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1 Introduction to low energy SUSY

« What 1s SUSY

 Models of SUSY
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SUSY models on market:

CMSSM/mSUGRA
GMSB, AMSB, ---




NMSSM :

PPN 1 - PP f A A P
W = Xy, HyH}S + 2r8° +Y,2,Q'UH] = Yoeyy Q' DH) - Yoo, U EH]

U(1)s. Q(1/3), U(-1/3), D(-1/3), L(0), E(0), H,(0), Hy(0), S(0)
UML) Q). U(), D), L@Q) E(L), H,0), Hy(0), S(O)
Uk Q(), U(), D), L), EQ), Hyl), Hy(1), S(1), W(3)

k—0
U(D)po: Q(-1), U(0), D(0), L(-1), E(0), H,(1), Hy(1), S(-2)

Scalar Potential:

Ve = |AHy - Hq+ &S*P +|\S]? (|Hal* + |Hu|?)
G2
8

2
Vo = 2 (HPIHS = |Ho Hi?) + = (|Ha* = |H.*)’

Veort. = ma|Hyl* + m2|H,|* + m2|S|* + (fcx/\)\ssﬂu H, + gAHS?’ + h..c.)

XU(DR* Z,

Ul (A—0,A,—0): PGB
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NMSSM:

U(L)g. Q(1/3), U(-1/3), D(-1/3), L(0), E(0), H,(0), Hy(0), S(0)
UD): Q(0), U(0), D), L(1) E(-1), H,0), Hy(0), S(0)
Uk Q1) U@, D), LQ),E®D), H0) Hy0) S(2), W(2)

eM2S =0
UD)pq: Q(-1), U(0),  D(0), L(-1), E(0), H,(1), Hy(1), S(-2)

Vot = Varssar + ??1—§|Hd|2 + ?ﬁ.iIHHIQ - '??15.|S|2
+(ANApei HLH)S + EsM2S + h.c.)

U(1)gr — Z, matter parity




NMSSM motivated from top-down view

E6 models (superstring-inspired)

l string scale

SO(10) x U(1) x -

|

at low energy: S, H,Hy + heavy particles

U(1) global PQ

to explicitly break U(1) PQ: cubic term gsﬁ

8/43



9/43
2 LHC data and implication on SUSY

(7TeV, 5/tb; 8TeV, 5/fb)

new results (8 TeV 12-13/fb) will be released at

Hadron Collider Physics Symposium 2012 (HCP2012)
Nov 12 - 16, 2012
Kyoto, Japan

 Sparticle search results and implications

 Higgs search results and implications
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2.1 Sparticle search results at LHC
------ null results

 First two generations of squarks > 1 TeV

 If only 3rd generation sfermions are light, then
gluino > 600~800 GeV
3rd generation squarks > 200~300 GeV
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Any implication from sparticle search results ?

First two generations of squarks are heavy (> TeV)

The 3rd generation squarks may still be light

Low energy SUSY (Mg5y < TeV) seems not true

- Effective SUSY
(Natural SUSY)
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2.2 Higgs boson search results and implication

« LHC: 5-sigma at 125 GeV (h—yy, zZ*,Ww+)

(di-photon signal rate is above SM prediction)

 Tevatron: 2.5-sigmain 115-135 GeV (h—>bE))
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If a light fundamental Higgs boson exists,

« SM Is not a natural, comfortable place for Higgs

« SUSY Is a paradise for Higgs

---a peaceful, harmonious place for Higgs
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SUSY:

M, < 135 GeV in MSSM

M, <150 GeV in any low energy SUSY model

125 GeV Higgs: support SUSY !
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However,

125 GeV Higgs is not so comfortable for minimal SUSY

It needs loop effects (mainly from stops)
-> heavy stops

little fine-tuning

3md M2 3m! X? X?
m2 o M2 cos? 26 + —ob In = Iy (.
M ZOOSTE At e mi  4m?v? M2 12M2

Ms = /mg my,

Xf = ‘4-& — M cot ,._'}
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Let’s check Higgs mass and property in some SUSY Models:

« CMSSM/mSUGRA, GMSB, AMSB, -

« MSSM, NMSSM, nMSSM,, -
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First, look at the SM-like Higgs boson mass

Higgs mass in CMSSM/mSUGRA (<125 GeV)
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arXiv:1112.4391 (J.Cao, Z.Heng, D.Li, JMY)
(also see papers by J. Ellis et al)
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Higgs mass in AMSB and GMSB (K125 GeV)

mAMSB: i >0, m, =173.3 GeV mGMSB: n, =1, 1 >0, m, =173.3 GeV’
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Baer, Barger, Mustafayev, arXiv:1202.4038



How to repair GMSB to give a 125 GeV Higgs ?

(1_

113

m2 ~ M2 cos*23 + 4“3L

Ms = /Mg,

Xf — .:4.-& — U cot .'8

3m; X2

> I

Xﬂ

12M2

my, reaches its maximum when X; /Mg = V6
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One way to repair GMSB: 2rXiv:1203.2336

Z.Kang, T.Li, T.Liu, C.Tong, JIMY

A Heavy SM-like Higgs and a Light Stop from Yukawa-Deflected

Gauge Mediation

Wy, = }\uS‘i)LHu + Adg‘I"LHd?

A large negative A, is generated at the boundary

A
}\E
1672

_||:4t —

And the stop soft mass squares get sizable corrections
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Yukawa-Deflected GMSB
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Higgs mass in MSSM, NMSSM, nMSSM (125 GeV OK)
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J.Cao, Z.Heng, T.Liu, IMY
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Then, look at the SM-like Higgs property

* invisible decay
» di-photon signal rate

 iImplication on stop



_ _ 24/43
Higgs decay to dark matter in SUSY
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arXiv:1203.0694
J.Cao, Z.Heng, JMY, J.Zhu



Higgs decay to dark matter in SUSY: detectable at LHC ?

GISM<BR,,,

GISM~BR,,,
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J.Cao, Z.Heng, JMY, J. Zhu

(curves from papers by T. Han et al)
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Take a careful look at MSSM and NMSSM:
arXiv:1202.5821

123GeV < my, < 127GeV J.Cao, Z.Heng, JMY, J.ZHu

(for 125 GeV Higgs in MSSM,
there are many papers, say by
T.Hanetal)

MSSM:

2l M2 a2 9/
my =~ M7 cos® 23 4+

3m; n M? N 3m} X?Z . X?
dm2v? mi  4niv? M3 12M2

X, = A, — pcot s
NMSSM:

m7, cos” 2,3 + \v?sin® 2,9
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How to enhance the di-photon rate at the LHC ?

gg > h > vy

N

hgg coupling not enhanced to enhance B(h—yy)

NMSSM: it is easy

 h-b-b coupling can be suppressed
so B(h—»yy) can be enhanced

MSSM: it is hard

* h-b-b coupling cannot be suppressed
* need a light stau to enhance hyy coupling
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arxiv:1202.5821
J.Cao, Z.Heng, JMY, J.ZHu

(see also papers by M. Carena et al)

osusy(pp = h — vy)/osu(pp — h — 77)
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How about pp—>h—>ZZ" (WW* ) at the LHC ?

- MSSM  —

o 01T 02 03 04 05 06 07 08 09 1

Ry

Ryv = asusy

. alUIsY ¢ fEI'.I
Chvv = Cpvv JCRvy

arXiv:1202.5821
1 I T T I
o K, *
LI »
0.95 | ag:‘: o 0‘3: xl:‘x ]
) e °c>c:x - . ftx
09 o L .
x
-0 ] - H
0.35_ kS -
o
0.8 | ’ .
075 —
N 0 NMSSM .
0.7 v b b by by s b s b by Loy by g1

0 025 05 075 1 1.25 1.5 175 2 225 25

Ry

(pp = h = V'V asy(pp = h = VIV

V=W Z



31/43
Finally, low energy SUSY models
confronted with 7TeV+8TeV Data

arXiv:1207.3698
J.Cao, Z.Heng, JMY, J.Zhu

Use one word to describe the status of SUSY: 7/ 2L 525 E i, 7 A i) !
- AR
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Fine-tuning
CMSSM'MSSM -
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BR(h—yy)ISM
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Rate/SM rate
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— m,=125.1, x’=9.0 P1, MSSM

—— m,=125.5, y*=16.5 SM Higgs

------ m,=125.5, f=?.3 Free couplings

e m,=125.9, ¥*=11.9 P3, NMSSM

—— m,=125.5, y*=16.5 SM Higgs

------ m,=125.5, y’=7.3 Free coup

lings
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3 Conclusion

From Higgs search (125 GeV Higgs):

GMSB/AMSB: give 125 GeV Higgs with very heavy stop, need to repair
CMSSM/mSUGRA: can marginally give 125 GeV Higgs; still survived

MSSM: can fit the data well but suffer from some extent of fine-tuning
NMSSM: nearly excluded (suppress diphoton rate)
NMSSM: most favored (can fit the data well without fine-tuning)

From sparticle search: _
First two generations of squarks are heavy (> TeV)

The 3rd generation squarks may still be light

- Natural SUSY

Higgs search:
==p Natural NMSSM

Sparticle search:
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3 possibilities:
(1) Natural SUSY

May discover stop, sbottom and gluino
(but no other squarks)

80
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(2) Split-SUSY

May discover gluino and/or chargino
(but no any sfermions)

(3) High-scale SUSY

Discover nothing
(no sparticles)

If high-scale SUSY, is it still useful ?
(see talk by Chun Liu)
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