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o Effective operators from new physics
integrating out heavy states : - higher-dimensional
- higher-derivative operators (hdo)
@ SUSY hdo: - 2-derivative description
- SUSY breaking

@ Higher-dim + hdo in MSSM: - generation from heavy fields
- classification of dim 5

- physical consequences
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Effective operators from new physics

- Low-energy physics is described by local interactions of dimension < 4
renormalizable QFT — predictive power
- However at energies lower than masses of heavy particles
some interactions may look non-renormalizable
e.g. four-fermion Fermi interactions

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

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

Ci :
0, E<<M
n

£eff = EStandard Model + Z M
i

M not far from the electroweak scale =

lowest-dim operators O] can affect significantly the low energy physics
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Integrating out heavy fields = two types of higher-dim effective operators
- with two (or less) derivatives

from tree-level exchanges of massive states

M2 1
(0, — Z,)H|? - 72,;2; — W(H*@H)?

) M2 1 7! I - 2
iy D,lﬂ/)_TZ#Z” - W(¢7}L¢)

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

e string theory ~ DBI action, o’ /loop corrections
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= oo - 28 L ony + clonyion) - XX - 20
Integrate out the massive field y =
(8¢) ICANNCS D¢ ! 06
4 M2 + 0 + Xogp?
- AC; (B9)?
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SUSY hdo

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

2 analytic: superpotential W, gauge kinetic function f

Lousy = / d*o K(pleY, o) + / d*0 [W(as,-) + fap(d )V WP| + hec.

chiral gauge superfield W ~ D2DV

Higher-dimensional operators: encoded in power expansions
, ci ,
K =oleVs' + (Ajjcb?evdﬂcbk +h.c-> +o
- Ciikl i ,i Fobi ;
W = Njpd'd/of + TL60 6! 4 fapl0) = 0ap + 5 6T

the first terms in the rhs are renormalizable
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hdo operators

- hdo in the superpotential

(a) A"f'/cﬂe(b,-mcbjw 2 d*0 &;D?d;
M S

D?D?
- hdo in the Kahler potential

ki ki
(b) Mj2/d49<D,TD¢j, Aj;/d“ecbj ®;D%d;

In components: & =z + \/§9¢ + 0%F

(a) contains [y , FOz

(b) contains |0z|? , Y00y , FOF

= higher-derivative kinetic terms — propagating auxiliary fields
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M
[— /d40 (¢T¢+XT><) +/d20 <m¢x + 2x2> the

Integrate out the heavy field x :

2 2
4 m m

2 2
/d29 <Z\/I¢2 + 2mM3¢D<D) + he.
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Reformulate SUSY theories with hdo in terms of two-derivatives:
@ coupling to gravity much simpler —
SUSY breaking via gravity easier to study

@ coupling to a SUSY breaking sector
can be studied by standard methods

@ theories with hdo : ghost (super)fields
is the theory sick 7

no, if treated as effective at energies £E < M
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hdo in the superpotential

ﬁ:/d49¢f¢+/d29 <i\/§¢m¢+’;¢2+2¢3> +hec.

= one particle + one ghost with masses:

m?~m? | m3~ — « of order the cutoff

45
L= [d0[0]®1-0L0o] + [0 [Fmep®i®p + L A @k ]+ hc.
¢ (a1 a2 (¥
vep2et) T \b b)) \o,
. e
unitary matrix
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Can hdo trigger SUSY breaking?

scalar potential not positive definite:

V= Y IRP- Y IAP
particles ghosts
No if SUSY is unbroken in the absence of hdo
SUSY minima are stable but V could vanish with SUSY broken

However SUSY may be trivial without hdo

decoupled in a non-interacting sector

I. Antoniadis (CERN) 1/21



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 = X\oHiHo+Mo? — W = AM (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
3.4

/d40 3 HiH+ (clHjH3 + oHIH, + h.c.)+/d29 (1uHiHa + MHsHy) + hc.
i=1,2

1 << M neglecting gauge interactions :

/d“ <HTH1+HTH2+ 2HTDH1+ 2HTDHZ)

M M

/d 0 (uHiHy + EHIDHQ) the
/!

dominant at low energy

M/d4 He V02 VH1+hc)

gauge |nteract|ons
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Low-energy supersymmetry: main target of LHC

Quantum corrections in MSSM:

important to reconcile the tree-level relation my, < my

with the experimental limit m, 2 114 GeV

Higher-dim / hdo operators: can also affect low-energy predictions
masses, couplings, interactions, ...

— classification of dim-5 (R-parity conserving):

L = Lpssm + £6)

I. Antoniadis (CERN) 14 /21



Lmssm :/d4<9 (Zl HI eV Hi + Z> H> eV H2T> + gauge + matter
+/d29(Q)\UuH2—Q)\DDHl—L/\EEH1+/LH1H2)+h.C.

soft terms: Z;(S,ST), Au.p.e(S), u(S)  spurion S = ms 62

1
£e = M/d%? [QUTQQD+ QU T, LE + Ay(HiH>)?] + h.c.
1
+M/d49 [HjeVQYUU +QYpDe VHI 4+ LYeEe VH]
+AD* (BHye™") Dy (Ce¥ Hy) + hc
To..(S), Mu(S), Yup,e(S. S1), A(S, ST, B(S,ST), C(S,ST)

T,Y dangerous FCNC = simple ansatz for their absence:

To = tQ(S) AU ® Ap T, = tL(S) AU ® g
AF(S) = (1+ ArS)Ar Yr=yr(S,S)Ar F:U,D,E
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Field redefinitions = remove redundancy

1 -2 _ 1
o= H- 2D [MaeVHI 4+ QouU AKS,ST), pue(S)

1 -2 1 1
Hy — Hp— D' [AoH[ "]+ QpoD+ o LpeE

= TQ, T.,A B, C=0 YF:yF(ST))\F F:UD,E
(5) 2
Le” ~ (m+m25) (HiH2)
E(DS) ~ (yu+zuSh HlT e QAU + (yp+20S")QAp D e*VH;r

+ (ve+2zeSTY LA E eV H] +h.c.
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Physical consequences: Higgs potential

Higgs mass & potential: not important effect

perturbativity of £ = only 12 can change the tree-level upper bound

mp < mz marginally when mp ~ my,
211 12 211 |2 g’ 2 2)2
VHiggs = m1|h1| + m2|h2| + B,u(hlhz —|—h.C.) + ? (|h1| — |h2| )
1
+ (‘hl‘z -+ ‘h2’2) (771h1h2 -+ hC) + 5 [7]2(h1h2)2 + hC]
+ (‘hl‘z — ‘hz’z) (T]3h1h2 =+ hC)
g2 =g+ g% n3: hdo operator (can be eliminated by field redefinitions)

m% + mf_, = mi + mzz +2771v25in2ﬁ—|—n2v2 vy = vcos 3, v, = vsinf3
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. 4mav? (g — 1
large tan 3 expansion: m? — m% = ——A— (n —113) +...
m4 —m5  tanf3

can be made positive but breaks perturbative expansion in 1/M
requiring 7)-corrections to be smaller than MSSM mass matrix elements =
71,3 cannot change the tree-level bound m, < mz
72 can change marginally:

5 5 16% for ma=mz (m, <105 GeV)
my — mz
—_— =

Mz 0.002% for ma ~1.5mz

quantum corrections are still needed for my, 2 114 GeV

I. Antoniadis (CERN) 18 /21



: . : Q)
Physical consequences: New couplings from L

zr O(57):
@ ‘wrong Higgs' Yukawas: H; < H;r = Martin '99 ; Haber-Mason '07
tan B enhancement of Higgs decays into bottom quarks

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

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

mp = v<\:;)§,8 ()\b + 0Ap + A)Xptan ﬂ) ANy @ zp

If FCNC ansatz is relaxed for the 3rd generation =
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@ Higgs - sfermion quartic interactions h{hz (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

I. Antoniadis (CERN) 19 /21



YF:
@ 4 pt contact interactions: f — f — F—f=>

squark production enhancement for the 3rd generation

2

&3 Yt¥b
Aggga ~ == +
W5 T M

MSSM contribution decreases with s while correction is constant
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YF:
@ 4 pt contact interactions: f — f — F—f=>

squark production enhancement for the 3rd generation

2

&3 Yt¥b
Aggga ~ == +
W5 T M

MSSM contribution decreases with s while correction is constant
o higher point gauge interactions: A—h—f—f, A2—hi —h—f—F
G hoF FE-mor 7.
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Conclusions

o Effective actions with higher-dim/hdo:
appropriate tools to parametrize our ignorance about new physics
@ hdo can be rewritten as standard two-derivatives
ghosts artifact of the truncation in derivative expansion
@ General analysis of their effects in MSSM =
classification of dim 5 (R-parity conserving):
- (spurion dependent) field redefinitions to remove redundancy
- no significant effects to the Higgs mass
- additional couplings can be important
e.g. enhancement of squark production & Higgs decays into b-quarks

@ Same method can be applied to other cases
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