | _; '—0—' Combined
-0.5 0 0.5 1 1.5 2 2.5 e T
m x B/B 0 2 4
o > best fit for 6/c,,
[ATLAS-CONF-2013-030]
[ATLAS-CONF-2013-034] ...and H—-vyy
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New CMS H—>yy

MET —_— CMS preliminary } MET B —— \,EMS preliminary ’
Electron : S m E:;I:t: t:?;.sf:b" Electron | L E :;:& t:f;.sﬂ:b"
w4 E@TT O] L=l vl [EE
Di-jet loose —— m,, = 125.0 GeV Di-jet loose B h g —i— n’;ﬂ= 13:-51 133132_0 N
Di-jet tight — ﬁ <>( . ofog, = 0.78+0.28-0.26 Di-jet tight i w f' B olog,=1.1140.32-0.
Untagged 3 B w = — Untagged 3 B 8 | — t
Untagged 2| - MVA Untagged 2 — m cu
Untagged 1 B — - Untagged 1 B -~ based
Untagged 0 B - Untagged 0 : ______________________ ~I_L __________________
Dijet| 1 S T Dijet| =y T
- > — <
Untagged 3 T — Untagged 3 0 3 =
-0 = - = 8
Untagged 2 B h = — Untagged 2 B 2 [ |
Untagged 1 B h —EE Untagged 1 B N 8 -,
Untagged0| . . @ o, UmeeeedO] e I
6 4 2 0 2 4 6 8 10 12 -10 8 6 4 -2 0 2 4 6. 8 10
Best Fit o/ay,, Best Fit o/og,,
7+8 TeV: cloSM @ 125.0 GeV = 0.78 748 TeV:oloSM @ 124.5 GeV = 1.11
+0.28-0.26 +0.32-0.30
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8 TeV: oloSM @ 125.0 GeV = 0.55 +0.29-0.27 8 TeV: oloSM @ 124.5 GeV = 0.93 +0.34-0.32
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New CMS H—yy
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)AC ,AC fit
g Y

after Moriond
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c ,C_,C,fit

after Moriond
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Goodness-of-fit

after Moriond

Fit Standard Model | AC,, Al Cy, Cp, Cy
X2 21.6 20.1 19.9
X2, /d.of. 0.90 0.91 0.94
dominant ATLAS ~~y ATLAS ZZ ATLAS ~~
contributions Tevatron v~ CMS ~~ CMS WIW VBF
to x2. ATLAS Z7 ATLAS v~ Tevatron ~~y

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

22
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Conclusion

* first step in the study of the implications of the new boson

» pre-Moriond data indicates that better fit to the data are possible
with enhanced H—yy

« enhanced H—yy can be accommodated with:
. C =-C, (difficult to achieve in a realistic model)

. Acy>0 (light non-SM electrically charged particles)

 but Higgs seems very SM-like with CMS H—yy MVA
what about CMS H—vyy cut-based?

23
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Invisible decays of the Higgs boson

before Moriond EW

10 7 — 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

T
p N Y SRR e SM+AC +AC +invisible
B(H — inv.) < 0.61 at 95% CL
SM+C +C _+C tinvisible
o k B(H — inv.) < 0.88 at 95% CL

02 04 06 08 1
B(H — invisible)

it needs to be updated with the Moriond results already shown, but not only...
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Searches for invisible decays of the Higgs boson

ATLAS
/H — 00 + invisible

[ATLAS-CONF-2013-011]

q [*

B(H — inv.) < 0.65 at 95% CL

25

Higgs Implications Béranger Dumont March 18, 2013



Searches for invisible decays of the Higgs boson

ATLAS
/H — 00 + 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 et al. '12]
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Invisible decays of the Higgs boson

after Moriond EW

10 T SM+invisible
. B(H — inv.) < 0.16 at 95% CL

SM+(C_>0)+(C_>0)+(C <1)+invisible
B(H — inv.) < 0.32 at 95% CL

o<
‘5] _______ SM+AC +AC +invisible
B(H — inv.) < 0.51 at 95% CL
o L e SM+C +C _+C tinvisible
o AT , B(H — inv.) < 0.55 at 95% CL
c 02 04 06 08 1

B(H — invisible)

if invisible = dark matter:

interplay between direct searches and H — invisible
(see backup)
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Invisible decays of the Higgs boson

and dark matter

Majorana dark matter scalar dark matter

10_42 I I I 1

107°%
— ' XENON100
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&

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

10 20 30 40 50 60 10 20 30 40 50 60
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xB/Bgy,

H VBF+VH

N OLN o N WA o N

Pre-Moriond experimental data we use

ATLAS

Channel Signal strength | My (GeV) Production mode
gel'  VBEF VH ttH
H— vy (48 at 7 TeV + 13.0 b~ " at 8 TeV) [4]
w(ggF + ttH, ) 1.85 +0.52 126.6 100% — —
u(VBE + VH, vv) 2.01 +1.23 126.6 = 60% 40% -
H—ZZ (4.6t " at 7 TeV + 13.0 fb " at 8 TeV) [6, 11]
Inclusive | 1.01797%0 | 125 8% % % 1%
H— WW (13.0 fb~" at 8 TeV) [8,11]
eV | 1.42792% 1255 [ 9% 3% 2% -
H—bb (471 " at 7 TeV + 13.0 fb ' at 8 TeV) [11,50]
VH tag | —0394+1.02 | 1255 - - 100% -
H— 77 (4.6 b at 7 TeV + 13.0 fb™" at 8 TeV) [51]

w(gegF, 77) 2.41 + 1.57 125 100% - — —

p(VBF + VH, 77) T=0.26 + 1.02 125 - 60% 40%
TR e e G oS pay T
F —— 68% CL ’ E @ 4F  Jreeesieorm DN
S 95% CL Ldt = 13.0 fb',is = 8 TeV 5 X F JLH&Ofb{\S:STeV —— 95% Contour 1
E X M E P e
;_ _; 3‘> 2:_ op Background only =
;_ _; 17 ................. m,, =125 GeV E
3 E 0 ]
C ATLAS Preliminary E a3 i E
F 2011-2012 ] oE T 3
E m,=126.6GeV E : 1
S T T TR T P PO | N N P S R
1 05 0 05 1 15 2 25 3 35 4 2 0 2 4 6 8
uggF+ﬁH><B/ Bau Hogr X B/Bg,
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Pre-Moriond experimental data we use

CMS

Channel

Signal strength p

Production mode

geF  VBF VH  ttH
H—yy (5.1 "at 7TeV + 53 b ' at 8 TeV) [2,5,12]
i(ggk + ttH, ) 0.95 + 0.65 125.8 100% - - -
u(VBF + VH, yy) 3.77+1.75 125.8 — 60%  40%  —
H—ZZ (51fb " at 7 TeV + 122 fb ' at 8 TeV) [7,12]
Inclusive ‘ 0.81705 ‘ 125.8 ‘ 7% ™% 5% 1%
H— WW (up to 4.9 b~ at 7 TeV + 12.1 b~ at 8 TeV) [10,12,52)]
0/1 jet 0.77 05 125.8 9% 3% — -
VBF tag —0.05"0: 55 125.8 7% 83% - —
VH tag —0.31775] 125.8 - - 100% -
H —bb (up to 5.0 fb~" at 7 TeV + 12.1 b~ at 8 TeV) [12,53,54]
VH tag 131705 125.8 — - 100% -
ttH tag —0.80778) 125.8 — — ~ 100%
H— 77 (up to 5.0 b1 at 7 TeV + 12.1 fb~ ' at 8 TeV) [12,55,56]
0/1 jet 0.85 008 125.8 6% 16% "% 1%
VBF tag 0.827) % 125.8 19% 81% - -
VH tag 0.8671 08 125.8 —~ - 100% -

Higgs Implications

Béranger Dumont

CMS Preliminary {s=7TeV,L<51fb"' Vs =8TeV,L<12.2fb"

-1.0-0.50.0 0.5 1.0 1.5 2.0 25 3.0 3.5
ggH-+ttH
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Pre-Moriond experimental data we use

Tevatron

Channel | Signal strength p | My (GeV) Production mode
gel'  VBF VH ttH
H — vy [59]
Combined 6.141375 125 8% 5% 1% -
H — WW [59]
Combined 0.85705) 125 8% 5% 1% -
H — bb [14]
VH tag 1.56%572 125 - - 100% -
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¢, ,c,,C, i

C,>0, C_>0, C, fit
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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| < 14 if tang > 1

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