


Motivation

Searches for New Physics

Direct Precision




Assumptions

1) No direct findings: M! ~A> v

Expansion in E/A

2) A Higgs has been found: it is the

excitation around EWSB vacuum
v+ h
Expansion in (H/f  (f=A/g«)
3) Minimal Flavor Violation (U(3)°)

Expansion in Yu,Yp,YE

Mass of SM particles in GeV

4) B,L conserved at this level of precision: Ap, Ay > A



Expansion

Motivation

SM_ 4 : ies/Relati g
L7 = L* Many accidental Symmetries/Relations: Ihis

— my cos Oy
=my/v



Plan

1) Take the BSM Lagrangian 6 from Alex
(and rewrite it with gauge-invariant operators)

accidental relations

2) Compare with Experiments
understand implications for h-physics

3) Compare with BSM Theories



1) Expanding the Lagrangian

A* (Du 9«H g:fL,R  9Fuw

L U TR s

What are the relevant operators to include for
studying Higgs physics?



Dimension-6 Operators

SUE

Other (non-H)X

Ok
Oy

(iHTDuH)(éR’Y”GR)
((H'D,H)(Lyy*Ly)

0(3)1 I TSy g r ) el
;. = (@Ho*D,H)(Lry*o*Ly)

+ 4 tor quarks

OBB — g’2|H|2BWB"”

Oce = 92|H|*GL, G4
Oww = g°|H|*Wg Wrve
O.= |HI°D,H'D;H

Oyf = ylelszHfR




Equivalent Bases

SU©2);

OBB — J,2|H|2B,WBIW
Occ = g;|H|*GL, G*
aHW.* B OVVW — qzll‘llz‘v(luv‘/[lua

v

Or o |H|2D“HTDILH

‘ OHW — ig(DI‘H)TO-a(DuH)Wu

Onp = ig/(D“H)'(D"H)B,,

05, = (iH' D, H)(ery"er)
O} = (iH'D,H)(Liy"Ly)
O) = (iH'" D, H)(Liy'o" L)
+ 4 for quarks

Ow =4 (H*G“B“H) D*'wgs, &

Op =4 (H'DH) "B,




.
~

s e ioCRa

I



Which Experiments?

SU(2)L

O35 = 97| H?B,u, B

Qww = g2IH W, W

T \ )

o, —<zH*D )(uvu)
Y4
phe 0P = (iH'6*D,H)(Liy"o°Ly)

Use strongest experiment to constrain direction
Make predictions for jother (Higgs) physics




LEP 1: %o constraints

SU(2)1

How many parameters
can LEP1 constrain? 7

F(Z o ZLZL,ZRZR,VV)

F(Z — UL, RUL,R; dL,RdL,R)

this case SILH basis
re transparent

(requires intelligent choice |
of input parameters) .,

|d(~)+her (nois '-I)X ‘




2+8 Directions after LEP1

. 4 y A
Op =% (H'D*H) 9B,
Ow =% (Hio"D*H) D*Wg,

Parameter

TS | av b c
ng' — ﬁgeabCWu WupW PH

Ows = g'gHic*HW?, Bv7 |
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2+8 Directions after LEP1

Is=7TeV.L<51fb ' \s=8TeV.L< 196"

CMS Preliminary

SU &

—n

OBB — g’2|H|2BuuBlw
Oce = g;|H|*GL, G4
OWW - g2|H|2WSVW;Lua

O.= |H|°D.H'D;H

P =0.78 |

oM

[xy<1] p,, =088 |
005115 2 253 35 4 45 5
parameter value




All operators already constrained™

Look at implications for other observables!

*= Although not measured, h® doesnt affect arguments



Implications 1

Related to constrained dim-6 operafors...
which ones?

ey o ffects only h — ZZ

W )17
L through: RAUsAlAKNN .
OW OB g T > WoOW ) eng 1+ 22cy

C(h — 2 2%)
P(h — Z(*)Z*)SM

~ 1+ 2.0 (¢w + tan®0y cp)

o ATLAS Prelminary ' [}‘\w % ."“',.' 272
\s=7TeV, /Lt = 4648m"  — Opserved
S 15=8TeV, |Lét = 13207 b' - SM expected

Bounds from LEP2 (through relations in £2 ), stronger than direct bounds



Implications 2

h > Zfforh—WEf
Related to constrained dim-6 operafors...
which ones?

Of)l i (iI{T()'aDuI']

Related with Triple Gauge Coupling
Related with h — Z~, vy




Implications 2

h > Zfforh—WEf
Related to constrained dim-6 operafors...
which ones?

G _ (:rrtamy
0! = (ifi'o° D,
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Explicit Examples

| MSSM

R—Pa: no tree-level contributions from sparticles (only H-:)
Weakly coupled: loop effects small unless sparticles very light

(h)- <~ Z.W
H
AL L /
7“\ Z’W




Explicit Examples

R—Par: no tree-level contributions from sparticles (only H-:)
Weakly coupled: loop effects small unless sparticles very light

O = 5(0|H’)’ O = ¢*|H|*B,, B~




Explicit Examples

S

Strongly coupled: powers of H enhanced by g*>1 w.r.t. derivatives

2
Shift Symmetry: hgg and hyy suppressed I+
162 A2
H 1 , W
ﬁ R il il A IH}'*’B,,,,B’“’
— 8 s i ol Occ = g2|HIG a4
Ouw = ig(D*H)!o*(D*H)W?,
Oup = ig’(D"H)f(D”II)B,,,,
gsm 1

SM fields




- Explicit Examples

B o e — — — — —
|
| |

tﬁ_—— = ——— — —— _ — P ——

Strongly coupled: powers of H enhanced by g*>1 w.r.t. derivatives

Shift Symmetry: hgg and h7y7y suppressed g
1672 A2
H 1
ﬁ
/gsrv\ 1
A2

SM fields

No modifications in h — Z~



Conclusions

@ How many operators need to be included fo
study Higgs physics?

P o)

8 {/{gvliﬂf?/ﬁ;V?Htv’fbvﬁTv’iZ’yﬂ%hB}






CP Odd Terms?

y--—-zy(D#H)*a“(D' B Oyg — ig(DH) (DB,

J. \\
'ﬂf I{f 7 C
Oy = g JCabe g \

Counting similar to

~

@ 2 deformations in TGCs ¥k A,

e i | 7Y
@ 3 deformations in Higgs physics gg — i

h — Z~

No interference with SM, nor with dim-6 CP-even

Need other experiments



Composite Higgs

T / /
/
{
!

Strong sector contfribuvions
can weaken this bound

(not this)

Giudice,Grojean,Pomarol,Rattazzi ‘07;Barbieri,Bellazzini,RychkovVaragnolo'07; Pomarol,FR,'12;
Falkowski,FR,Urbano,'13; many more...




Two Higgs Doublets Models, SUSY

m; ~ my + 165v°

D—terms

- Yo Bt
LS e
Yt 3

|

Blum,D’Agnolo,Fan’12; Azatov,Chang,Craig,Galloway’12
Montull,Gupta, FR, 12



Two Higgs Doublets Models, SUSY

m; ~ my + 165v°

T P S B e " 7,;‘
Yo SRS
 —— =1—40tan 6 —|
2

Yt ksl ol
=1+ 40cot B—= {

yp mi; |

A(Bb ~ —t% (GOGeV/mH)2

Ac; =~ (60GeV /mp)?

Blum,D’Agnolo,Fan’12; Azatov,Chang,Craig,Galloway’12
Montull,Gupta, FR, 12



Two Higgs Doublets Models, SUSY

Nevertheless, no deviations imply:

Hees g

Blum,D’Agnolo,Fan’12 ;D'agnoloKufflick,Zanetti’12;
Peskin'12; Linssen et al.12; Montull,Gupta, FR, ‘12



