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e GUT model: SO(10) + GMSB + messenger couplings
@ messenger-matter mixing & y; p » running

® y; — yp — Yy, unification in minimal SO(10) model



1. LHC vs. MSSM

What do the LHC searches tell us about MSSM?

Squark-gluino-neutralino model
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Limits on stop mass
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LHC vs.

What do the LHC searches tell us about MSSM?

Squark-gluino-neutralino model
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@ m ~ 125 GeV — need for large loop corrections

ASSUME other MSSM Higgses are much heavier and masses of @172 and g are
bigger than 1.8 TeV.



1-loop corrections to myo

@ dominant contribution from top quarks and stops (due to y: ~ 1):
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A-terms in GMSB

@ in GMSB models A-terms = 0 at messenger scale
10g,0(Miness/GeV) for my, = 123 GeV
d14t 2
— ~ YA+ g3 M
K dps t At T g3 M3

@ hard to reconcile

@ Myo Z 123 GeV

pure GMSB mechanism

light stops
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o large A-terms at M?



6. How to generate large A-terms?

o value of A-term gives initial condition for RGE evolution

dA,;
MW ~ yfAt +9§M3

Signed Value [TeV]

@ heavy g and RGE evolution
from M > 10'* GeV
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@ how to get A-terms in GUT model?

Extended GMSB models (EGMSB) |




7. SUSY breaking mediation

¢V | €——

visible sector ~ messengers hidden sector
SUSY breaking

@ singlet (X) = M + 02F — spontaneous SUSY breaking
F
£="— ~10°GeV
M

@ messengers have large masses e.g. M ~ 10% — 10 GeV
mediation = interactions between Y,Y and other fields

@ assumption: all messengers couple to the spurion X in the same way
XYaYa

and M > 108 GeV — 1-loop soft masses negligible



8. SO(10) GUT model

e at Mgur ~ 10'°GeV: SO(10) — SU(5) x U(1)y — ...

@ chiral matter ®
Hl() : 10*}52 +5_2, ¢16 : 16 — 10_1 +53+1_5

@ messengers Y = (Yie, Yig)

1
W = yHiop16P16 + hH10916Y16 + H10Y16Y16 + H10Y15Y16 + iMYmYﬁ
—_——
mass term
o y=1y(teur) = yo(tour) = y-(taur)
e ¢1 = Ng, Y1 and Higgs triplets masses ~ Mgur

e only couplings to 3rd generation

Wy = é)\ijk@iq’j@k = %yabcq)a(bbq)c + %hab(baq)bY 4+ ha®YY +1YYY

What are the soft terms?



9. Trilinear terms in EGMSB models

1 1
W = éyabc(pa(pbq)c + ihabq)aq)bY + he®,YY + UYYY

Vo Tabcia&)bgﬁc, Tobe = CohadhleYeve + . ]+ (a < b)+(a < ¢)

§
"o |

o Ty are ‘partially aligned’ to MSSM Yukawas ygpc




10. A-terms in EGMSB models

V 5 HO(T)U + HaQ(T1)D + HiL(T,)E

o (Tuae)ss =: YebrAtpr

Ay, ~ ——165 SOz cbbT) = 10,1211
’/T

o A-terms
e relevant to the mo
e may also lead to CCB when
A > 3(mf~;L + m?;R +u® +my,)
o affect sfermion masses m
1,2
(f* }-’*) m%LL mf(Af f,utanﬂil) ‘Z:L
LIRI\ my(Ap — ptan gEh) m?RR fr

— fl may be tachyonic



11. Soft masses in EGMSB models

@ 2-loop contributions to soft masses

Wy = hDaYY + hUDepY

Y Y
~ h4 hSy’h2y2 ~ h292
€2 h4 h3 h2 2 h2 2
mq) h (4,”)4( + Yy— Yy - g )




12. 2-loop soft masses induced by YYY

Wy = h{D @YY + 1 ®;0,Y + nYYY
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Remark: 7 are relevant only if a model contains both 5+ 5 and 10 + 10 messengers




Kinetic mixing

fields Y, ¢ with the same charges can mix: ¢16 <> Yis

Q<+ Yo, U+ Ys,... (in some models: Hy <> L <> Y1)
@ superpotential and Kéahler potential K at scale t = log
W= %,\ijkcpicbj@k + %Mijcbgbj, K=9®Z;t)®;, Z=2'7Z2>0
@ couplings A(t) and masses of canonically normalized fields &; = Z i;l/ 2<I>J-

Y —-1/2 >—-1/2 »—1/2 T —-1/2 >—1/2
Nijk(t) = Ny 2,122,227 Mig(t) = My 2,122,

° ’ RGE evolution of Z (re)introduces mixing mass terms! ‘

e.g. . o
W = M1Y16Yig + Madr6Yig + - .-

@ important for decouplings and running Yukawa (couplings between light
states)!



14. Decoupling and running

1 1
W= 6/\ijk¢‘i¢'jq>k + EMijCE'(I)j, K=9®!Z;)®;, Z=2"7Z>0

@ method 1 - rotate ® = Z~/2® such that at least one field in
representation 16 of SO(10) is massless

@ method 2 - instead of computing Z7'2 and then rotating ® use

Cholesky decomposition of Z:
ot =~ 5 . * % 1)
v a-(2)-( ) (%)
———
e
Xk () = Nirjrn Vi Vi Vi
@ one can check that

Y )\abc .
Aabe(t) = ———0—=, « — light fields
’ () Z(L(Lbech ¢ & o



15. Standard RGE vs. Z
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Evolution of Z from GUT scale tgyr

@ RGE for Z(t) with boundary condition Z(tqur) =1

d 1

%= g3 ( AN Zr, Zint " Agmn —2C§;>Zi.7‘93)

dy; and Cirj - group theory factors
@ solve numerically or use approximate solution:
Zij(t) =1+ Z(l)(t —teur) + o Z(Z)(t —tour)’ + ..
@ to compute Z(™) one needs all Z(¥)| k < n

o Z(") are expressed in terms of € = In 10/1672, Aijks Ak, gguT and
ﬁgr(tGUT)



17. Z for SO(10) model

@ RGE for Z(t) with boundary condition Z(tqur) =1

d 1
—Zij = — 5z

—1% (r) 2
di ( dMAzklZ Zln /\jm7b_2Cz‘j Zij9r>

@ e.g for SO(10) minimal model with superpotential

W = yHiop16¢16 + hH10¢16Y16 + MY16Y1g

6
Zu,H, = 1+ gﬁ[SgéUT —5(2h% —y?)|(t — tqur)

24
P 299%y 7 + 35(2h% + y?) — 252 + 4h%y? + y)](t ~ tour)®
“+...
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Phenomenology of minimal SO(10) model

@ scan over parameters
<t <14, 06<y<09, 0<h<12
@ check low-energy constraints
mpo & 125GeV, Mgz , > 1.8TeV, UFB/CCB, ay,

@ for moderate tan 8 ~ 20: no tachyons, 7 is NLSP , but threshold
corrections to yp,» ~ 200% or more are needed

@ to get ~ 20% threshold correction for y, one has to fix tan 8 ~ 45 —
tachyonic 7

@ to avoid instabilities of the potential one could extend spectrum or
allow additional messenger couplings



20. Conclusions

@ messenger couplings A not only generate soft terms but can also lead
to kinetic mixing

@ wave-function renormalization Z is a handy tool to analyze RG flow of
Yukawas; this method can be implemented in a similar way at 2-loop
level

@ phenomenology of the simplest SO(10) model is spoiled by tachonic 7
— extend spectrum or allow additional couplings



