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Motivation
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[ SUSY I:> hierarchy problem [ GMSB |:> flavor problem ]
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Motivation

For MSSM
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(tan? 3 +1)2 ) |4m202 m? M2 12M2

tree level contribution dominant loop contribution

polynomial dependence logarithmic dependence
on m”fr'”fQéX'f/ Ms on stop mass
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Motivation

arXiv:1112.3068 by Patrick Draper, Patrick Meade, Matthew Reece, David Shih
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In GMSB, messenger scale has Assuming A terms vanish, one
to be high so that RG is long needs stop mass to be 5~10
enough to generate large A TeV.

term to get 125 GeV Higgs.



General problem and solution:

Vanilla GMSB generates

« A ferm at 2 loop,
- squared stop mass at 2 loop.

—> X1/Ms at messenger scale is very small.
125 GeV Higgs requires:

- very high messenger scale with very heavy gluino
- very heavy stop is needed



General problem and solution:

Is there a way to save low scale GMSB while keeping stop mass
not too high?

« Modify the model to generate large A term at
messenger scale is one option.

« Flavor problem favors to generate A term from
Higgs sector.

; ; not important
a*uFHu H, +[ardFHd H, ]——% for higgs mass

* 4/Bu problem is also a long standing problem for
GMSB in Higgs sector. Is it correlated with the A
term problem?




General problem and solution:
The A, /mi, problem and its similarity with p/By problem

W= (A;X +mi)®0;, (X)) =M +6°F

SW = Nt Hu®i®; + Aagiy Ha DD,

o~ / a4 (1—*[ XTH,H; B, ~ / d4 ff,g XTXH,H,

If p and By are generated at the same loop level
then generically 1 << By

; ' ' : _ (f-;ﬂ.g ' '
A, ~ / 120 %XT HiH, w3 ~ f a0 5 XTXHIH,

If A, and m%;, are generated at the same loop level
then generically AZ <« m?;,

2
A. /m3y, is more difficult since no symmetry forbids My



General problem and solution:

Phenomenology requirements:
+ 125 GeV Higgs: Ai~ Mgtop~ 1-loop
- viable EWSB vacuum: p~ JBu~ Mpgy ~ 1-loop

Effective Kahler potential
Kepp=Z (X, XV my  NHYH, + Z3(X, X1, my;, AVH H,
+ (£, (X, Xt myi. N H Hg + t“.f‘.)
LO in SUSY breaking:

u=FoxZ,.  Bu=|FPoxoxnZ,
A, =FovZz,, -r;rz%ﬂ — |F|Eﬂ.‘f Ot Lo

Generic expression for Z's cannot satisfy
the phenomenological requirements.



General problem and solution:

Solution:
Minimal gauge mediation is the saver!
W = AX®D; + \yij Hy 0, + Mgy Ha®,
U(1),is assigned as

R(X) = R(H,) = R(Hq) =2, R(®)=R(®)=0

Thus at 1-loop, we have

| i
[ng; = a)\? log XXUﬂE] [Z;i” = hukd%{b +clog XX/ f}]

l !

generate A at 1 loop generate both p and Bu at 1 loop

2
no miy, at 1 loop setting A4 to be zero
module to generate large A properly by a U(1)x symmetry




Model I: MSSM with large A term

I’I’?:}{{;’ji'i’%iﬂ‘)\uHu 'fﬂl'ﬁg’2+3-ffﬂ-iz QE:‘FHHuHcEﬂ‘

A :[_(,EH Hw ﬂ]% 1-loop contribution
A

dy counts the number of fields coupled to H, throughi
dHN Nmess

large N, is helpful to increase Xt/Ms



Model I:. MSSM with large A term
W =X ¢i- i+ Ay Hy - 01 - .52 tyHy - Q-U+pH, Hy+.

, el A2

sm _[ uu M }(LIH (di + 3) IGJE_FHC SHED A2

1-loop F/M 2-loop con’rmbu’ruon 2-loop contribution

0 positive negative

suppr‘eszzcgiafr?\:‘:’"b‘”'on may cause difficulty helps to trigger EWSB

for EWSB especially when

helps to trigger EWSB
especially at low
messenger scale

messenger fields
carry color



Model I: MSSM with large A term

I'{"?:}{@i'ir’%'i‘l'}\uHu 'fﬂl'ﬁgjﬁ‘l'lfin.! Q'[:‘l'HHuHcE‘F

11

QY

dm2 = —dy ' A2
v 1672
dm?2, = —d “u A

hegative contributions to the stop masses
could induce tachyonic stop

Xt/Ms ~ O(1) =) a, ~ ai

tachyonic stop problem is not trivial



Model I:. MSSM with large A term

arXiv:1203.2336 by Kang, Li, Liu, Tong and Yang

10 + 10 messenger, without F/M suppressed 1-loop contribution
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Messenger scale has to be high so that
RG running is long enough to trigger EWSB.



Model I:

MSSM with large A term

Including 1-loop contribution, low messenger scale is accessible.

5+ 5 mOdel, Mmess =2 /\, tan ﬁ :10' Nmess =4
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about 1.5 TeV.

This formalism to generate large A-term
could be attached to the any model of GMSB!



Model I:

Requiring Higgs to be 125 GeV:

5 + 5 model, tan p =10, Nmess =4

A [TeV] (for mi=125 GeV)
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d o 6 9 . 3
16?TQE'TTI%3 = X, —6g2|My|* — Eg% M;|? — EQ%S
S = -mi,u — 'ﬁ?—ird + Tr[mzq —m? —2m3 + m% + m2]




Model I:. MSSM with large A term
Requiring Higgs to be 125 GeV:

10 + 10 model, tan p =10, Nmess =2

~AlTeVl
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Lower region of A/M is open
than the previous case since
messenger has color now.
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Stop becomes tachyonic

since Ay is too large.




Model I:

Spectrum:

Mass [TeV |

A= 110TeV Muess = 220TeV

;"u= 11 Nmess: 4

MSSM with large A term

5 + 5 model

—

T My,
—\—\_\__\_\_\_\____
—
10} [ ——— M.
My . Mr,

i 1y, I ——

] S M,
My, M,

0ol — L - - L L o
1000 2000 5000 1x10% 2x104 5x10%  1x10°  2x10°

Q |GeV]

tan p =10

My, < O
at messenger scale
Not radiative EWSB

stop mass is
much lower than
other squarks



Model IT: NMSSM with large A terms, pand B y

« NMSSM provides nice solution for pand By

 If A and K are perturbative up to GUT scale, it does not
help to increase higgs mass, thus large A; is preferred.

l

Previous technique can be attached fo NMSSM to generate large At .

N
« NMSSM with GMSB requires large negative my for EWSB.

de Gouvea, Friedland, Murayama Phys.Rev.D57:5676-5696,1998
\ Morrissey, Pierce Phys.Rev.D78:075029,2008

l

The same technique can be agplied to N-messenger-messenger interaction.
Large negative m%; can be generated.
The large negative 1-loop A/M suppressed contribution will be important!

J




Model IT: NMSSM with large A terms, pand B y

] - - Giudice & Rattazzi '97
W ~ AXPD + A\, H, 2D + Delgado, Giudice
ﬂ & Slavich '07

W= X(ré? Oi+ i i) F AHy - (P1 - b2+ 01 - P2) + ANN

- | _
+ANH, -H,; — gﬁﬂ"a +uyH, -Q -U+...
i,J are gauge
indices. double the
messenger fields
to avoid N
mixing with X
* 73 Lol X, by, i 04, P4 Hy Hg, N) = (0,1,2,2,1,0,2,1)

o  U(l)x: r;rx(X.{;'J.{pT,c,ﬂ,n,E,Hu,Hd,Nj =(1,0,—-1,-1.0,1,—1,0)



Model IT: NMSSM with large A terms, pand B y

similar
story —
as Hu

f
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. 167> 1672 o
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Model IT: NMSSM with large A terms, pand B p

 Three extra parameters comparing with MSSM
(7\“9 K, }‘N)
By is not independent any more.
One more minimization equation.
> Only one extra input parameter, chosen as 2.

- Large higgs mass from stop mixing, p and By from NMSSM

——> Take X to be small.
Singlet sector almost decouples.
No large effects fo MSSM sector.



Model IT: NMSSM with large A terms, pand B y

Requiring Higgs to be 125 GeV:
5 + 5 model, tan p =10, Nmess =4

LY 1) —
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Do not have a consistent solution with small A.
Further constrains the parameter space.



Model IT: NMSSM with large A terms, pand B y

Requiring Higgs to be 125 GeV:
10 + 10 model, tan p =10, Nmess =2

 Msusy [GeV]___

Do not have a consistent solution with small A.
Further constrains the parameter space.



Phenomenology:

- Large splitting between stop and other squarks
due to extra large two loop contributions
Stop mass is generically larger than 1.5 TeV

- Sleptons, wino and bino are below 1 TeV

- Stau is generically NLSP

NLSP decays within detector since F is low.
Multilepton search would be powerful.

« Higgs is SM-like
since both A and Kk are small



Landau poles:

» No Landau poles for NMSSM couplings up to GUT scale if

Npess <6 for 5+5 model
Nipess £ 2 for 10 + 10 model

« Aumay blow up before GUT scale.

)\u
" 1672

A : - _
B, ~ 16‘:3 (3N ness + 3]2&;’% + Byf % . ] (10 F 10 messengera)
[}

help to control
the running

3 [(Npmess + 3N 4+ 37 + .. ] (5 & 5 messengers)




Landau poles:

5+5 model
Nmess=4
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Scale for new physics to enter!



Summary:

» General difficulties to have a 125 GeV higgs in GMSB

« A complete module of weakly-coupled messengers to solve the
problem.

 This module can be attached to NMSSM to deal with the p/Bu
problem.
Large negative m% is generated by the same technique!

« Interesting features of the model:

- low messenger scale

- stop significantly lighter than other squarks
- EWSB at messenger scale, not radiative

- SM-like higgs sector
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FIG. 2. Contours of constant ms in the Ms vs. X; plane,
with tan 3 = 30 and mg = my. The solid/dashed lines and
gray bands are as in fig. 1.



Fine tuning:

Au

5+5 model

Nmess =4

13—

13

10 + 10 model

Nmess = 2




Fine tuning: u is largel
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