PMSSM SUSY & the ATLAS Z+MET Excess

(Ambulance Chasing from the pre-Diphoton Bump Era)
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Outline & Questions

What is this excess ?

Compatibility of ATLAS & CMS @ 8 TeV ?
Scenarios motivated by the pMSSM (..which is?)
What properties do ‘successful’ model have?

What about the13 TeV data?



— |n 8 TeV data, ATLAS observed a 3c excess
in the Z(+jets) +MET search channel:

On-Z E?‘*“ Hy Hiets my SF/DF I:"_}‘“‘ sige fsr Adjetyy, E’T“‘“l Do > 35 GeV
Region [GeV] [GeV] [GeV] [ ¥ GeV] Tj
Signal regions
1Znal regions pT| > 25, 1 O Gev
SR-Z > 225 >600 =22 81 <m, <101 SF - - >04
Channel SR-Z ee SR-Z pu SR-Z same-flavour
combined
Observed events 16 13 / 29
Expected background events 42+1.6 6.4+22 Wt 32
Flavour-symmetric backgrounds 28+14 33zx1.6 6.0x206 ~1 5-20 excess eventS?
Z/y" + jets (jet-smearing) 0.05 £ 0.04 0.027003 0.07 £ 0.05
Rare top 0.18 £ 0.06 0.17 + 0.06 0.35+0.12
WZ/ZZ diboson 1.2+05 1.7+0.6 29+1.0
Fake leptons 0.1707 1213 13711
Signal region Channel {Eﬂ'}gaﬁ [fb] 55&1 5 ffp CLg pls=10) Gaussian significance
SR-Z ee + it 1.46 206 123 0998  0.0013 3.0
ee 1.00 20.2 3’:‘!_ 0.998 0.0013 3.0

i 0.72 147 97 0951  0.0430 1.7




BUT

— CMS, with somewhat different cuts, saw nothing

*  py>40GeV, pp>20GeV

* NoH;cut!

>2j

ET"® (GeV) 100-200 200-300 >300
DY background 336 4+ 89 286 +£86 | 7.7+36
FS background 868 =57 459+73 m
Total background 1204 £ 106 | 745 +11.3 QZ.S + 49
Data 1187 65 7

GMSB signal yields T
Mg = 900, mﬁ =150 221+04 11.1+£0.3 724+0.2
mg = 1100, Mz = 800 | 1.1 +£0.04 1.6 =0.05 761+ 0.1

>3]
ET" (GeV) 100200 | 200-300 >300
DY background 124433 | 12.7+£38 | 3.2+18
FS background 354428 | 265+54 | 284
Total background 478 £43 | 39.2+6.6 |(5.3+£23
Data 490 35 Q 6 )
GMSB signal yields —

mg =900, Mz = 150 | 220+04 | 11.0+03 | 71+ 0.2
mg = 1100, Mzo = 800 | 1.1+£0.04 15+£0.05|74+0.1




What about the 13 TeV Data ?

ATLAS @ 13TeV

Region EM> Hr  ijes nige SFIDF  Ad(jet;y, pi'™)  mr((3 EF™)  npjes
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Signal regions
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7 ORL
Observed events

very similar analysis

AGAIN there is an

excess!
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BUT cMS @ 13 TeV now has an ‘ATLAS’ SR analysis ...
& they don’t see anything. We’ll need to be patient to see
what happens

.
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Issues : Does the CMS 8 TeV analysis preclude a signal
in the ATLAS 8 TeV data? Are there models where
both results are consistent ? What about 13 TeV?

This is a job for the pMSSM |

Available to us are 2 sets of ~135k and ~186k points in the
19-dimensional pMSSM parameter space that survive the
8 TeV ATLAS analyses™ +DM +Flavor +EWK constraints.

Do any of them give large signals? If so, we can use them
as seeds to explore the surrounding parameter space

—»— Reminder...what is this pMSSM?

" See, e.g., 1211.7106, 1307.8444 & 1508.06608 ’



The p(henomenologicallMSSM

General CP-conserving MSSM with R-parity
MFV at the TeV scale (Flavor=CKM)
Lightest neutralino is the LSP.

1st/2nd generation sfermions degenerate
Ignore 154204 generation A-terms &Yukawa's. | 20 GeV < [M,| <4 Tev
No assumptions wrt SUSY-breaking 100 GeV < [M,, u| <4 TeV

400 GeV <M, <4 TeV
1<tan B <60
100GeVsM,, |,e<4TeV
400 GeV <q,, u,, d1 <4 TeV
200 GeV <q,, u,, d, <4 TeV

A, | <4Tev

- the pMSSM with 19 parameters

‘Throw darts’ into this space.. look at
the various predictions --then keep
points that survive all constraints




To see how this works in practice for the set of LHC searches,
have a look at how ATLAS did this analysis:

gﬁﬁ- FUBLIEHED FOR SISSA BY -ﬁ-ﬁl'ltl\{‘.l!ll

ARCHVED: Angust 57, 5003

e The subspace of points that explains
the 8 TeV excess is shaped by the
Summary of the ATLAS experiment’s sensitivity to . . .
supersymmetry after LHC Run 1 — interpreted in the fO"OWIng 3 (ObVIOUS) reqUIrementS:

phenomenological MSSM

% Generating enough Z+MET events
The ATLAS collaboration in ATLAS

E-may: atlas.poblicatlonsdcarn. ch
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What is the nature of these models?

Artiole mncled by SCOAPT



We imagine a simplified SUSY spectrum that looks
like a cascade: C— | (+j) > LSP (+2)

C Some colored sparticle initiates cascade to
provide a large enough o & the jets

Am; \
J

| M The intermediate color-singlet state decays

to the LSP (— MET) emitting the Z

Amg,
v\ . — Direct C — LSP +j decays must be

v(LSP) suppressed to pass the Ol+jets analysis

Although there are several possibilities, we find a
rather unique spectrum-type from the model scan
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Here are a few ‘passing’ pMSSM model spectra

Model 741860

Squarks - Bino —» Higgsino

Roughly (but not completely)
the rest of the spectrum is
decoupled.. but does play

some

role
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A typical decay pattern
of one of the sample
passing pPMSSM models

Using the pMSSM models
that ‘worked’ as seeds we
can explore the model

space around them to see
what parameters are required.
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« ltis useful to separate the C=Q,u,d cases as they have
different o’s & decays (if the spectrum is not quite decoupled)
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Figure 3: Signal event rate contours for the ATLAS Z4+MET analysis in the xg —x? mass dif-
ference and x! mass plane. The top three panels correspond to the case of C?L = 500,600, 700
GeV from left to right, while the bottom panels are for uwp = 450, 500 GeV and c:;'fR = 450
GeV, left to right.



These plots tell us that:

Lighter squarks are preferred to get a large rate & Q, u, d
are preferred (in that order) as they give larger c’s for the
same fixed mass .

Amg, >~ 150 GeV are preferred (a surprise?). This allows
for decays through the 125 GeV scalar but also more visible
decay products. (The precise rates depends on Q, u, or d).
This is a ‘test’ channel for this scenario.

Light Higgsino LSPs below ~170 GeV are preferred

Scans tell us more details

14



100

400 500 5O 700 800

Figure 4: Results from the simphfied spectra scan for a parent (J;-squark in the @L and
x1 + (1/50)Amga; mass plane. The vertical bars represent the coarse grid in our scan, with
the value of the mass sphitting Amg; Increasing for successively higher slices of the bar. The
color code indicates the predicted event rate for the ATLAS 20 fb~! Z4+MET channel. Black
slices in a vertical bar correspond to points_excluded hy any of the simulated searches.




How deeply are the ATLAS (0,1)-l +jets & the CMS Z+MET
searches cutting into the desired region of parameter space?
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What Do the Models Predict for 13 TeV ?

* Going to 13 TeV enhances the squark production ¢’s by a
factor of ~4 so we should expect enhanced signal rates

 There are new 13 TeV SUSY constraints to satisfy

« Unfortunately, we only have incomplete (very!) preliminary
results ready for 13 TeV (next slide)

So | can’t comment in detail on this (yet)

« Given the ~ATLAS signal region employed by CMS & their
null results we can’t draw any consistent experimental
conclusions either until more data is available..

20



Number of Z + MET events, m(Qp) = 500 GeV ~ Number of Z + MET events, m(Qp) = 600 Ge' mber of Z + MET events, m(Q) = 700 GeV

Number of Z + MET events, m

m(x;),

450 Cey Number of Z + MET events, m(ug) = 500 Ge




Summary & Conclusions

« ATLAS has observed an excess in the Z+MET channel
in both 8 & 13 TeV data

« The 8 TeV CMS analysis is different enough that their
null result can be compatible with ATLAS

 But CMS has an ATLAS-like null analysis at 13 TeV?

* The types of SUSY models that can explain this are
quite interesting and have important implications elsewhere

* As usual we must be patient & wait another ~5 months
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LSP type

Analysis All LSFPs | Bino-like | Wino-like | Higgsino-11ke

0-lepton + 2-6 jets + FI= 32.1% 35.8% 29. T% 33.5%

0-lepton + 7-10 jets + FS 7.8% 5.5% 7.6% 8.0%

0/1-lepton + 3b-jets + FAR== &.8% 5.4% T.1% 10.1%

1-lepton + jets + f:’-ﬂqm 8.0%, 5.4 7.9% 8.4%

Monojot 9.9% 16. 7% 0.1% 10, 1%

SS/3-leptons + jets + }-.'%5'55""' 249 1.6% 2.4% 2.5%

T(T/F) + jets + EIm= 3.0% 1.3% 2.9% 3.1%

O-lepton stop 0455 T.8% 8.2% 10,29

1-lepton stop 6.2% 2.9% 3.4% fi. 85

Zh-jets + ERI= 3.1% 3.3% 2.3% 3.6% A I LAS
2-leptons stop 0.8% 1.1% 0.8% 0.7%

Monojet stop 3.5% 11.3% 2.8% 3.6% Analyses
Stop with # boson 0.4% 1.0% 0.4% 0.5%

th+EX= stop 4.2% 1.9% 3.1% 5.0%

fh, olectroweak 1] 1] 0 0

2-leptons, electroweak 1.3% 2.2% 0.7% 1.65%

2-1, olectroweak 0.2% 0.3% 0.2% 0.2%

3-leptons, electroweak 0.8% 3.8% 1.1% 0.65%

4-leptons 0.5% 1.1% 0.6% 0.5%

Digsappearing Track 11.4% 0.4% 29.99% 0.1%

Long-lived particle 0.1% 0.1% 0.0% 0.1%

HfA— 77" 1.8% 2.2% 0.9% 2.4%

Total 40.9%, 40.2% 45.4% 38.1% 20




Search Reference Neutralino | Gravitino | Low-FT
2-6 jets ATLAS-CONF-2012-033 21.2% 17.4% 36.5%
multijets ATLAS-CONF-2012-037 1.6% 2.1% 10.6%
1-lepton ATLAS-CONF-2012-041 3.2% 5.3% 18.7%
HSCFP 1205.0272 1.0% 17.4% <0.1%
Disappearing Track ATLAS-CONF-2012-111 2.6% 1.2% <0.1%
Muon 4+ Dhsplaced Vertex | 1210.7451 - 0.5% -
Displaced Dilepton 1211.2472 - 1.1% -
Gluino — Stop/Shottom 1207 4686 4.9% 3.5% 21.2%
Very Light Stop ATLAS-CONF-2012-059 <0.1% <0.1% 0.1%
Medium Stop ATLAS-CONF-2012-071 0.3% 5.1% 21%
Heavy Stop (01) 1208.1447 3.7% 3.0% 17.0%
Heavy Stop (11) 1208.2590 2.0% 2.2% 12.6%
GMSEB Direct Stop 1204.6736 <0.1% <0.1% 0.7%
Direct Shottom ATLAS-CONF-2012-106 2.5% 2.3% 51%
3 leptons ATLAS-CONF-2012-108 1.1% 6.1% 17.6%
1-2 leptons 1208.4688 4.1% 8.2% 21.0%
Direct slepton/gaugino (21) | 1208.2884 0.1% 1.2% 0.8%
Direct gaugino (31) 1208.3144 0.4% 5.4% 7.5%
4 leptons 1210.4457 0.7% 6.3% 14.8%
1 lepton + many jets ATLAS-CONF-2012-140 1.3% 2.0% 11.7%
1 lepton + « ATLAS-CONF-2012-144 <0.1% 1.6% <0.1%
7+ b 1211.1167 <0.1% 2.3% <0.1%
vy + MET 1209.0753 <0.1% 5.4% <0.1%
B, — up 1211.2674 0.8% 3.1% *
AfH — 71 CMS-PAS-HIG-12-050 1.6% <0.1% *
Search Reference Neutralino | Gravitino | Low-FT
2-6 jets ATLAS-CONF-2012-109 26.7% 21.6% 44.9%
multijets ATLAS-CONF-2012-103 3.3% 3.8% 20.9%
1-lepton ATLAS-CONF-2012-104 3.3% 6.0% 20.9%
585 dileptons ATLAS-CONF-2012-105 1.9% 12.4% 35.5%
Medium Stop (21) ATLAS-CONF-2012-167 0.6% R.1% 4.9%
Medium/Heavy Stop (11) ATLAS-CONF-2012-166 3.8% 4.5% 21.0%
Direct Shottom (2h) ATLAS-CONF-2012-165 6.2% 5.1% 12.1%
3rd Generation Squarks (3b) | ATLAS-CONF-2012-145 10.8% 09.9% 40.8%
3rd Generation Squarks (31) | ATLAS-CONF-2012-151 1.9% 9.2% 26.5%
3 leptons ATLAS-CONF-2012-154 1.4% 8.8% 32.3%
4 leptons ATLAS-CONF-2012-153 3.0% 13.2% 46.9%
Z + jets + MET ATLAS-CONF-2012-152 0.3% 1.4% 6.8%

Our

Analyses
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ATLAS @ 8 TeV
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The CMS distributions all look ‘normal’...
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Bino Content
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LSP Bino Content
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A Bit More Detailed Look

Bino-Higgsino mixing generates
the appropriate couplings &
decays of l->y(Z, h) etc

The LSP Bino content is ~ few %

Splittings interesting for et+e- |

LSP-Chargino Splitting
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Fraction of Total Relic Density
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Given the LSP masses &
couplings we can ask how

it might contribute to thermal
DM.. ~3-10%

Even with this low value these
models will soon be accessed
by S| DD experiments

10-3_|....|....

og (pb)




osp (Pb)

SD direct detection is not (yet)
sensitive for any of these models

These are the (Q,u,d) BFs into
%3 (green), y, (blue) & x, (red)

They are all (Q,u,d) the same
in the complete decoupling limit
& thus there are no decays to
the charginos here
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Decays directly to the LSP
via either Z or h are somewhat
suppressed

Those to the chargino are
more significant.. charginos
are common decay products
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Most of the Z's actually arise
from this decay process & not
from those to the LSP

e e The x, level will be highly
oo populated

The chargino & x, decay via
e X3P X virtual W/Z emission into the
L T e B LSP with soft by-products

The mass splittings are large
enough that these decays are

R P S e prompt
0.00 [ ..I..JI l. - 4 _| | - A ...l...”. |.-.|J . J . |. ]
100 150 200 250 300
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« After viewing these spectra, one question you might ask
is ‘are such light squarks really allowed?’

ATLAS pMSSM x LsP

—

5=8 TeV, 20.3 fb

. qz1 [1405.787

et
oo

=
o)
Fraction of Models Excluded

ot
I

200 0.2
UU 500 1000 1500 0
m(g) [GeV]
(b) Lightest (1%*/2"¢ gen) squark / LSP.
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In principle:

C = Q-, u-, d-squarks , t- or b- squarks or the gluino
|, ¥ = bino, wino or Higgsinos

BUT (loosely speaking)

C can’t be gluinos as they don’t decay to color singlet I's
& their ¢’s are too large to survive constraints

(1,x) cannot be (B,W) or (W,B) as there is no WBZ coupling

If C = Q,u,d then (l,x) cannot be (H,W) or (H,B) as their
decays will by-pass the intermediate state. If (W,H) then
B(W— HZ) is too small (mixing suppressed)

If C =1, b then there is signal dilution & possible Ol+j issues



S0...rather uniquely
We expect that mostly C = Q,u,d and (l,x) = (B,H) .

* Increasing Am, lowers the rate & increases the jet p-
* Modifying Am,, influences the (B,H) mixing, couplings
to the Z, the lepton p; & the amount of MET

So not only will the sparticle types but also their masses &
splittings will be constrained by these many requirements
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The u & d preferred regions
are somewhat smaller than
those for Q & we see that life
is somewhat more difficult for
the d-type vs u-type models

For d’s it's much harder to
get the right rate while also
satisfying the other analyses
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