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The CMSSM is famous for the small number of parameters, only including
four and ’half’ parameters at Grand Unification(GUT) scale, the universal scaler
and gaugino mass parameters My and M; /5, the universal trilinear coupling Ao,
the ratio of two Higgs doublet vacuum expectation value tan(, and the sign of
the Higgs/Higgsino mass parameter sign(u).



CMS Preliminary L _ =4.98fb",\s=7 TeV

MSUGRA/CMSSM: tan = 10, A = 0, u>0
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T'hen the 125 GeV Higgs 1s discovered at LHC ...
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And no significant signals have been observed in SUSY
searches at LHC and DM direct searches.
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T'he favored parameter space changed ...
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Dark matter annihilation mechanisms

* — — CMSSM: best fit, 10, 20
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Stau coannihilation and LHC

MSUGRA/CMSSM: tang = 30, A = -2m,, u>0
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A/H Funnel and B decay
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Focus point region and DM direct detection

_s BayesF'lTS (2013) 10-41 V f v CMSSM: beSt fit, 10', 20
Posterior pdf * Bestfit .42
-6 CMSSM. 1 >0 inner: 1o region 4 10 ]
- a outer: 20 region 43
Log Priors 10 i
BR(B, —p"* pi~ ) =(3.5+0.25) x10™* (proj.) a4 [ X
| T 10744} s
-4 e
= 107
o
[ -4
= 10 :
S . 47 :
10 k e
|
10 '.
!
-4 B
10 9 4 R -~ .- -
-50
—120 - - . 10 L I L "
250 500 750 1000 1250 1500 1 4
m, (GeV) 10° 10 10° 10’ 10



13 TeV LHC and LUX 2016

gg production, B(@ — qq %,)=100%
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Statistical framework
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Statistical framework
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Likelihood function

p(D|®) = L(O)

InC =InLwyap +InLegw +InLp + l’nﬁg_z + lnﬁmh
+HinLrpgc +InLrux +InLrep + lnLHiggsCouplz’ng

Observable v o(exp) | 7(th) References
Q, h* 0.1186 | 0.0031 0.012 arXiv:1303.5076
Aa, X 10" 28.7 8 10.0 Eur.Phys.J. C71, 1515 (2011)
BR(B — X.7) x 108 | 343 | 022 0.24 arXiv:1412.7515
BR(BY — p*p~) x 107 2.9 0.7 0.29 arXiv:1411.4413
R(B- =1 1) 1.04 | 024 | 024 arXiv:1412.7515
mp 125.36 0.41 2.0 arXiv:1406.3827
My 80.385 0.015 0.01 Chin. Phys. C 38 (2014) 090001
sin?0(Mz)(MS) 0.23153 | 0.00016 | 0.00010 arXiv:hep-ex /0509008




Limits from LHC SUSY search

MSUGRA/CMSSM: tan(p3) = 30, A0 =-2m,, 1L >0 Status: ICHEP 2014
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ATLAS 13TeV 13.3 /fh  2~6jets + MET

The jets+EMISS Meff-based search

The Recursive Jigsaw Reconstruction technique
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ATLAS 13TeV 14.8 /tb 0/1 lepton + 3 bjets + MET
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Limits from LHC SUSY search
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Estimate the impact ot 13 '1eV LHC
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Impact of 13 TeV LHC and LUX WS2014-16

Input parameter | Prior fuction Range

My (GeV) Flat, Log 100, 10000

M; /o (GeV) Flat, Log 100, 4000

Ao (GeV) Flat -10000, 10000
tan FLAS 2.0, 65.0

sign () Fixed +1
my Gaussian 172.940.91
CMSSM ATLAS 7 TeV 32.6/23 8.8% 340 910 2670 12

u>0 | ATLASy/m (low) || 35.8/23 | 4.3% | 670 | 1040 | 3440 | 21
ATLAS0s (high) || 35.1/23 | 5.1% | 5650 | 2100 | -780 | 51
CMSSM | ATLASy/m (low) || 38.9/23 | 2.0% | 330 | 970 | 3070 | 10

u<0 | ATLASy,g (high) || 36.6/23 | 3.6% | 6650 | 2550 | -3150 | 39




Constraints on a single parameter of interest

The Bayesian marginal pdf:
p(6;D) = / p(©[D)db...d0;_1db;1...db,.
The frequentist profile likelihood function:
L(6;) = max L(O).
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Impact of 13 TeV LHG and LUX WS2014-16
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Dark matter annihilation mechanisms

71 coannihilation: mz /mgo —1 < 0.15
A/H funnel: [ma/2mgo — 1\ < 0.2
Focus Point: [u/mgo — 1\ < 0.4
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A Funnel region

BayesFITS (2013) BayesFITS (2013

10000 T ey
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2 o 1500
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T — 0 500 1000 1500 2000 2500 3000 3500 4000
m, (GeV) my (GeV)
BR (Bs = ptp™) . x10° | 3.2 +1.5 — 1.2, 10% (0.32) Gaussian [5]
BR (Bs = pu7) s X 10° 3.5 (3.2%) 0.18 (0.16%), 5% [0.18 (0.16™)] | Gaussian [5]

3.5 +0.182 +0.182 = 4

BR(BY > ufu)x10° | 29 0.7 0.29 arXiv:1411.4413

2.9+ 10.724+0.292 = 4.4



Before the conclusion

Observable Mean value Standard deviation Ref. 1508.05951
Experimental Theoretical
my [ GeV] 80385  0.015 0.01 571  ay—aM (28.7+8.0) x 10-10 (82,83]
ST 0.23153  0.00016 0.00010 [58] sin? Ougt 0.23113 +0.00021 [84]
I’ z [ GeV] 24952 0.0023 0.001 [59] my (173.34+0.27 + 0.71) GeV [85]
g%‘" (GeV] 0-43 3-0015 0.001 577y (80.385 +0.015) GeV (86]
s (nb] ;(‘)3 o O'g;; - Eg} Am; (17.719+£0.036 £0.023)ps~!  [87]
y . ) - -9
RO 021629  0.00066 ) 59] HAB(Bs — up)  (2.90£0.70) x 10 [88]
b . . -4
BR(B — X,y) % 10* 3.55 0.26 0.30 571 #B—1v)  (1.05+0.25)x 10 (87]
S 1.62 0.57 - [60]
BR(B® — p* ) x 10° 29 1.1 0.38 [61]
QK 0.1186 0.0031 0.012 [62]
m: [ GeV] 125.36 041 2.0 [63] 1 606 03 5 7 7
1 . 7 2 . Observable Constraint Likelihood function
608 00 8 i (6) ppon-DCS L{DPovDCS |1 (6)] Comment
n 1 | B(b—sy)[45] | (3434 0.21% + 024" 4+ 0.07Y%) x 1074 Gaussian reweight
‘ ?J:;‘:'::""";" 2 | B(B, — up) [46] (2940.7 £0.29*) x 10~° Gaussian reweight
"L runne 3 R(B — tv)[45] 1.04 +0.34 Gaussian reweight
- 4 Aay [47] | (26.1 £ 6.3P + 4.95M +10.05U5Y) x 1010 Gaussian
s ™ 5 as(mz) [48] 0.1184 + 0.0007 Gaussian
‘33_, el 6 m, [49] 173.20 + 0.87 + 1.3 GeV Gaussian reweight
= 1o 7 my, (my,) [48) 419708 Gev Two-sided Gaussian
- 8 m LHC: m'" = 120GeV, m"™®" = 130GeV Lif o™ < my < my®” reweight
00 " R Th 0ifm.,<m{l"“'orm|..>m:‘3h
: 55 9 Hh CMS and ATLAS in LHC Run 1, Tevatron LiuiTH 1.01 [50, 51] post-MCMC
o . LEP [52) 1if allowed
10 | sparticle masses . .
(via MICROMEGAS [53-55]) 0 if excluded




13 TeV LHC and LUX WS2014-16

CMSSM

Most of the Stau
coannihilation are
excluded by 13 TeV
LHC.

Some of the focus point
region are excluded by
the new LUX data.

There are some parameter
space in A funnel region

which will be very hard to be
detected.




13 TeV LHC and LUX WS2014-16

CMSSM

TANK YOU!

K

SRR I e YDIE P
2016.09.23 XBMKZF




BACKUP



Particle mass (GeV)

T'he Higgs and supersymmetric particle mass spectrum
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MARKOV CGHAIN

A discrete-time Markov chain is a sequence of random variables
X1, X2, X3, ... with the Markov property, namely that the
probability of moving to next state depends only on the present

state and not on the previous states.
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MARKOV CHAIN MONTE CARLO

ME— 1N EREE AP SKEE, FEZIRKENERLMIETEp(X), BBAFNIMIER— P #IIEIRESX0
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ERNTFEET n(x) BIFEEAXN,xn+1:

METROPOLISHASTINGSSAMPLER (79, ¢, T', )

S « 0.
fort«<— 1to T,

Sample z, ~ q(.|z¢—1) and u ~ U(g 1)

=W N

Form the acceptance ratio

o () q(-’rt-llw*)) |
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