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Near 125 GeV Higgs at ATLAS
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Find the most constrained version of the NMSSM consistent with a
un Jiang .
(UC Davit) fairly SM-like Higgs at 125 GeV and implications thereof.

Motivation

@ The MSSM has been explored in numerous papers with a
general conclusion that the MSSM—especially a constrained
version such as the CMSSM—is hard pressed to yield a fairly
SM-like light Higgs boson at 125 GeV when satisfying all the
constraints including a,, and Qh?.

@ The NMSSM has also been explored showing that for completely
general parameters there is less tension between a light Higgs
with mass ~ 125 GeV and a lighter SUSY mass spectrum.

@ However, none of these studies were done for a constrained
version of the NMSSM.
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e We have examined the following models:

@ Model I: U(1)g imposed, constrained NMSSM (cNMSSM)
Methodology mo, myj2, Ao = At bri A=A =0

o Model II: U(1)g imposed, NUHM
mo, My, My,, My, Ao = Atpr, Ax=Ac =0

o Model Ill: NUHM, with general Ay and A,
Mo, My/2, My, My, Ao = Acbr, Ax, Ax

The constraints are imposed at the GUT scale and then low-scale
parameters are obtained by RGE evolution.
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Yun Jiang

(UC Davis) MCMC Scan @ Random Scan
mg € [0, 3000] : mg € [0, 2000]

bl my /5 € [0,2000] : my /5 € [50,2000]
Ag € [—6000, 6000] | Spectrum | Ag € [—4000, 4000]
§ tan 8 € [0, 60] @ SUSY tan 3 € [1,50] @ SUSY
£ mZ € [-25,25] x 10° @ GUT mZ € [-9.9] x 10° @ GUT
mf_,d € [—25,25] x 10° @ GUT Predictions "i'd € [-9,9] x 10 @ GUT
o0 \ € [0.1] @ sUSY | EWPOs | |Flavor PhyS|cs| A € [10-4.0.7] @ SUSY

A, € [—6000, 6000] |Higgs Physicsl | Dark Matter | A, € [—4000, 4000]

A, € [—4000, 4000]

A, € [—6000, 6000]

| Indirect low-energy observablesl

Experimental Constraints |

Random Scan: most points, 5 x 10% points for each scan
Markov Chain Monte Carlo (MCMC): (almost) good points around 125 GeV
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CNMESM and LEP/Teva | B-physics Qh% >0 63, (x10%0) T mp, Remark
125 GeV [ ] v X X X X
Yun Jiang u i v X X X
(UC Davis) + v V4 <0.136 % %
X N4 Vi X 5.77-49.1 X
A V/ V <0.136 5.77-49.1 X

Methodology | RSN v v 0.094-0.136 | 5.77-49.1 | <123
A Vi Vv 0.094-0.136 5.77-49.1 >123 perfect
almost perfect

@ All points give a proper RGE solution, have no Landau pole, have a
neutralino LSP.

@ Higgs mass limits are from LEP, TEVATRON, and early LHC data; SUSY
mass limits are essentially from LEP.

@ B-physics constraints

Observables Constraints

AMy 0.507 £ 0.008 (20)
AM;, 17.77 + 0.24 (20)
BR(B — Xs7) 3.55 4+ 0.51 (20)

BR(B" — 7tv) (1.67 £ 0.78) x 1074 (20)
BR(Bs — putp™) < 1.1x107% (95% C.L.)
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@ As for the y final state, for mp, 2 123 GeV the predicted rates
in the VV channels are very nearly SM-like for perfect or almost
perfect points.

@ We did not find perfect or almost perfect points with mass
above 126 GeV.
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125 Gev hy — a1a; decays? NO! (not surprising given Ry, (vy) ~ 1.)
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Large BR is possible while satisfying basic and B-physics constraints.
However, BR < 0.2 once additional constraints are imposed. Thus, a
light Higgs has nowhere to hide in these models.

128
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@ In the mp, € [110 — 150] GeV region, points only pass the basic
constraints and the B-physics constraints and not the others.

@ Thus, it appears that within these constrained models with GUT
unification conditions it is the h; that must be identified with
the Higgs observed at the LHC.
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SUSY Searches
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@ All the (almost) perfect points with mp, 2 123 GeV have squark
and gluino masses above 1.5 TeV and thus have not yet been
probed by current LHC data sets.

o It is quite intriguing that the regions of parameter space that
yield (almost) perfect points with a Higgs mass close to 125 GeV
automatically evade the current limits from LHC SUSY searches.
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NUHM2: y >0, m, = 125 +1 GeV, m, =173.3 GeV

1le-09 T

le-10

Results 107

le-11 L L = I I
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CMSSM, Baer 1112.3017 NUHM-NMSSM

m, (TeV)

@ Slightly relaxing the da,, requirement to almost perfect makes it
much easier to find viable points with mp, ~ 125 GeV. Thus
there is a mild tension between good da,, and large mp,.

@ The tension between da, and my, = 125 GeV is less in the
NMSSM with NUHM relaxation than in the MSSM with NUHM
relaxation.
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NUHM2: u >0, m,, = 125 +1 GeV, m,=173.3 GeV

Higgs near W 10 1e+08
125 GeV a
10 le+06 -
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1
Results 10 ; Ir
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@ There is a lower bound on Qh? for each LSP mass.

@ The maximum LSP mass increases a bit if the §a, constraint is
relaxed to the almost perfect level.

@ No obvious difference with CMSSM.




GUT Scale Parameters

The Model Il Model 111
Cf'!:{s'zf":e::‘* [ P.# | 1 [ 2 [ 3 | 4 [ 5 T & [ 7 ]
125 GeV tan B(mz) 17.9 17.8 214 15.1 26.2 17.0 242
S Fenr A 0.078 0.0096 0.023 0.084 0.028 0.027 0.064
(UC Davis) K 0.079 0.011 0.037 0.158 -0.045 0.020 0.343
my /s 923 1026 1087 842 738 1104 1143
mo 447 297 809 244 1038 252 582
Ao —1948 | —2236 | -2399 —1755 | -2447 -2403 -2306

-251 ' -385 ' -86.8 '

Results Ay 0 0 0 -2910
-920 ' 883 5199 '

Ak 0 0 0 520802

mf,d (2942)% | (3365)% | (4361)% | (2481)% | (935)% (3202)% | (3253)°
my (1774)% | (1922)% | (2089)% | (1612)% | (1998)% | (2073)> | (2127)?

mp, 124.0 125.1 125.4 123.8 124.5 125.2 125.1

@ Modest Ay and A, from MCMC scan due to our setting |Ay | < 1 TeV, while
almost perfect point (#7) from completely random scan has quite large Ay and A,
values.

@ However, the general random scan over Ay and A, did not find any perfect points
with mp, 2, 124 GeV, whereas such points were fairly quickly found using the
MCMC technique.

@ This suggests that such points are quite fine-tuned in the general scan sense.



Higgs Content

Model Il Model IlI

The

CNMSSM and | Pt # \ 1 \ 2 \ 3 \ 4 \ 5 \ 6 [ 7 ]

D e Mhy 1240 | 1251 | 1254 | 1238 | 1245 | 1262 | 1251
mp, 797 1011 1514 1089 430 663 302
Ma 66.5 983 | 3.07 1317 430 | 352 | 302

Results

RM () 0.977 0.970 | 0.980 0.980 0.971 0.768 0.975
RM (Z2Z, WW) 0.971 0.962 | 0.974 0.974 0.964 | 0.750 | 0.969

0.59 ' 0.72 '
e 127 | 1.47 157 | 1.34 | 1.20

@ For the (almost) perfect points with mp, 2 123 GeV, the hy is very SM-like since
all C's (and R's) are close to 1.

How well do the points above describe the ATLAS Higgs data?

@ The smallest x3_as. of order 0.6 to 0.7, is obtained for mp, ~ 124 GeV because
at this mass the ATLAS fits to Rt (~v7v) and RM (4¢) are very close to 1.

@ For my, ~ 125 GeV, the RM1's for the ATLAS data are somewhat larger than 1

leading to a discrepancy with the NMSSM SM-like prediction. Roughly, Xlz-\TLAS is
of order 1.3 to 1.6.




Spectrum

[ 1 Modelll |~ Modelll ]
CNM-SI—::/I and l Pt. # [ L [ 2 [ 3 [ 4 [ 5 [ 6 [ ™ l

Higgs near
125 Gev mg 2048 | 2253 | 2397 | 1876 1699 2410 | 2497
N mg 1867 | 2020 | 2252 | 1685 1797 2151 | 2280
(UC Davis) my, 1462 | 1563 | 1715 | 1335 1217 1664 | 1754
mg, 727 691 775 658 498 784 | 1018
me, 648 581 878 520 1716 653 856
Meg 771 785 | 1244 | 581 997 727 905
mesule ms, 535 416 642 433 784 443 458

398 446 472 364 408 471 478

0.914 '
g 0.506 | 0.534 | 0.511 0.529 0.464 | 0.370
fuv 0.011 0.009 | 0.008 | 0.012 0.002 0.009 0.009

0.083
iy 0.483 | 0.457 | 0.482 | 0.459 0.528 0.622

fs 107* | 107® | 10°° | 107* 10~° 10~* | 10°°

@ mz and mg above 1.5 TeV. even above 2 TeV. Although f; mass is distinctly below
1 TeV, detection of the #; as an entity separate from the other squarks and the
gluino will be quite difficult at 500 GeV — 1 TeV. Thus discovering SUSY may
require the 14 TeV LHC upgrade.

(] mgo is rather similar, &~ 300 — 450 GeV. And the ig has an approximately equal

mixture of higgsino and bino except for Pt. #5.
@ g is small for all points, = EW fine-tuning problem may not be severe.
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Xoxe — WTW™(31.5%), ZZ(21.1%)

XaXs — WTW™(23.9%), ZZ(17.1%)

Xaxe — WTW™(36.9%), ZZ(23.5%)

531 | 0.135 XO%° — bb(39.5%), hy a1 (20.3%)
_— 489 | 0.128 771 — 77(17.4%), XIX$ — W W™ (14.8%)
7* 4.96 | 0.101 XIX9 — WHW—(17.7%), ZZ(12.9%)

@ There is some variation in the primary annihilation mechanism, with 737, and )Zg)zg
annihilation being the dominant channels except for Pt. #2 for which v, 7, and
v,v, annihilations are dominant.

@ In the case of dominant 7171 annihilation, the bulk of the X¢'s come from those 7's
that have not annihilated against one another or co-annihilated with a )zfl’

@ All the points yield a spin-independent direct detection cross section of order
(3.5 —6) x 1072 pb, i.e. well within reach of next generation of direct detection
experiments for indicated )zg masses.
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(UC Davit) U(1)g imposed CNMSSM is NOT able to yield a fairly SM-like
125 GeV Higgs once all constraints are imposed.

e U(1)g imposed NUHM allows quite perfect points with a
SM-like Higgs near 125 GeV satisfying all constraints.

Conclusions

o Perfect and almost perfect points prefer to have relatively small
Ay, A, values.

o Direct detection of SUSY may have to await the 14 TeV upgrade
of the LHC, but direct detection of the LSP will be possible with
the next round of upgrades.
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Work in Progress
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o If future data confirms a 47 rate in excess of the SM prediction,
then it will be necessary to go beyond the constrained versions
of the NMSSM considered here.

urther
Seudice @ The random scan of the full parameter space for the general
NMSSM without any GUT unification is in progress.
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Thank you for your attention!

Thanks to Profs. Gunion and Kraml for their patient guidance and help.
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x2/Likelihood Definition

e - wi (1exp
cm_v.-sr;'.v. and @ Type I: with a central value &;
Hllgé’c":\;" (él) _ ggl)exp)z
Yun Jiang 200y ;
s X (&) =
(UC Davis) Z Uz(&-;')) + Tz(égl))

Examples: BR(Bs — X.s'y), AMs, AMy, BR(BT — 77v;),
BR(B — Xsp"pu™), m™ and ATLAS signal strength best-fit.

@ Type II: only having an upper/lower bound limit f_f“)

af.“)—é,ﬁ“) -1
Likelihood(f("))_H(l—kei v )

i

in the exponent + for upper limit/- for lower limit
Examples: BR(Bs — p"p™) and QA%

o(&:): experimental (statistical and systematical) uncertainty
7(&): estimate of theoretical uncertainty

x2(M)

Total Likelihood = Likelihood(¢!")e™ "2
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(uc D;vif) Rhi(X) - r(gg — h,) BR(/’I, — X)
M(gg — hsum) BR(hsm — X))’

@ SM denominator computation:
1) NMHDECAY computes the reduced Higgs couplings
Ch;y = 8h;v/8heyy Where Y = gg, VV bb, 7777 7y, ...
2) Ths(Y) = Thi(Y)/[CY]? = T BR(hi = Y)/[CYT?
3) Mgt = 30, Th(Y)
4) BR(hsu — Y) = [ (Y)/Tsy

. BR(h1 — Y
Rh‘ (X) = CiiggCIiX Z (C12 )
% hiY




BR(h; — aja1) Figures (log scale)
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Large BR is possible while satisfying basic and B-physics constraints.
However, BR < 0.2 once additional constraints are imposed. Thus, a
light Higgs has nowhere to hide in these models.
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No tension between Qh? and da,, in the NUHM-NMSSM.
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