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© Effective operators from new physics at the multi-TeV scale
Q@ MSSM: - classification of dim 5 operators
- physical consequences
© MSSM Higgs with dim 6 operators as well
- comparable to dim 5 at large tan (3
- alleviate the MSSM fine-tuning
with E. Dudas, D. Ghilencea, P. Tziveloglou '08, '09 + in progress
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@ New physics/heavy particles may exist above LHC energies

o Little hierarchy in MSSM  —  ~ 1% fine tuning
tension between LEPII bounds on the Higgs mass and SUSY particles

@ Unknown new physics in the multi-TeV range parametrized by:

local effective operators O/ of dim (4 + n)

Legr = Lsym/mssm + Z L 0' E<<M

M not far from the electroweak/TeV scale =
lowest-dim operators O/ can affect significantly the low energy physics

@ study MSSM —+ effective operators = hints for new physics

I. Antoniadis (CERN) 2/15



Effective operators

Integrating out heavy fields = two types of higher-dim effective operators
- with two (or less) derivatives

from tree-level exchanges of massive states

M? 1

(0, — Z,)H” — —z’z' — M2(HTa H)?

o M2 _, _, 1 - 5
iy Du¢_72uzu - W(w'}’;ﬂ/})

- higher-derivative operators (hdo) generated by:
e mixing with heavy states

e string theory ~ DBI action, o//loop corrections
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Integrate out the massive field y =
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SUSY effective operators

General 2-derivative SUSY lagrangian: 3 functions of chiral superfields ¢;
1 real: Kahler potential K

2 analytic: superpotential W, gauge kinetic function f

Lawy = [d0K(81e,0) + [d0 [W(on) + (oW W?] + hc

chiral gauge superfield W ~ D2DV

Higher-dimensional operators: encoded in power expansions
(L
K =g¢leVe + fmqb,Tqubf(karh.c. SR

- Cijkl i ,i fabi ;
W = o' /o + “TES I 4 fpl01) =0 + ST 6T
the first terms in the rhs are renormalizable
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hdo operators

- hdo in the superpotential
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- hdo in the Kahler potential
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Higher-dim 4+ hdo in MSSM

Generation from heavy fields

e Higher-dim operators: via interactions with heavy (super)fields

Example: singlet coupled to higsses in MSSM

Strumia '99 ; Brignole-Casas-Espinosa-Navarro '03
Dine-Seiberg-Thomas '07

)\2
W = AoHiHy+Mo?  — W = Y (HiH,)?

= can raise the Higgs mass in MSSM 7

e hdo operators: via mixing with heavy fields
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MSSM Higgs mixing with heavy doublets
/d“@ Z HTH+(c1HTH3 + oHIHy + hec. /d2 (uHyHa + MHsH,) +h.c.
i=1,2

W << M neglecting gauge interactions :

/d49 (HTH1+H§H2+ 2HTDH1+ 2H§DH2)

M M

+ /d20 (uHyHy + Cl—A/CfHIDHg) the.
/!

dominant at low energy

/d49 He VD2 V H, +hc)
gauge |nteract|ons
Classification of dim-5 (R-parity conserving): MSSMs = Lyssy + L)
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Field redefinitions = remove redundancy

Lyissm = /d49 (Zl HieV Hy + Z, Hye v H;) + gauge + matter

+/d29(Q)\U UH, — QAp D Hy — LAg E Hy + pHiHp) + he.
soft terms: Z;(S,ST), Au.p.e(S), u(S)  spurion S = ms 62
o - L / Por® 4 L / d*oL®

M Fowm b

LY~ (i +1S) (HiHs)?
LS~ (yu+zuSHH e QAU + (ypo +205") QAo D eV H]

+ (ve+2eSYY LA E eV H] +hec.
up to field redefinitions
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: . : Q)
Physical consequences: New couplings from £

‘hard" SUSY terms ~ zp O(55):

@ ‘wrong Higgs' Yukawas: H; < H;r = Martin '99 ; Haber-Mason '07
tan 8 enhancement of Higgs decays into bottom quarks

also in MSSM at 1-loop integrating out ‘heavy’ squarks

2
— double suppression: 6\, ~ O(%) x loop factor

mp = Vi;%ﬁ ()\b+(5)\b+A)\btanﬂ) AAb - ZB
@ Higgs - sfermion quartic interactions hIh; (squark)?

suppressed by (Yukawa)?
If FCNC ansatz is relaxed for the 3rd generation =

@ ‘wrong Higgs' - gaugino - higgsino coupling h; — hi — g
@ ‘wrong Higgs' A-terms
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new SUSY couplings ~ yf:
@ 4 pt contact interactions: f —f —f — f =

squark production enhancement for the 3rd generation

A g_32 YtYb
9985 ™ g M

MSSM contribution decreases with s while correction is constant

@ higher point gauge interactions: A — h—f—F, A2—ht—h—f—F
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Physical consequences : Higgs potential

2
2
Viiggs = mi|hi|* + m3|ho|® + Bu(hiho + hec.) + % (1] = [h2]?)

+ (|h1? + |h2)?) (mhihy + hec) + % [12(h1h2)? + h.c.]
g=g+ey m~p/M  m~ms/M
@ 7)1 2 = quartic terms along the D-flat direction |hy| = |hy|
@ potential stability = 17, > 4[|
requiring n-corrections to be smaller than MSSM mass matrix elements =

only 7o can change the tree-level bound m, < mz but marginally:

m,27 B m% 16% for ma=mz (m, <105 GeV)
g -
z 0.002% for my~15mzy

quantum corrections are still needed for my, 2 114 GeV
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Relevance of dim-6 operators

1) Relaxing the condition on potential positivity: guaranteed by dim-6 ops

only one dim-6 along the D-flat direction induced by dim-5: oc 77
2
W = mi(HiHa — V = | 5|~ o [HiHoP (o[ + | Hal?)

but 2nd minimum along the flat direction

stability of EW vacuum against tunelling = new constraints on 7> =
Blum-Delaunay-Hochberg '09

@ tree-level mass Higgs bound can change above LEPII limit

@ bigger parameter space for LSP being dark matter
Bernal-Blum-Nir-Losada '09
2) In the large tan 3 regime:
Ampv LI
m% — m% tan 8 Mtan3 M2

Ssm? = vi = vcos B, vo = vsin(
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MSSM Higss with dim-6 operators

dim-6 operators can have an independent scale from dim-5

Classification of all dim-6 contributing to the Higgs potential
(without SUSY) =

large tan 3 expansion: dgm? = fv? 4 -

constant receiving contributions from several operators
F o fyx (u2/ M2, m2/M2, pms /M2, v2/M?2)
msg=1TeV, M =10 TeV, fy ~ 1 — 2.5 for each operator

= my ~ 103 — 119 GeV
= MSSM with dim-5 and dim-6 operators:

possible resolution of the little hierarchy problem
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Conclusions

o Effective actions with higher-dim/hdo:

appropriate tools to parametrize our ignorance about new physics
@ General analysis of their effects in MSSM =

classification of dim 5 (R-parity conserving):

- (spurion dependent) field redefinitions to remove redundancy

- additional couplings can be important

e.g. enhanced squark production and Higgs decays into b-quarks

- Higgs mass: can increase but not too much
@ Stability + higgs mass at large tan 3: dim-6 operators relevant

- corrections can lift my above LEPII bound (just from dim-6)

@ light stop or ‘heavier’ higgs at LHC = new physics beyond MSSM

I. Antoniadis (CERN) 15 /15



