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y lhe Standard Medel Theory

>

» All particles have been found
» Mpyo in good agreement with EWPT

» No indications for "not-too-heavy” New Physics (Terascale)

» WW scattering is no longer an option.

» Bounds on new states are approaching the TeV.
» Flavour physics =» No deviations.

» Rare decay B; — jip observed...compatible with SM

» Are we done?

2/45
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Do we need New Physics?

» |Is the SM fully satisfying?
=>» One could do with more Naturalness

» The dark matter puzzle:
=> We need one more particle (at least).

» Or a whole new sector.

» "EWSB + 125 GeV scalar” can be achieved in different ways

» There is still room for non-SM physics.

3/45
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= All particles have been found
» My in good agreement with EWPT

» Mo indications for "not-too-heavy” Mew Physics (Terascale)
» WW scattering is no longer an option.
+ Bounds on new states are approaching the TeV.
» Flavour physics =% Mo dewviations
» Rare decay B, — jig observed. .. compatible with SM

= Are we done?
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» Summary
» Tools for using LHC H? data in NP studies
» |Importance of a parametrisation
» How this constraint performs w.t.t other searches

* e g direct searches for heavy state, or Dark matter searches
» Can help with light states as well.
» Perspectives
= Some tools are not yet mature (uncertainties, fiducial o)

* Hope to improve before Run 2

= Model-testing will benefit a lot more from LHC.






: based on 1210.8120, 1307.5865
From simple .

» Event count for each decay mode :

> H—}WW»HWW
> H%’yfy-—-)n,w

>

» For convenience, compare to a2t
SO 1
Mxx

» 11, indicates which direction is favoured.
v
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. to complicated

» One decay mode =» several final states
> Y = YY|pr u>40 Gev, ¥YY + 2j, ... ~ 10-20 subchannels

» Predicted number of events n; depends on experimental cuts!

» Many different uncertainties o; (u; + ;)

> (]5' o P D FS’ N n L O : E ' J ES . » Higgs analyses: Tree of a slatistti;;II;ioetlsrp:E;EI .
» o; will be mostly correlated \
CMS part

5/45 1
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:cay mode =» several final states

P TR e e e e D e o o~ 10-

Expected signal and estim ated background
SM Higgsboson sxpecied slgnal (mpy=125G &V ) Background I .
Evantclassas _ .- ) B TeV
& off FWHM/ 2.35 Myy = 1256V
Toe - N - - - -\.‘:n — (ev.l GEY ) Catcgory N b Ng gg = H [%] VEBF [%] W H [%] ZH [%] | FWHM [GeV ]
ola ga (Ge 2 4 L
= el ca e W o 1% 21 14 = o Unconv. central, low gy 6797 3z 93 i.2 1. (] 0.2 3.45
o] . . e : T 7 T8 5.2 w ) . T 3,22
= | Untagged 1 16.3 | B7.6% 8.2% 5.6% 0.5% 1.28 1.08 376 2 1.3 Uncomv. central, high p1y ile 4 G 15.2 J 2.9 1 22
W | Untagged 2 21.5 | 91.3%  44%  2.9%  0.3% 1.59 1.32 748 % 1.9 Unconv. rest, low pry 26802 6% 93 4.2 1.7 11 0.3 3,73
E Untagged 3 32.8 | 91.3% 4.4 4.1% 0.2% 247 2.07 1936 + 3.0 Unmconv. rest, high py 1538 9.7 76 151 4.5 3.1 1.2 1.50
~ Oijet tag 2.8 | 2BE% TZE% 0.6% - 1.73 1.37 17 2 0.2 Conv. central, low pry 4450 i1 93 4.2 1.4 (] 0.2 386
- Unitagged 0 17.0 [ 72.8% 11.6% 12.8% 2.8% 1.38 1.27 221 £ 0.5 Conv. central, high pTy 154 3.1 77 14.5 4.1 2.8 1.7 31.51
]
g Untagged 1 37.8 | B3E%  S.4% 7.1% 1.0% 1.60 1.38 943 = 1.0 rest, 0¥ @ 24107 6o 93 4.1 1.9 1.1 0.2 4,32
?_s Untagged 2 150.2 91.6% +.5% 2.6% 0.4% 1.77 1.54 570.5 t 2.6 Conv. resi. high TH 1314 8.3 TS 151 4.8 34 1.3 4 .00
Untagged 3 || 158.9 | 92.5% 184 3.3% 0.3% 2.61 2.14 10608 + 3.5 E _ i
% trafh 311100 NN 18 Q0 5.0 1.3 1.5 0.3 .57
= Dijet tight 8.2 | 20.7%  TE.EW% 0.3% 0.1% 1.79 1.50 34 oz 0.2
o High M ass twasjet 345 7.6 31 68.2 0.3 0.2 0.1 3465
Dijel loose 11.6 | 47.0% E0.8% 1.7 0.5% 1.87 1.60 12.4 2 0.4
Low Mass two-jet 477 4.7 G 5.1 0.7 12.1 1.4 1,43
Mueon tag 1.4 0. 0% 2% T8.0% 20.8% 1.45 1.52 o.7 0.1
Electron lag 0.8 | 1% 04w 7E7H  19.8% 1.88 1.54 07 & 0.1 ksl Le PILOT LLSI D iled W Dedot; IS 15ty AL
E'.?‘isglag ' 22 0% 2 6% 63.7% 19 7% 179 1.64 1.8 + 0.1 All entegories (inclusive) TT430 149 &8 7.4 1.8 1.4 [ 18T

ed number of events n; depends on ex
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» One decay mode =» several final states
> Y = YY|pr u>40 Gev, ¥YY + 2j, ... ~ 10-20 subchannels
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» Higgs analyses: Tree of a statistical rootspace

level |
top level mode ElAS e

= e
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parameter of interest

stolen from Kyle Cranmer @ Likelihoods for the LHC searches 2013 6/45



» Either experimentalists perform the full statistical test on each
model ...

... but most theorists prefer to do it on their own

How de we test a model?

How to define a y? ?

7/45



Complexity

= a

Method 2 : the industrious computing 9445
B = i g
2 _ i i o K. . R
Either experimentalists perform the full statistical test on each X Z ( = ) ! WW + 0j/ WW + 1j/... [y + ...
F i . ¢
model i Method 3 : the semi-combined approach
» ldea : Re-use SM efficiencies l&Dnly with same praductions modes | e —
... but most theorists prefer to do it on their own 3 1= (g v
i+
How de we test a model? Method 1 : the naive gUESS* Tppsh— X, = (ﬂ_ﬁ%":'::."'.!?,. A ::? aynr Xt var T ) * Bry 2, \ =S
b vaE 1 == 2(E)= (# I J v
How to define a )"Z ? _ ) o » so that we can split the computation in two parts :
» Compute inclusive quantities 1 =5 ;
yiu Faxx
. 2 ny « Br S e
XX JEXx T op— b XX = = a7 ey : X "
R e "
f XK — b . P -
KK = [WW PN XX » Avoid need for subchannel info (e, n=" /7"
Inclusive : independent of cuts . Y
» This is it! Exclusi Cotod e » Keep correlations between subchannels
s is it} xclusive © Cut-depsndent, but Sk
7745
» But experiments can distinguish production modes )
= (ggH, VBF, VH. ItH) o - VBF, VH, Tth [Eg s JEy
v At same 7, vy, fermiophobic sealar and 4 genaration » Drawback :compasition {77 ./n7™} not always public = custodial symmetry enforces VBF = VH
7 pprs s W g = =
scalar are quite different! » Compute them with Pythia? g, = tth hardly relevant (H — bb)
» We must consider axperimantal cuts in » Drawback Na accounted for so far » Correlations betweaen diffsrant XX + trnpr

. . . to complicated

» One decay mode =» several final states
Yy =

proa=dl Gavs 17+ 2f0 .. =~ 10-20 subchannels

el



Method 1 : the naive guess™

» Compute inclusive quantities

P 2
X - Hxx — BXxXx _ Opp—h— XX E
X = = Ly AE = O'SM
XX =~y /WW /.. g Dhe R X
» This is it!

» But experiments can distinguish production modes
—> (ggH, VBF, VH, ttH)

> At same o,,, 5, xx, fermiophobic scalar and 4" generation
scalar are quite different!
» We must consider experimental cuts in pu




Method 2 : the industrious computing 9/45

A 2
X2:Z (M) i=WW +0j/WW + 1j/.../vv + 2j...

» |ldea : Re-use SM efficiencies [AO”W with same productions mOdeSj

o

ggh sm SM OVBF _sMm SM

Jpp—)h—)X; = (JSM Jgghxef,ggh —|— SM JVBFXE:’,VBF —I— 'l X Brx
ggh VBF

» so that we can split the computation in two parts :

n a HS M C "ogF WVBF  mWH mZH muH
f. ggh ggh - .f' Er\‘_r\s Preliminary (simulation) H— yy
Hi| = == == X Brx
SM SM SM
n: o) n-
! ggh i

Inclusive : independent of cuts
Exclusive : Cut-dependent, but SM

o 10 20 30 40 50 60 7O 80 90 100
signal composition (%)



omputation In two parts

X BI’X

IRGircuts
dent, but SM

Inclusive
Unconv. central low p "

Unconv. central high p _
Unconv. rest low p -
Unconv. rest high p _
Conv. central low p .
Conv. central high p N
Conv. rest low p "
Conv, rest high p .
Conv. transition

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

ET™ significance
One-lepton

— "ggF mVBF WH ®ZH mittH
| _ATLAS Preliminary (simulation) H— vy
B i
B I
B i
B I N
B i
| I
B i
B I N
B N
I |
L
| O I
I I
L1 |
II| 1111 IIII I|II II|III I|II II|I III|I III|I IIII 1111
0 10 20 30 40 50 60 70 80 90 100

signal composition (%)



» so that we can split the computation in two parts :

L

n o S M — wggF WVBF ®WH W
!' ggh ggh ! . [—ATLAS Preliminary (simulation
r I e B X
SM S M SM
n = n =
I Oggh "

Inclusive : independent of cuts
Exclusive : Cut-dependent, but SM

» Drawback :composition (n>" o f/nSM) not always public
» Compute them with Pythia? A\

» Drawback : No accounted for so far




Method 3 : the semi-combined approach

:3.:’ : ;I.__r—., \ F oHo 22 ﬂ _— (l‘l’ggh g ;"LV B F )
4 | \__\ H — bb
L + H-yy
RN 4 - = L 0
o BN ] - X2(M):(M—M)V l(u—u)
N\ \ .'. /*\ \
NS R "
: \T-..";-+_\__ A 1 _} _}
; \/ Bl =0 a1 )
\
e

» Avoid need for subchannel info (¢;, n ggh ,/nSM)

» Keep correlations between subchannels

» ggh, VBF, VH, tth = > Mg, by
=>» custodial symmetry enforces VBF = VH
=» tth hardly relevant (H — bb)

* Callaborations start to release mare infarmation
Ty .

» Correlations between different XX

5 Te



W - CI\I‘!S Fl'lelinrin'c:rslf s I_-" Ic.-'\u’.IL : ‘!'bl' |’I_ : TV. .19.61F
J E : : » WW |
- e W= (Kggh> LVBF)
i NP
Lo A (e 3) Ve (72 )
| o\ RN i
i A ' 2 — 2 —>
o VAR TS - 1Y)
T e

ggH,ttH

: : SM  / ,SM
> Avoid need for subchannel info (e;, n2 7, ;/n?™)

» Keep correlations between subchannels

» ggh, VBF, VH, tth = p,, uy
=>» custodial symmetry enforces VBF = VH
=>» tth hardly relevant (H — bb)

» Correlations between different XX L p———




» Collaborations start to release more information

CMS Preliminary fs-7TeV,L=51' Ys=8TeV, L1961

—

B -

1.8 _

—18 <«

1.6 o\

16 !
14

1.2 12

0.8 8
0.6
0.4
0.2

0.0
0.0

P 2.0

1.4

Measurements of Higgs boson production and couplings in diboson final
states with the ATLAS detector at the LHC

ATLAS Collaboration (Georges Aad (Freiburg U.) & @l.) Show all 2323 aut

Jul 4, 2013 - 38 pages




Method 4 : Pulling uncertainties out

» Bottom line: common uncertainties should be removed from
each decay mode

» Experimental : luminosity
» Theoretical : inclusive production o, ovar, - -.
-> (a,, pdfs,...)

= ]
,u) 3 = ey
» Some correlations still remains:
» Uncertainties on efficiencies ¢; E
» specific treatment (u = p(6)) l
o - T E
:125 .- l‘/"‘m\ B é
_Ih II ..IE I.!.)‘.. _; 13/45



+ Standard Modal
—Ea% CL
weee 36% CL

—tull modal
——affactive modael

+ sStandard Madel
—E68% GL
seeee 5% CL

— il model
——ellective made!




» gg — H has large contribution from gg -+ H + j, H + 2j.

» Imposing jet veto (or VBF cuts) increases the uncertainty
=>» |arge logarithm terms appearing

Higgs jet veto efficiency
'I'\IIIII IIIIII| IIIIIIII_'“'III|I'I III|:
\ Eon="TTeV

my =165 GeV
| [ <5.0

----- NNLO (ImthLIB

B NNLO (method A, J

E=E NNLO (method Ag]_
(

—— NNLO (method As )
|J|J.‘| penc b b b s

0 10 20 30 40 50
pp" [GeV]

stolen from Gavin Salam @ Rencontres de Physique des Particules 2013
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Workaround : a parametrisation

Step 1

2 A : : ] W
LTheoryJ — P rAMETrSATION ( —— [ExpenmentsJ

1. Express all possible deviations as parameters &

[AModel—independent]

2. Experiments give ranges for parameters
e.g. X € [0.8,1.2]

3. Theorists compute parameters in their own model
SR Ctan An M o, w..d)

» Proposed by different groups 2) | VBT

» Connection with EFT : more later

15/45



Step 1

» Consensus for tree-level couplings

_ 8hxXx
X SN
Enxx

o0& iV 7. b S

» Not yet for loop-induced couplings

» No unambiguous definition

w o 4 vp o
5
Ah—}*m/ - HO --%\\C{W HO ‘--ﬂz HO ---<QVP
w t NP
gL v il

LHC Higgs WG = 12 = 5>

e

Non-independent parametrisation: sy change = k. change.

16/45
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a ChA

A= Ah—)’m’

Ky



LHC Higgs WG =>» KJ?}/ = —Fga’*’*’

h— ~

Non-independent parametrisation: xy change = k., change.

ANP 16/
R > ASM A = Aposqyq
t

K

» Then x, # 0 = new particles in the loop.
» Thus rh_,,m, X ‘f’ivAW ik I‘Lt.At an H’,b.Ab + Hlp},/lt‘z

> Kg Can be treated similarly.




Step 2

» CMS provides a 6D parametrisation (kv ,Kp, Kty Kry Kg,y Kvy)

CMS Preliminary {5 - 7TV, L=51fb f=-&TeV,L<19.6 b CMS Praliminary §5-7TeV, L<56.11b f5=8TaV, L= 196 b CMS Preliminary fz = 7TaV, L=51f Yz-28TeV.L<19.6 1k
_|5_D_| 11 T T T _15_0_ T T T T 7 _|{3_0_ LS | T T T AT [T 7T
= Ry K Ky Ko Ko By l— g hsarvas ] = ERq Rge Ky Ky Ko Ky | —gpsarved . = ERy Mg Ry Ko Koo By g hzervag
— 4.5 : — 45 = — 45
| E Exp. | M H <] E Ex MM | <] E Exp. | 1 H

o aoFE ! H o 40F . = o 4o
] C H M ] ] G | ] C

a5 — " ;; — 3.5 4 — 3.5 — . —
3.0 — — 3.0 — — 3.0 — —
2.0F = 2.0F = 2.0F =

15F = 15E 3 1.5F =

1.0F : 1.0 — = 1.0F

050 N\ = 0.5F = 05F ] 3

0.0 ' b b 0.0 CMLA b —— 0.0" ol L T —
0 0.5 1 1.5 2 0 1 2 3 0 0.5 1 1.5 2 2.5

» T hese plots are profiled:

» For a generic point w, Ax? > 4 is still compatible.
» Need for the full 6D Ay?2.
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How do we communicate such information?

» assume Ax%(ky,...) is

» Then you only need to communicate small number of
:%j parameters.

vims » Not so exact yet =» more a long-term scenario

18/45




What about precision physics?

This parametrisation reaches a for precision:

» Meaning of each k is obscured

» Ky contributes to gg — h
> kg contributes to VBF, VH

>

» Analysing each production mode is less relevant

» NP generates terms with

» Need for more parameters
» For instance VH : igw My g,, —

igw Mw [agu, + b(p1,.P2, — 8uvP1-91) + €77 P p1,p2,]

» This is the 1 — 5% precision level [Aend of LHC}

» The k parametrisation more relevant for run 2

21/45



Part |: Conclusion

» Deviations in scalar sector are tricky to interpret

» Are we computing the right thing? (¢)
» Are we interpreting correctly experimental data?

» Hopefully, it will become a standard.

» By using a common parametrisation (E})
» As experimentalists and theorist get along together
» It all depends on the precision you ask!

22/45






Application: constraining New Physics

2.0t S /]
157 ; )
» 4th generation 40 K
4 B o5 "
{,@g — kg(M) » Warped Higgs 3 Y
0.01 /‘*_‘
ky = Ky(M) » 6D UED =S
» SUSY _1of L
-2 -1 0 I 2
Ky

» This indirect limit can be stronger than the direct one.

» Models are lines (M) starting at SM

23/45



SM scalar & Dark Matter

» If New Physics lighter than My /2 =» new decay H — XX

» Connection with light Dark Matter

=>» |Link with direct detection experiments
=» Another handle on light dark matter

» 2 constraints on scalar sector:
» Direct observation pp — Z(H — invisible), with Z recoll

» Indirect effect Ty ' = s,
Affect all visible channels!

25/45



— Observed

Expected

ATLAS Preliminary
ZH=lI(inv)
Ns=7TeV, [ Ldt=4.71 b’
\s=8TeV, [ Ldt=13.0fb”

0.8 1
BR{H—=Iinv)

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

Cu+ Cp+ (Cy 1)+invisible
B(H ! inv.)< 0.24 at 95% CL

SM+ Cy+ C +invisible
B(H ! inv.) < 0.29 at 95% CL

Cu + Cp + Cy +invisible
B(H ! inv.)< 0.36 at 95% CL

0.2 0.4 0.6 Cu+Cp+Cy+ Cg+ C +invisible
. s u (] V
B(H — invisible) B(H | inv.) < 0.38 at 95% CL




ATLAS Fraliminary
ZH—+ Ilimv)
VE=TTeV, | Ldt=4.710"
WEa8TeV, | Ldt=13.016"

a8 1
BR{H=inv)

SM+invisible

B{H! inv.)< 0,19 at 95% CL
Cy+ Cp + (Cy  1)+invisible
B{(H! inv.)< 0.24 at 95% CL
SM+ Cg+ C +invisible
B{H ! inv.)< 0.29 at 95% CL

Cy + Cp + Cy +invisible
B{H ! inv.) < 0.36at 95% CL

0.2 0.4 X A
oM Cu+Cp+Gy+ Gyt C +invisible
B(H — invisible) B(H ! inv.) < 0.38 at 95% CL




MOV

Example: Light Dark Matter and MSSM

» How does H constrain light neutralinos mgo < 30 GeV?

» Such a neutralino is mostly bino

F(B. VW, )
»¥= 11 ¢t and p, My = 100 GeV

- -

My, My, u
» Relic density Qh® constrained by Planck

» 959 — ff usually too small for B.

=0
X1 f

V
F i
T e

%1 f

=» can be increased by light f

» This increase rely on %] being partially Higgsino

=0 =0 ~0 :
H couple to ¥] = H — ¥1¥; possible 27745
Results Context
= Cut on Br (h — invisible)
Light blue: basic constraints, Blue: + H couplings, = This is only part of the story! see L

Red/ : + Relic density
» Direct search for superpartners at LHC

» light i double production 8" & .77
= light electroweakines ¥, , ¥3 production

= Direct Dark Matter search

= At LHC, with monojets analyses
» Direct detection experiments (in particular LUX)

» Perspectives: the smaller Br (i — invisible) has to be, * Indirect Detection =» Fermi-LAT, ANS-02
the heavier 7 is.

28/45 29/45



Example: Light Dark Matter and MSSM

» How does H constrain light neutralinos mgo < 30 GeV?
1

» Such a neutralino is mostly bino
f(év VT/3:+I:IE)
» 1= 1 0 and p, My > 100 GeV
M11M21M

» Relic density 2h* constrained by Planck
> )'5?)’5? — ff usually too small for B.

~0
X1 i

SR P

=» can be increased by light f £
|

T A

% f
» This increase rely on )'E? being partially Higgsino

H couple to )'Z‘f = H — )’5(1’55? possible 27/45




Results

» Cut on Br (h — invisible)
Light blue: basic constraints, Blue: + H couplings,
Red/ : + Relic density

Vi —
0.25 ket
0.2
0.15
0.1

BR (h -> invisible)
BR (h -> invisible)

0.05

m[lo (GE‘V)

» Perspectives: the smaller Br (h — invisible) has to be,
the heavier )'5? Is

28/45



Context

» This is only part of the story! see &

» Direct search for superpartners at LHC

> light /: double production &=, 777"

> light electroweakinos Y, , X5 production

» Direct Dark Matter search

» At LHC, with monojets analyses
» Direct detection experiments (in particular LUX)

» Indirect Detection =» Fermi-LAT, AMS-02

* and

29/45






based on 1311.5132
Extension: additional scalars

» Various BSM theories enlarge the scalar sector
» 2HDM, SUSY, ...

» Correlations between neutral scalars
=>» new states are constrained by the observed scalar

» Question: Given our knowledge of the observed scalar, what
are our best prospects to find other states?

» Focus: Light additional scalar (< 126 GeV)

\ » Why lighter?

e, LEP S

LEP
» But LEP exclusion does not hold for non-SM scalar. 30/45

e Aim- Aclk rallabhArstiane ta avtend the cearrh ranas



| scalar (< 126 GeV)

» Why lighter?

"MATLAS Preliminary T L Gpd eg|
Hoyy e Expected
[Ldt=4.8fb", {s=7TeV -

. Ldt=13fb", Vs=8TeV + 9g

o T

>
]
!
!
!
>
"
11

Lol \_I_;““:/..I....I\.TT‘.‘I‘:-..I....I...

I JAI SR TR T o e )
P‘IO 115 120 125 1 0 115 120 125 130 135 140 145 150

||; ; i Lo b b b
LEP 30 135 140 145 150 LEP
m,, (GeV) m,[GeV]

» But LEP exclusion does not hold for non-SM scalar.

» Aim: Ask collaborations to extend the search range.

» Qur set-up: two CP-even scalars

» h; : extra light scalar, 63 < m;, < 125.5 (GeV)
» hy : observed SM-like scalar, m;,, = 125.5 GeV

31/45



Extending the parametrisation

From Koxe a—h N (I = {1,2})
NP
» Loop-induced process k. ; = Affﬁ
b —rgeay
Partial width:

2
Fh,__w,}, X |FLV,;¢4W S fﬁ:t’;flt + lﬁ:bj;flb - fi',%;flr|

» Test neutral scalars at the level of the parametrisation:

» LHC =>» Ax?(kx.2) (using our method)
» LEP =>» f(my ,kx 1) (using HiggsBounds)

Those tests are independent of the model itself.

32/45



ZHOM Set-up

ZHDM Parareter space

Mo |me| me | me | amd | eans
ORI T

Specific models: Examples

» Correlations between h; and h, =» Choose a scenario

2HDM
» Simple & Rich

» Quite predictive on the whole

N M SS M NMEESM Set-up
» Popular scenario S s
» Not MSSM =» h, at 126 GeV disfavoured o

AY — 77, flavour (B — Xy, Be — fip), ...
» 3 CP-even scalars (# 2HDM)

MMSSM conzraints

33/45
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2HDM Set-up

n 2 1 i i
Vo= mid 0 4m b, 0o [mf?mlm-_.—h.c.]

cta(oien) s i (olen) 1oy (0]01) (o102) 20 (0102) (0101)

{33s(0102) "+ [36 (08 437 (012)] (0182) ..}

» Zp symmetry (avoid FCNC) @ Ag, A7, m3, = 0

» Yukawa terms shared between H; and H>
» Type It Ly = Ly sm|n—n, or all fermions couple through H,
» Type ll: Hy < u-type quarks
H: = I, d-type quarks

» 2HDM are much more than this set-up
=» here we only illustrate our method
34745
2HDM Parameter space
» Define two other bases =» 2 angles 7.

Hy . g HY P h Lol | Mp, | M a0 | Dbt | sind | tan g

A 23 i , [70,120] | 125 | [300,1000] | [300.1000] | [-1,1] | [0.35,50]
Ha Hy hy
» Initial basis H;, Ha: Yukawa structure (type manifest) RRE
» Vev basis HY, HY: EWSE and fermions masses as in the SM » Theory: Perturbativity and shgbility of the scalar potential.
» Mass basis by, hz: Contact with experiments Imposes Mas ~ my < 700 GeV.'I

» EWPT with 5, T. U measurements

» Physical parameters » Flavour tests
Flavol

r B Xy
» By = Ou

i . AM,
My,, Mao, My, tan 3, sind =sin(3 - a), v

2 2
;\1. ’\2. ,\3. )\4. 1\5. Myy. Msq

Mg, .
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2HDM Set-up

y = mole+md dJTd)z—[medJId)z-l-h.c.]
2 (o]o ) #3x2(0]02) s (o]01) (0302) 1. (0] 02) (o)1)
{; [A6(¢j¢1)+)\?(¢;¢2)](¢j¢2)+h.c.}

_|_

» Zo symmetry (avoid FCNC) : /\6,A7,m§2 =46

» Yukawa terms shared between H; and H»

» Type I: Ly = Ly sm|n_ 1, or all fermions couple through H;
» Type ll: H; <& u-type quarks
H, < |, d-type quarks

» 2HDM are much more than this set-up
=>» here we only illustrate our method
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» Define two other bases =» 2 angles 3, &
: — :
H- Vo b 0

ho
» Initial basis Hy, Hy: Yukawa structure (type manifest)
» Vev basis Hlv, HQV: EWSB and fermions masses as in the SM
» Mass basis hy, hy: Contact with experiments

\LQ:

» Physical parameters

2 2
)\13 AQ; A33 )\43 )\53 myq, Moy

)

Mp. ., Mp,, My, My+, tan B, sind =sin(f — a), v
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2HDM Parameter space

mp, ’mh2 m po | my+ ‘ sin & ‘ tan 3

[70,120] | 125 | [300,1000] | [300,1000] | [-1,1] | [0.35,50]

Constraints

» Theory: Perturbativity and shability of the scalar potential.

Imposes Mo ~ my+ < 700 Ger
» EWPT with S, T, U measurements

» Flavour tests

» B = X~
> Bs — [ip
> AMd
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NMSSM Set-up

» SUSY demands
= Promote SM fields to superfields = superpartners
e — {:) Ww* — l:]‘

= Add a second doublet =» 2ZHDM type I
a constrained ZHDM

= NMSSM adds a singlet 5 (cures the y problem)
hi,ha = 3 CP-even hy, ha, hs
= predictions will differ significantly from 2ZHDM 11,

NMSSM constraints

» Minimal parameter space » Same constraints as 2HDM (EWPT /flavour)
tand | per(GeV) | A | k| A (TeV) | A (TeV) | A, (TeV)
[1.50] | [100,600] | [0.0.75] [ [0.0.3] | [-L.1] | [=L.1] | [-4.4]

» Other scalars? hz. a5, a;, H'
= hy/as are always heavy = 1 TeV.
» my, ~ 125.5 GeV has to be imposed » a; take most of the tan 7 enhancement

— =» 3, difficult to discover
fmp, = 1255 + 3 GeV | R ihos [

» Random scan inefficient =» Genetic Algorithm for exploration » Dark Matter constraints not realized
= Maost points exhibits by haawvy. = Correct 2247 can be obtained with a bino-Higgsina neutralino
% sitting on Z /hy /ha resonance.

=+ [llustration Purpose
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NMSSM Set-up

» SUSY demands
» Promote SM fields to superfields =» superpartners

(e A S e

» Add a second doublet =» 2HDM type Il
a constrained 2HDM

» NMSSM adds a singlet S (cures the p problem)

hy, ho = 3 CP-even hi, hs, h3
» predictions will differ significantly from 2HDM II.
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» Minimal parameter space
tan B | per(GeV) | X | k| Ay (TeV) | A (TeV) | Ay (TeV)

[1,50] | [100,600] | [0,0.75] | [0,0.3] | [-1,1] | [-1,1] | [-4,4]

> mp, ~ 125.5 GeV has to be imposed
(my,, = 1255+ 3 Gev]
b

» Random scan inefficient =» Genetic Algorithm for exploration

» Most points exhibits h, heavy.
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NMSSM constraints

» Same constraints as 2HDM (EWPT /flavour)

» Other scalars? hz,az,a;, H"

» h3/a, are always heavy > 1 TeV.

» a, take most of the tan 5 enhancement
=>» 3, difficult to discover

» H' too heavy

» Dark Matter constraints not realized

» Correct Qh? can be obtained with a bino-Higgsino neutralino
sitting on Z/h;/h, resonance.

=>» |llustration Purpose
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Results

» Focuson gg — hy — vy @LHC

ll hSM

» In the alignment limit, h, and gg — hy = vy (O

-'.u---[-:n:luss-‘l-:.:lsl(_ (_ur.ulstr ts, B LEP, LHC
> In terms of K ; - — .
» LEP limit for ~ all final states e “

=> Limits on (my,,ky 1) !

» Behaviour can be understood based on &
» e.g. in the NMSSM, Ky 1 ~ K:1, hence production through
gg — h and VBF scale similarly

Maodel Independent analysis

+ Caupling to tap
subu

» Coupling te batrom
ol Ml PN
.ﬂ( R
» ZHDM -specific

2045
Ky Ryl + Ky ghy g =1 40/45
atrygs 1— sl
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Additional Light Scalar: Conclusions

» Light scalars arise in many BSM theories
=» Experiments should also target this mass range.

» A combined parametrisation hy/h; is a real plus:

» Some features appear in a model independent-way (k1 ~ 0)
» Practical to combine both tests

» In particular, can disentangle different models for New Physics
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The Standard Medel Theory ﬁ

\

= All particles have been found
» My in good agreement with EWPT

» Mo indications for "not-too-heavy” Mew Physics (Terascale)
» WW scattering is no longer an option.
+ Bounds on new states are approaching the TeV.
» Flavour physics =% Mo dewviations
» Rare decay B, — jig observed. .. compatible with SM

= Are we done?

2/45
Do we need New Physics?
.. ' . Constraining New Physics at the LHC : the SM > Is the SM fully satisfying?
. ’ ® ..... scalar and Beyond =» One could do with more Naturalness
®

' ‘ e ] ® Guillaume Drieu La Rochelle » The dark matter puzzle:
drieu@ipnl.in2p3.fr =» We need one more particle (at least). i
- = Or a whole new sector
L 9 4 '

IFNL, Lyon, France

[ ]
e ; . " 1 .
December 6, 2013 » "EWSB + 125 GeV scalar” can be achieved in different ways

L 4 » There is still reom for nen-5M physics.
° ° : -
: Y Pl e S

Séminaire : Université Libre de Bruxelles - SPT
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Conclusions e

» Summary
» Tools for using LHC H? data in NP studies
» |Importance of a parametrisation
» How this constraint performs w.t.t other searches

* e g direct searches for heavy state, or Dark matter searches
» Can help with light states as well.
» Perspectives
= Some tools are not yet mature (uncertainties, fiducial o)

* Hope to improve before Run 2

= Model-testing will benefit a lot more from LHC.
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