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can we safely neglect them!?

probably not...
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also possible to consider signal strengths in the (X,Y) theory space:

o(X)B(H — Y)
O'(XSM)B(HSM — Y)

X gol', VBF, WH, ZH, ttH
Y YY, L L, TT, ...

E_qul_lléelsltlfli{llllllITITl]llllIlljl]l_lil]llllllllljh //L(VBF_I_VH)/‘VV)

— 68% CL
[Ldt =20.7 tb™, s = 8 TeV
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— ATLAS Preliminary
5_2011-201 2
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— mostly ok (custodial symmetry)

pu(ggl + ttH, vv)
— ok as long as ttH is poorly probed

* correlations between categories
already been taken into account
* no need for efficiencies
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X B/Bgy,

uVBF+VH

U(X,Y) from ATLAS and CMS

now exists for all channels!
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reconstructing (MggF+tcH, MVBF+VH)

we want to use the (Uggr+ueH, Hver+vH) information directly.
but how well is this reconstructed from the categories!?

I I

comparison with -
CMS results
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| ATLAS results CMS results
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0 1 2 0 1 2
u(ggF + ttH, vy) p(ggF + ttH, vy) u(ggF + ttH, ZZ)

w(VBF + VH, ZZ)

from “On the presentation of the LHC Higgs Results”, [arXiv:1307.5865]
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U(X,Y) from ATLAS and CMS
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in order to construct a likelihood, one can:
i) fit a 2D Gaussian using the 68% CL contour for each final state
ii) combine the measurements from ATLAS and CMS final state by final state
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U(X,Y) from ATLAS and CMS

from “On the presentation of the LHC Higgs Results”, [arXiv:1307.5865]
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comparison with
| ATLAS results

0 1 2
p(ggF + ttH, vy) p(ggF + ttH, ZZ)

i) fit a 2D Gaussian using the 68% CL contour for each final state
ii) combine the measurements from ATLAS and CMS final state by final state
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combined 2D M plots — bosonic

include all results up to the LHCP 2013 conference

3

N

#(VBF 4+ VH, VV)
o —_

0.5 1 1.5 2
u(ggF + ttH, VV)

L
o

A(VBF + VH,Y)
0.98 = 0.28 1.72 + 0.59
0.91 & 0.16 1.01 + 0.49
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combined 2D M plots — fermionic

include all results up to the LHCP 2013 conference
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X? from 2D [’s

equivalently:

F ~goF F
Xi = ai(uf® — aFE)% + 20, (uf®

where i = vy, VV®) bb, 71 (or bb = 77)
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~ggF
,ugg

~VBF
{4

a

~VBF
— My

b

)+ il — )

C

7Y

0.98

1.72

14.94

2.69

3.34

VvV

0.91

1.01

44.59

4.24

4.58

0.98

0.97

2.67

1.31

10.12

bb/TT
bb

—0.23

0.97

0.12

0

7.06

TT

1.07

0.94

2.9

1.31

3.07

can be used to constrain a broad class of New Physics models!

Gottingen automn school

Béranger Dumont

October 7,2013



coupling fits

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

My
= M H AW tt — bb — H
L glov< WWMW +COSHW m ) OUQMW CDQMW CDQMWTT

Scaling factors C parametrize deviations from the SM (Cy=Cp=Cv=1 is the SM)

* We compute C, (for gluon-gluon fusion) and Cy (for H=YY) from Cuy, Cp, Cv
and we allow for additional particles in the loop: AC; and ACy
— C,=C,+ ACy,and Cy = C, + ACy

* Total Higgs width: not accessible at the LHC.We consider two cases:

i) only SM Higgs decay modes are open
ii) new decay modes are invisible at the LHC (would be seen as MET)

(...possibly dark matter!)
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validation with ATLAS and CMS

validation with benchmark scenarios of the ATLAS and CMS couplings fits

1.6 1.6

1.4 1.4

86 J08 % 1
‘\‘CV

A}
A}
.

official our fit
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invisible decays of the Higgs

—
— Observed
Expected

ATLAS Preliminary
ZH-lI(inv)
\'s=7TeV, | Ldt=4.7b"
\'s=8TeV, [ Ldt=13.0fb"

llllll|ll|l|IllIllIIlIlll[llllI'lIll

TTTTTrTrTrTrTrTrTrry T T T T T T T T T T T T T T T T
! | ! | I I ! l

O+

BR(H—inv)
C3B(H — inv.) < 0.65 at 95% CL

+  see also CMS limit on ZH—ll+invisible
' and on VBF—invisible
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invisible decays of the Higgs boson

/ SM+invisible
B(H — inv.) < 0.19 at 95% CL

SM+Cy+Cp+(Cv=<I)+invisible mainly
B(H — inv.) < 0.24 at 95% CL from
global U fit
T SM+AC +ACy+invisible
B(H — inv.) < 0.29 at 95% CL

\ SM+Cy+Cp+Cy+invisible

0.6 B(H — inv.) < 0.36 at 95% CL mainly
B(H — invisible) from
SM+Cu+Cp+Cy+AC+AC +invisible = searches

B(H — inv.) < 0.38 at 95% CL  forinvisible
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invisible decays & dark matter

if invisible = dark matter interacting via Higgs:
interplay between direct searches and H—invisible

Majorana dark matter scalar dark matter

| | | |
=

-\ XENON100

107"k

_46- I I I
90 20 30 40 50

mey (GGV)

BR(H—inv.)
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total Higgs decay width

without invisible decays allowing for invisible decays

SM+Cy+Cp+Cyv+AC+AC(+invisible)
Ty €1]0.4,1.7—2.7] x 2™ at 95% CL
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Inert Doublet Model

new Higgs doublet, odd under a Z; symmetry (— no coupling to pairs of SM particles)

Vo= pfHi? 4 p3|Hal® + M| Hu|* + Xo|Ho|* + As|H: || Ho|?

N 2 N2
+ M| H] Hp? + 22 [(HIHQ) —I—h.c.]

~

4 new particles: A
| (pseudoscalar)

dark matter candidate

only modification to the Higgs couplings: charged Higgs contribution to h—Yyy
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Inert Doublet Model: w/out inv.

V = M%‘Hﬂz+M§‘ﬁ2’2—I—)\1\H1’4+)\2\g2’4‘|‘)\3‘H1’2‘ﬁ2’2

N )\ N2
Ml H] Hpf? + 2 [(H]THQ) +h.c.]

Mg g > Mn/2

9ng+g- X —A3

—== vacuum stability + perturbative unitarity

1

2 2 2
po = Mpy — 5)\32)

where Higgs measurements matter

mg+ 2 (0 GeV (LEP bound)
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Inert Doublet Model: with inv.

| VA— M%‘H1\2+M§‘ﬁ2’2+)\1\H1’4+)\2\ﬁ2’4+)\3‘H1’2‘ﬁ2’2

3 \ 2
—I—)\4\H}LH2]2 25 [(HTHQ) +h.c.] mg < mp/2,mz > mp/2

profiled over m € [1,60] GeV (A3+-A44—A5)

. —m% U/ ~ O, <

—mH—lO Gev] | ! _—mH—IO GeV
|---m 7 = 60 GeV , -m g = 60 GeV

600

Soz Z001
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conclusion

* 2D p’s: powerful and simple way to test a very wide class of models of
New Physics against Higgs measurements

* even if the observed Higgs is SM-like, lots of implications for New Physics
scenarios are still to be explored
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Backup slides
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Inert Doublet Model: with inv.

‘—mI-I“= 10 GeV
---mgz =60 GeV|] [ [

0.9
C,

Gottingen automn school Béranger Dumont October 7,2013



bonus

On the presentation of the LHC Higgs Results

Conclusions and suggestions from the workshops
“Likelihoods for the LHC' Searches”, 21-23 January 2013 at CERN,
“Implications of the 125 GeV Higgs Boson”, 18-22 March 2013 at LPSC Grenoble,
and from the 2013 Les Houches “Physics at TeV Colliders” workshop.

F. Boudjema?®, G. Cacciapaglia®, K. Cranmer®, G. Dissertori¢, A. Deandrea’, G. Drieu la
Rochelle®, B. Dumont®, U. Ellwanger/, A. Falkowski/, J. Galloway?¢, R. M. Godbole”,

J.F. Gunion®, A. Korytov’, S. Kraml®, H.B. Prosper®, V. Sanz!, S. Sekmen™
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bonus

[arXiv:1307.1427]

ory beyond the SM. It is therefore of utmost importance that the Higgs results be usable by
the whole high-energy-physics community. To this end, we put forth the following suggestions
regarding the presentation of the Higgs results:

e For each Higgs decay mode Y (yy, WW, ZZ, bb, 77 are currently considered) provide the
likelihood L of the signal strengths in the (u(X,Y), u(X’,Y)) plane, as shown in Figure
The grouping X = ggF + ttH, X’ = VBF + VH is well motivated, but additional choices
of X and X’ should be considered when appropriate for the given analysis. The content
of the plots should always be provided also in numerical form, e.g., as a ROOT file or as
a simple text file with a grid. In addition to the combined results, results should also be
given separately for each 4/s.

To go a step further and overcome the limitations induced by 2D projections and/or
combining production modes, provide the signal strength likelihood as a function of my;,
separated into all five production modes ggF', ttH, VBF, ZH and WH; i.e. for each decay
mode considered give the likelihood in the 6D form L(mpy, pger, pitts, LVBF, LzH, bWH)-
Ideally, this should again also be done separately for each /s.

Concerning searches for additional Higgs-like states with masses above or below 125 GeV,
provide the results including the injection of a signal with the properties of a SM-like Higgs
boson at 125-126 GeV. Moreover, always present the results as bounds on pure (o x B)
in addition to any model interpretation.
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[arXiv:1307.1427]

e Whenever possible, provide kinematic event selection criteria that can approximately be
reproduced by phenomenologists, e.g., using Monte Carlo event generatorsm The desired
information is: the complete cut flow, estimated number of background events, expected
event yields for all the SM Higgs processes, and the observed number of signal events or
limits thereon. For MVA-based analyses, it would be of great value if a simplified version

of the final MVA could be given.

In addition to direct model-dependent interpretations of data, the long-term goal should
be to develop a consistent scheme for publishing fiducial cross sections (ofi¢ x B), either
measurements or limits for null search results, as done conventionally for SM processes.

We suggest that this supplementary material is made available via INSPIRE [50]. This
way the complete set of information will be searchable, citable, and accessible from a single
point.
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Type I and II Type I Type 11

VV up quarks | down quarks & | up quarks | down quarks &
leptons leptons
sin(@ —a) | cosa/sinf cos o/ sin 3 cosa/sinf3 | —sina/cosf
cos(3 —a) | sina/sinf sin ./ sin 3 sin ¢/ sin 3 cos a/ cos 3

0 cot (3 —cot 3 cot 3 tan 3
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. 0 .
cos(fB — a)

0 :
cos(fB — a)

1 l’

0.5

1 1 I

—tang > 1
---tan83 > 0

—tanf > 1
---tanf3 > 0
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