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e Compressed SUSY:

o Small mass difference (Am) between the produced SUSY particles, and the lightest
SUSY particle (LSP)

o Am determines the allowed decays and the kinematics of the final state particles

o In this talk: Am < m,, ( ex. W and t are off-shell ) A

e Challenges:

o Due to small mass splitting, final state particles

LSP mass

are soft (low transverse momenta)

— Often too soft to pass the detector thresholds

— Unless: an initial state radiation (ISR) is present!

® The SUSY particles become boosted and therefore
can enter acceptance m,y m top squark mass

e Challenging region, but highly motivated!

o relatively light stops/sbottom still allowed in this region!

o Coannihilation between the stop and the LSP can help produce the correct dark
matter relic densities
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=Y eony Compressed Simplified Models
e Soft-Opposite-Sign (soft 24): ® Shottom/stop search:
o CMS-PAS-SUS-16-048 O  CMS-5US-16-032
e Soft Single-Lepton (soft 1£): O arXiv:1707.07274
©  CMS-PAS-5US-16-052 e MT2 (Inclusive 0f):
e All-Hadronic search (stop 0f): o CMS-SUS-16-036
o CMS-SUS-16-049 O arXiv:1705.04650

o arXiv:1707.03316
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*  Branching fractions assumed to be 100%

life times are not taken into account for the four-body decay
*** chargino mass is set half between stop and LSP
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-16-048/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-16-052/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-16-049/index.html
https://arxiv.org/abs/1707.03316
https://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-16-032/index.html
https://arxiv.org/abs/1707.07274
https://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-16-036/index.html
https://arxiv.org/abs/1705.04650
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e Selection: . _ _
o Two soft leptons with opposite signs Chargino-mediated }
— 3.5GeV<p,(n)<30GeV ) T
— 5 GeV<p,(e)<30GeV | ::\ i _ij;;)
— Dedicated dimuon trigger — lower p_™* thresh. y N
o N, = O reduce ttbar k gf )
o  M(rr) reduce DY— 17 r ~
e Backgrounds: e o ’
o DY — 1, ttbar P B LA &
— Dedicated CRs for each process in bins of me‘SS > ﬁ e 2
o Diboson: From simulation, validation with data \\ .
o Nonprompt leptons: “Fake-rate” method ) M
: : (g oo TS BRI ) (T RS 52T )
® Two sets of S|ghnal regions: 8w Dmsso,zom <P miss <20& . EE(%BHWQMS <P <200
o Stop Search: F g
— Includes all flavor combinations ZZ o b, ur
— Binnedin p (f), p,™* i
o “Ewkino” Search: -
— Motivated by higgsinos | . T
—  Only same flavor leptons B s mteis e o S 2 mmans e o -
— Binned in M({), meiss L g ; 7
L Leading lepton P, [GeV] ) U M(Il) [GeV] y
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For more on Higgsinos see Henning’s talk
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35.9 fb™ (13 TeV)

@ L e e S
5 CMS — T2tt(500,470) [ Singletop [ W+jets

I . > 0P — T21t(375,365) HEQCD (1)

[ Se ection: W 10" preiminary 4 pata(35.9fb”) VY ()
I ttX B Zy* +jets

Preselection Bzt

o Soft single lepton ( 2nd hard lepton veto )
— 3.5GeV< pT(p.) < 30 GeV
— 5 GeV<p_ (e)<30GeV

o Require a high-p_jet as ISR

e Two sets of Signal Regions (SRs):

o SR1 (targeted to very low Am)
— N,_=0, moderate pT'SR
— Binned in combined variable C_ (p.™", H,)

Data/MC

0 20 40 60 80 100 120 140 160 180 200

o SR2 (targeted to larger Am) Pr() [GeV]
. 35.9 b (13 TeV)
— One soft b-jet ( but no hard ones) £ CMS | — TBnG004T0) E3Shgeton | mavaets |
ISR 210 "S  —Tat(s75,365) EmaCD (1)
— La rger pT Preliminary 4 Data(35.9fb™) =nx =Z~({*+)jets
. [0 Z-vv+jets
—  Binned in combined variable C_(p.™*, p,*") fo*

. Preselection

o SR1and SR2 binned in p_(l), m_ (44 SRs) 10°
e Backgrounds: 10°

o Prompt: W+jets and ttbar
— Normalization from p_(I) >30 GeV, shape from MC

10

o Nonprompt estimated with “fake-rate” method h: B R U S D0 VS WY
g T - -

o Rare-backgrounds from MC £ o5t :
00_ 20 40 60 80 100 120 140 160 180 2-00

Mr(l, E™*%) [GeV]
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Soft 1{: Results and Interpretations

CMS

No significant deviation from SM is observed

35.9fb" (13 TeV)
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Interpretations :

o Chargino-mediated:
— Masses of up to ~540 GeV
o Four-body decay exclusion:

Masses of up to ~500 GeV

Chargino-mediated
f
p fgl Né'f/
S SR
RN CHEA
y © SN
f
b J
Four-body decay §
f
p [ — 4
e~ X1

( CMS Preliminary 35.9fb" (13 TeV) )
= 100 - =107
© pp—)tttex b, > b1, NLO-NLL ! :
(.2. 90 =Observedi1c(theory) =
?’:s‘- gol=i Expected J_r‘1 cs(expe“riment) ]
E o0 ‘ i
g 7o ". =10

60 ' .
50 ,-' ]
40 =i
30F , .
201 ' m(z5)=0.5*(m(+m(@’))

:\ I L | i :I |II|, L O —1
10%300 400 500 600 700 800 '°

\_ m(t) [GeV] )

4 160 CMS Preliminary 35.9 o' (13 TeV) )
— w10
= . - =
© pp—>ttt—>bffx0 g‘éﬂjg\%r‘; ;
(.2. 90 =Observedir1c(theory) <
ZC{;'- 807§EEExpected + 1‘c(e‘xperiment) | |
F=—. =
S 7o “ | =10

60 B ]

50 N -

401 g =L

30F E

20 -1

:I L il 1 1 I ik | | 1 1 L 1 | 1 1 1l il ' il 1 1 |:' *1

10" 300 400 500 600 700 800 1°

\_ m(t) [GeV] J

95% CL upper limit on cross section [pb]

95% CL upper limit on cross section [pb]



Ay All-Hadroic Search (stop 0f)

= HEPHY

Inclusive stop search covering the full range of stop-Isp plane!

Here | focus on Am< m(W) (For Am>m(W) refer to Tom’s talk)

e Novelties:
o Soft-btagging:
— Soft b from the stop decay, difficult to reconstruct
— ldentify secondary-vertex (SV) not associated to jets
— 20% efficiency with <1% mistag rate (10 <p.(b)< 20 GeV)

o ISR tag: Use “fat” jets to capture ISR from gluons
359 flb'1l(1I3 TgV)

T T T T T T ] T T T T T T

e Selection:
o Require at least 2 jets with moderate p_

o Vetotor W candidates
o BinnedinN_, N, ", P,
o 53 signal regions (optimized for small Am)

_— . :
o° == CMS —e— Observed [ Rare
[ ] Qcb muttijet []Z(vv)

I-I Lost lepton % Bkg. uncertainty

i)
miss o
>
1 4

miss

e Backgrounds
o Lost-Lepton background (W, ttbar) .

o Z— VvV (estimated from Z— Il and y+jets) i‘
o QCD Multijet events 0 2 4 6 8 0 12 14

Validation region
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= HEPHY -1¢{ Combination o
Statistical combination of 0 amd 1{ searches:
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Bottom and top squark production

N\ O

e Search for sbottom/stop productions

o Looking for two b/c jets

® Selection:

o 2-4jets
o Use SV toid b/c quarks
o BininN_,N,N,H_,pms

sv Vb Ner Tro Py

e Backgrounds

Events

Obs/Pred

-3 .
0 1

o Z— VvV, ttbar, W+jets, QCD
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SV epuy MT2 Analysis (Inclusive 0f) 12l

CMS Simulation 2.3fb1 (13 TeV)
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e Selection:

H; > 200 GeV [ ] Muttijet

ET*° > 30 GeV

>2j, >0b B Top quark

- W+jets

- Z >V

"""" PP — 89, g — bby!
my = 1100 GeV

o Events with one jet:
—  p,(jet)>250 GeV, binned in N, p_(jet)
o Events with least two jets:

— Categorized in topological regions by:

Njets’ I\Ib ’ HT 102

e Further binned in MT2

Events / 50 GeV
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—7 HEPHY ummary

® Thanks to the great performance of LHC in 2016, CMS was able to probe
new regions in the SUSY parameter space, particularly the compressed
region.

e Many new search and analysis tools developed to probe these difficult
regions: tagging soft b quarks, muons as low as 3.5 GeV

e But still no hint of SUSY even in the compressed region!
e Results provided for reinterpretation for the analysis:

o Covariance matrix, efficiency maps, etc (links provided on slide 3

e Need to think of new interpretations, new topologies, new signatures!

arXiv:1707.03316 CMS  Preliminar, 35.9fb"(13 TeV)
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= HEPHY 1£: Region Definitions e
Variable common to all SRs
Number of hard jets <2
A(,b_(hard jets) (rad) <25
pr*® (GeV) > 300

Lepton rejection

no T, or additional ¢ with pt > 20 GeV

SR1 SR2
Ht (GeV) > 400 > 300
p1(ISR jet) (GeV) > 100 > 325
Number of b jets 0 >1 soft, 0 hard
1n(2)| <15 <24
SR1a SR1b SR1c SR2a SR2b SR2c¢
mt (GeV) < 60 60-95 > 95 < 60 60-95 > 95
Q(¥) -1 -1 any any any any
pr(p) (GeV) 35-5(VL) | 3.5-5 (VL) - 35-5 (VL) | 3.5-5 (VL) -
pr(e, u) (GeV) 5-12 (L) 5-12 (L) 5-12 (L) 5-12 (L) 5-12 (L) 5-12 (L)
12-20 (M) | 12-20 (M) | 12-20 (M) || 12-20(M) | 12-20 (M) | 12-20 (M)
20-30 (H) | 20-30 (H) | 20-30 (H) || 20-30 (H) | 20-30 (H) | 20-30 (H)
>30(CR) | >30(CR) | >30(CR) || >30(CR) | >30(CR) | > 30 (CR)

Ct (GeV)

300 < C; < 400 (X)
Ct1 > 400 (Y)

300 < Crp < 400 (X)

Cro > 400 (Y)
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2{: Region Definitions

Variable SR selection criteria
Ny = 2 (ee,uu, eu)
Q(£1)Q(£2) -1
pr(61), pr(l2) [5,30] GeV
pt(p2) for high ET** t-like SR [3.5,30] GeV
17| <24
|Ye| <25
IP;p < 0.01 cm
SIP;p <2
Isorel(gl,Z)& 15015 (61,2) < 0.5 && < 5GeV
pr(jetl) > 25 GeV
1n|(jetl) <24
N, (>25 GeV, CSVv2L) =0
M(¢0) < 50GeV
pT (ﬁg) > 3GeV
E;rrliss > 125 GeV
E™iss (muon subtracted) > 125 GeV
Emiss / Hy (0.6, 1.4]
Hr > 100 GeV
M(¢0) > 4 GeV
M(40) veto[9,10.5] GeV
M, veto[0,160] GeV

My (£y, EDiss) x = 1,2

< 70GeV (for electroweakino selection only)
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Table 2: Summary of the 53 non-overlapping search regions that mainly target low Am signal.
The low Am baseline selection is Nj > 2, pt"** > 250GeV, no leptons, Nt = Nw = Nres = 0,
mP < 175GeV (when applicable), |A¢(j;, F5)| > 0.5, |Ad(jo3, PR)| > 0.15, and an ISR jet
with pR > 300GeV, || < 2.4, |Ad(jisr, F%°)| > 2, and S, > 10 VGeV.

N N, Nsy p=R[GeV] p2[GeV] piss [GeV]

2-5 0 450-550, 550-650, 650-750, >750
>6 0 0 ~500 . 450-550, 550-650, 650-750, >750
2-5 >1 - 450-550, 550-650, 650-750, >750
>6 >1 450-550, 550-650, 650-750, >750
0 300-500 2040  300-400, 400-500, 500-600, >600
0 300-500 40-70  300-400, 400-500, 500-600, >600
>2 1 0 >500 2040  450-550, 550-650, 650-750, >750
0 >500 40-70  450-550, 550-650, 650-750, >750
>1 >300 2040 300—400, 400-500, >500
>2 300-500 40-80 300400, 400-500, >500
>2 300-500 80-140 300—-400, 400-500, >500
>7 S92 >0 300-500 >140 300—-400, 400-500, >500
>2 - >500 40-80 450-550, 550-650, >650
>2 >500 80-140 450-550, 550-650, >650

>7 >300 >140 450-550, 550-650, >650
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MT2 Analysis: Back up
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CMs,|

Trigger

PT miss > 120 GeV and Hmlss > 120 GeV or
Hr > 300GeV and piss > 110 GeV or
Ht > 900 GeV or jet pr > 450 GeV

Jet selection

R=04,pr >30GeV, || <24

b tag selection

pr > 20GeV, || <24

miss

pmiss > 250 GeV for Hr < 1000 GeV, else piss > 30 GeV

Pr Apmin = AP (P2, j1234) > 0.3
|—*mlss H%liss| /pgrniss <05
Mr> Mty > 200 GeV for Hy < 1500 GeV, else M1, > 400 GeV
sum lep
Veto muon pr > 10GeV, || < 2.4, p™ < 0.2p;" or

pr > 5GeV, |5| < 2.4, M1 < 100GeV, psi™ < 0.2 psF

Veto electron

pr > 10GeV, || < 2.4, p™ < 0.1 pT or
pr > 5GeV, |5| < 2.4, M1 < 100GeV, psi™ < 0.2 psF

Veto track

pr > 10GeV, |57| < 2.4, Mt < 100GeV, p$'™ < 0.1 pirack

sum

Pt

cone

Veto e or y: AR = min(0.2, max(10 GeV/plfp, 0.05))
Veto track: AR = 0.3
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