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® The Standard Model (SM) of particle physics suffers several issues:

0 Non zero neutfrino masses
0 Dark Matter

a Baryon asymmetry

0 Hierarchy problem

Call for New Physics (NP) > EW
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® The Standard Model (SM) of particle physics suffers several issues:

0 Non zero neutfrino masses
0 Dark Matter

a Baryon asymmetry

0 Hierarchy problem

Call for New Physics (NP) > EW

which is the one

: R
® Plethora of BSM theories > new heavy fields chosen by Nature ?

® Identifying NP ~ constraining new parameters

L—) Calculate every observable up-to-bottom

stemming from each
coefficient in each model

® Another approach: bottom-up ——> SM ~ 1st order Effective theory
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Effective theories

% SM viewed as lst order of an effective theory

[

L—> analog of Fermi theory for § decay 7,
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Effective theories

® SM viewed as 1st order of an effective theory

[ e—

L—> analog of Fermi theory for § decay 7,

v
® Effective operators: low-energy remnant of NP

L—» Build only with SM fields

® Nearly model independent analysis: only the coefficients of the
operators are model-dependent

Lopr = Lsn + 0L +6L£970 4.
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Effective theories

m

Lopr = Lsp + 0L +6L£770 4.
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Effective theories

ﬁ

Lepr=Lsm SLI=C + ...

® Lowest order: unique d=5 operator b 'R 7 ¢
0 Weinberg operator N7
0 Neutrino masses .
Recent review /
A. Abada et al. ‘07 gLa €L[3
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Effective theories

ﬁ

[,eff = Loy + S LI=5 .

® Lowest order: unique d=5 operator b 'R 7 ¢
0 Weinberg operator N7
0 Neutrino masses .
Recent review /
A. Abada et al. ‘07 gLa gLﬁ

® Next: 81 independent d=6 operators (Buchmuller, Wyler ‘86)

Loy = Lsym + ZOz‘

0 Model dependent
0 X 1/A\?
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Operators with Higgs

® Higgs hasnt been observed yet
L—> Higgs sector less constrained

® What if the Higgs sector is not SM like? what can be the
influence of NP on the Higgs sector?
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Operators with Higgs

® Higgs hasnt been observed yet

L—> Higgs sector less constrained
® What if the Higgs sector is not SM like? what can be the
influence of NP on the Higgs sector?

® Many d=6 operators with Higgs boson, 12 without fermions

Oy = %(Wfb)ga Ogp = %%(fﬁ%)%(fb%),
OV = (¢'¢) (Do) (DFg),  OF) = (¢'D.o)(D"$)9).
O = 5@ AGLE™ . 0,5 = (610)GACH.

Opw = (eI @)Wi, W O, = (¢Tg) W), W,

DO | —

1 v D v
Opp = 5(0'0)BuB"™ . Oyp = (6'0)BuB",

Owp = ($ITi¢)Wi, B* | O, = (T 0)W?, BH
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Operators with Higgs

® Higgs hasnt been observed yet

L—> Higgs sector less constrained

® What if the Higgs sector is not SM like? what can be the
influence of NP on the Higgs sector?

® Many d=6 operators with Higgs boson, 12 without fermions

F. Bonnet

-

Oy = %((b*fb)?’,

L0y = (919)(D,9) (D"9),

1 \
Oas = 50u(60)0u(619),

Oy = (6'Dug)(D"9)'¢)

1
Ope=_5(6'0)G, G
(¢T¢)Ww/ L )

1
Oy = i(g/ﬁT MVB“V,

O¢W =

DO | —

,r B — (¢T7i¢)WﬁVBIUJV7

0,6 = (¢'9) G ™ .

W (¢T¢)WZVW7;MV 9
- loop suppression

OWB — (¢T7i¢)Wﬁy Bl
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Operators with Higgs

4 N
05 = 5(810 . Ons = 50u(6'0)0u(6'0)

0y = (6T0)(Du) (D), OF = <¢TDM¢><<DH¢>*¢>U

® Modification of SM Higgs properties

0 Decays
a0 Constraints from LEP - Tevatron
0 LHC searches

® What NP can generate such operators

O Mediators
O Constraints
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Modification of the SM Higgs sector
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Anomalous Higgs couplings

Oy = %(fb%)?’, Oap = 15’ 1 (070)0,(979)
0 = (¢t¢)(D.o) (D¢), O = wD $)((D* ) 9),
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Anomalous Higgs couplings

Modification of Higgs potential
Shift in vev

[ Oy = %(fﬂfb)?’ j Oap = 15’ 1 (070)0,(979)
0 = (¢t¢)(D.o) (D ¢), O = wD $)((D* ) 9),
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Anomalous Higgs couplings

Modification of Higgs potential

Shift in vev Contribution to Higgs Kinetic term

00 =300, (00 = 30,(619)0,(6'0)
0 = (¢t¢)(D.o) (Dg), OF = <¢*Du¢><<D“¢>*¢>,
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Anomalous Higgs couplings

Modification of Higgs potential

Shift in vev Contribution to Higgs Kinetic term

Oy = %(Gﬁfb)?’, Oap = 15’ 1 (070)0,(979)
[ 0% = (¢19)(D.o) T (D"0) j [0“) <¢*Du¢><<w>*¢>, j

|

Contribution to Higgs Kinetic term
Modification of Higgs-gauge interactions
Modification of Gauge bosons mass
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Anomalous I-Ilggs COUE“NQS o¢:%(¢f¢)3, oaqﬁ:%aﬂ(qﬁqs)au(qﬂgb),

0P = (#19) (Do) (DP).  OF = (¢! Dug)(D"$)19),
® Relevant interactions:

1
Lozw > MypW, W+ M;Z,7" + SOuHO"H — M H?
—|—)\HWWWILL_W+’LLH +Agzz 2, Z"H — g H?
AArrww W, WHHH? + Agpz2 2, 2" H? — Agunp H*

® New interactions: W WH¥, H3Z,Z¥, H*W WH, H4Z,Z¥, HI HOYH, H20 HI"H
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Anomalous Higgs couplings

® Relevant interactions:

0y = 5(6'0)",
05 = (¢'¢)(Do)T (D"9).

Oas = 50u(60)0,(619)
0y = (¢' Dug)(D"9)9),

1
Lozw > MypW, W+ M;Z,7" + SOuHO"H — M H?

—|—)\HWWWILL_W+’LLH +Agzz 2, Z"H — g H?
AArrww W, WHHH? + Agpz2 2, 2" H? — Agunp H*

with: M2, = M2 (1-— (3) Y
CuiUQ <1 44 WSM( 2 _ g2 O:b 9 )’
_ mv: 1 c
AHWW = AHEWWsa (1 + &y o (5 T 2 _ g2
= 2 > 2 ’02 v
Z-scheme Mazz = Auzzen (14Dl 1 o®L

MZ/ GF/ O(, MH

_ as inputs | AgEWW =
AHHZZ =
AHHH = AHHHsy,(1—«
AHHHH = AHHHHsy (1l —«

F. Bonnet 11
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Anomalous I-Ilggs COUE“ngS o¢:%(¢f¢)3, oaqﬁ:%aﬂ(qﬂqs)au(qs*gb),

0P = (#19) (Do) (DP).  OF = (¢! Dug)(D"$)19),
® Relevant interactions:

1
Lozw > MypW, W+ M;Z,7" + SOuHO"H — M H?
—|—)\HWWWILL_W+’LLH +Agzz 2, Z"H — g H?
AArrww W, WHHH? + Agpz2 2, 2" H? — Agunp H*

® Fermions: shift of Higgs field to have canonical kinetic ferm implies
vV — —
Leo2Yr—ff+YHff,
=Ry \/if JHYHff
with:
2

2
3V U
Yi = Yo (1 +04§s)§ — Q995
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Anomalous I-Ilggs COUE“I’IQS O¢:%(¢Tgb)3, oaqﬁ:%aﬂ(qﬁqs)au(gb*cp),

O = (¢'8) (D) (DMg),  OF) = (6" Dug)(D"0)'8),

® Electroweak precision fests: Of) modifies differently Mw and Mz

~
:M%CQ _M‘%VSM
P = 2 = 2 ¢’ 3) v”
My, My, - > 0p= 204;)5.
c* — S
C 3) U
M‘%V — M‘%VSM(l — 62 — S2Oé§b)7) )
4 A
3) 2 —4
ong)v < 3-10
\§ J

we neglect it for the rest of the talk

® Consequences: Mw=Mwg\,
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Branching ratios and decay widths

/—ﬁ
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2

Decazs

Fermions: Y, = YfSM(l — Ozacb?)

-

(0(H — 7) = (1~ 0out"Psas 1 — 7))

Gluons: fermions loop

-

(1T~ 99) = (1~ 2000 s (1~ g9) |

()”U ’U2

Gauge bosons: Amvv = Ampvvy,(l+a 6 5 T Qo ), V=W, Z
[F(H —VV) = (1+ ozf;)fuz — apypv )Ty (H — VV)]
Photons: fermion and W loops
F H (1) »? v2\ AH 2
I'(H —yy) l(l — Qopy ) 3A19(7r) + (1 oy 5 —asp3) A (TW)|
L (H B 2 ’
| sy (H — vy) 4A52( T¢) + A (tw) )
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Decazs

Two cases
0 only Mo
0 only ote(M
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Decazs

Two cases

0 only Mo

[

-

NH — XX)=(1—-asv’) sy (H — XX)

~N

J

F. Bonnet

L—» BR as in the SM
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Decazs

Two cases
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Decazs

Two cases

0 only ote(M

D(H—VV)=1+al o) Tsy(H — VV)
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Decazs

T (GeV)
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Decazs
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Constraints from LEP-Tevatron
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Constraints from LEP-Tevatron

O V2 i
04f Tevatron “o%-
inclusive H —=» WW
0.2F &
0
02F
04Ff
80 100 120 140 160 180 200
Mh (GeV)
HiggsBounds, Bechtle et al.
F. Bonnet 19

LEP: ete” — ZH — Zbb

v2

ANigzz = AHgZ 74y (1 > aa¢?)
v
Y, = YbSM(1 — a5¢?)

Tevatron:

inclusive production:
gluon fusion, VBF, Higgstrahlung

.|.
H — WW

U2

AEVV = AEV VS (1 — aaqﬁ?)

U2

AHgg = AHggsar (1 — Oéaqb?)
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Constraints from LEP-Tevatron

ﬁ

ao(l)vz. T T T —rTT TR
04| I Xoh): LEP: ete™ — ZH — Zbb

| —>» H —> WW AHZZ = A\HZZ (1—|—a(1)£)
28 | a1+ 0l

02f ANHff = NHf fsu

0 :::::::::ﬁﬁ::f
_ inclusive H = WW Tevatron:
02 - o o
' gg—>H—=>WW - inclusive production:
: gluon fusion, VBF, Higgstrahlung
04
- +
80 00 120 140 160 180 200 H — WW
Mh (GeV)
AHgg = NHggsu 2
: — (1) 2
HiggsBounds, Bechtle et al. AHVY = Avvey (1+ay 9 )
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Constraints from LEP-Tevatron

ﬁ

ooV V2

04l LEP: ete™ — ZH — Zbb

. —

' 2
v

, ANHZZ = AHZ Zsp (1 + qu(;) 7)

o2 AHff = AHffsu

|

Exclusion prediction

Tevatron:

02
‘ inclusive production:
gluon fusion, VBF, Higgstrahlung

04}
| +
80. | lIOOI | IIZOl | l|40. | lléol | .|80. | .200 H _)WW
Mn (GeV)
AHgg = AHggsm 9
Arvy = A (1 Z
HiggsBounds, Bechtle et al. HVV = Anvvey (1 +ay” o)
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Higgs @ LHC
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Production of a Hiqgs @LHC

iuon Fusnon Higg s’rrahlurLg_ vec’ror boson fusion:
q ” q
VvV
----H -==-H
\"
q q

Associated production with top:

g q q q
%?%TRiWT<i: :>>7m%ﬁy<i: 9 q
§ﬁy " s ~TTTH
‘ H . H
0000 f——
g ] ] ] g q
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Production of a Higgs @LHC

gluon fusion:

onro(gg — H) = (1 — agypv®)oyro(gg — H)

vector boson fusion:

onLo(VV — H) = (1+ ongl)’v2 — g ) oo (VV — H)

I-Iigqs’rrahlurLg_:

ono(VH) = (1+ay v? — apgv®) oo (VH)

Associated production with top:

O'NLO(HtE) (1 — (la¢@2)ONLO(Htt)

F. Bonnet 23 23 March 2011 - LAPTH



Higgs searches @LHC

® Inclusive search channels:

—

OH—ZZ —> 4|
0 H—=>WW — 2|2V
OH—>YY

® Non inclusive search channels:

—

OVBF + H > WW — V]
0VBF +H = T'T" = |+j+E

F. Bonnet

(CMS: 30 fb)

(14 TeV >

S ]
. —.— H=yy —o— H=ZZ -4l
0" —@— qgH+H=TT=14]  —@— H=>WW = 2i2v SM
o qqH+H = WW = lv|]

20

10

-

120 140 160 180 200
Mn (GeV)

From CMS technical report Vol. II: Physics performance
Bayatian et al. ‘07.
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Higgs searches @LHC

(CMS: 30 fb)

S 1. T
. ——g— H=yy —— H = ZZ =44| . 14 Tev
0" —@— qgHtH=TT=14]  —@— H=>WW=2i2v SM |
—o— qqH+H = WW = Ivj]
20
Xod
5
2
| = _J
120 140 160 180 200
Mn (GeV)
S | ] S | ]
. g H = yy —@— H = ZZ =4| Lo vi= -0.4 . g H=yy —@— H = ZZ =4| oLovi= 0.4
50 —@— qoHtH=TT=14]  —@=— H=>WW = 2i2v N —e— quHtH= TT= 4]  —e— H=>WW = 212v
—@— qH+H = WW = |vjj —@— qH+H = WW = V)]
20 20
10 ° 10
5 5 »
o
2 2
®
l [ .| l (I - J
120 140 160 180 200 120 140 160 180 200
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Higgs searches @LHC

+
——

—— H=yy
07 —@— qgH+H = TT = I4]

H = ZZ =4|

H = WW = 2|2v

(CMS: 30 fb)

™ @ TeV D

—@— qH+H = WW = Ivjj
20
Ko
5
2
| - J
120 140 160 180 200
Mn (GeV)
S ] S | ]
. g H=yy —— H = ZZ =4| ooV vi= -0.4 . g H = yy —— H = ZZ =$4| ooV vi= 0.4 -
5(). —0— qQqH+H = TT = I4] —=—  H = WW = 212V 50» —@— (QqH+H = TT = |+] —— H = WW = 2|2v
—@— qH+H = WW = |vj] —@— qH+H = WW = lvjj
20
10
. .
2
| - a / i | - i
120 140 160 180 200 120 140 160 180 200
Mn (GeV
F. Bonnet h(GeV) 2¢ 23 March 201M (BRDTH



Sensitivity of LHC fo «

e = = T T e

S 50 - n
| =g H=yy —@— H = ZZ =4| oeoVvi=0.4
—@— (QqH+H = TT = I+] —— H = WW = 2]12v ‘
20 - —@=— qqH+H = WW = Ivj] °
10
.|

PR ==
@(\/“1

120 140 160 180 200
Mn (GeV)

(§]

—

F. Bonnet

@ Te\D

S50~ n
. —e— H=yy —o— H=ZZ =4l oLovi= 0.4
—@— (QqH+H = TT = |+] —— H = WW = 2|2v '

20 - —@— qqH+H = WW = Ivj] °

10

(S

120 140 160 180 200
Mh (GeV)
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Sensitivity of LHC fo «

e ————— T

8 Detection will need luminosity

® Once «; dicovered, sign should be easily identified because SM deviations are
sign sensitive

& Combinations, ratios of different channels (inclusive Vs non inclusive) will
allow a disentanglement of 0z and oV

[O(i > O.lj
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From effective Theory to NP

ﬁ
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Mediators

Mediator : heavy field generating effective operator once integrated out.

vV
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Mediators

Mediator : heavy field generating effective operator once integrated out.
1%
L
—> €
e
1%
3 J
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Mediators

Mediator : heavy field generating effective operator once integrated out.

vV

% 2
—> €
¢2
iwz < > X
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Mediators

Mediator : heavy field generating effective operator once integrated out.

vV

v J
MWZ %

Gr

Bounds on i —> bounds on high energy parameters
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Mediators

Mediator : heavy field generating effective operator once integrated out.

Decomposition of an operator : finding all tree-level mediators

S ,l A S ’
S AN ’
*.Du Dy, , Du ¢
‘\/\/\/‘ Srraeenaifl.......

R . ¢’ ‘ <\

, . R DU .
¢’ N ’ N

0 Bounds on «; imply bounds on NP parameters
0 One mediator can generate several operators
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Mediators

Mediator : heavy field generating effective operator once integrated out.

Decomposition of an operator : finding all tree-level mediators

S ,l A S ’
S AN ’
*.Du Dy, , Du ¢
‘\/\/\/‘ Srraeenaifl.......

R . ¢’ .‘ <\

, . R DU .
¢’ N ’ N

0 Bounds on «; imply bounds on NP parameters
0 One mediator can generate several operators

( Extra constraints on effective
operators
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Mediators

Mediator : heavy field generating effective operator once integrated out.

Decomposition of an operator : finding all tree-level mediators

\ ¢ \ Y4

\ V4 \ V4
> Dy Dy, ‘. Dy R
/‘\/\/\/‘\ R Q- (\

, \\ ,/ DU \\

V 4 \ V4 \

(2) L~ = S Lorentz: S (scalar), V (vector)
SU(2) < X

Y~ Hypercharge
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Decomeosi’rion

Scalars: px X {d* P}
Gauge vectors: gx Xu(Dy®*®-0*D,d)
Non gauge vectors: Ax X,Du{®* b}

F. Bonnet 35 23 March 2011 - LAPTH



DecomEosi’rion

F. Bonnet

gauge non gauge
r A- N [ A N

S S \Y
AG3) [MBy) | vy luEy) [vay) |u @y
i 0 ﬁ 9 _& _&
Mi M‘Q/ 4M(2] M‘2/ M(2J
Mi Mil ZMZQJ MIZJ
oA | a9y AL
T |45 5 0, 0 >
MA MAl MV MU

L—» Constrained by EW precision tests

35

|

New constraints
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DecomEosifion

F. Bonnet

gauge non gauge
IR -

u@3g) | vay

9% A

AM? M2

B 9(2] O
OMZ

0 0

35

|

New constraints

L—» Constrained by EW precision tests
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DecomEosifion

gauge non gauge
A IR - - IR
\Y
U (38) | v (13)
9%
AM?
2
__Ju
oz | O
0 0
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Beyond LHC

/—\
Lnew int. —
+
+
+
F. Bonnet

sensitive to
couplings ~ XXPo

36

_98 (1) 4 1
ga’qb ]H WH VV'u -+

—|—oza¢v Ha HO"H +

3
ozf)v2 _ 504(%712)] g3

W~ Qo

v? — 204(%1}2)] H?

95 + 90°
4

1 3
(el + | H?Z, 2"

95 + 9o°
16

(@ + )| HYZ, 2"

(3)

__I__

H?0,HO"H
4 2
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Beyond LHC

/—_\

New interactions

_ 5 v 3 (1,2 3 (3) 2 3 2\ | 173
new int. — T 1 — — — — — — — H
L ;. _)\ov( + 6)\0a¢ 100 VT T 7% VT 500pY )
Bl 5 v?
- Zo(l + §K—0a¢ — ongl)"u2 — cugs)qﬂ — 2aa¢v2)] H?
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Beyond LHC

’_\

F. Bonnet

['nevv int. —

-)\0 5) U2

( New interactions J

5 v° 3

6 Ao 4@

+ =5 %y — Ongl)’(}2

:ag?g + aggv| HOLHO"H +

o) 17— 55

24
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Conclusions
r

® Effective operators can modify Higgs detection @LHC

0 Enhance or reduce LHC power
0 Especially true in low mass range

® Measurement of effective coefficient feasible

0 Combination of different channels -> disentanglement
0 |axivélz 0.1 - 0.2 achievable

® Effective approach allow to discriminate among NP implementations
0 Correlaton between effective operators

® Special role of Oo

0 Triple Higgs coupling and new interactions
0 Useful in multiple mediators cases
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