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OUTLINE

* Quick reminder of why we are interested in top squarks
 \What were the constraints from Run 17

* Novel tools that could help us find top squarks

* Results from the CMS top squark searches of LHC Run 2
* Closing some holes where the stop could be hiding
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THE STATE OF THE SM

e After Higgs discovery and Run 1: We know that the SM is
Incomplete, but haven’t found direct evidence for new physics

* Higgs boson behaves as expected - but what stabilizes its

?
e Supersymmetry (SUSY) could provide an answer
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https://arxiv.org/abs/2103.04956

WHY TOP SQUARKS?

e Light top squark (stop) with mass around the TeV scale well motivated
e (Contributions of top quark to loop corrections of Higgs mass cancelled by top

squark

e Top squark carries color charge — sizable x-sec at LHC

e IfR-parity R = (—1)*8++25 s conserved — lightest SUSY particle (LSP) stable
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Simplified model of top squark production

top squark
pair production

¢ Lightest neutralino:
Stable, weakly interacting &
massive — DM candidate
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FINDING TOP SQUARKS
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FINDING TOP SQUARKS

decay to (mostly)
visible particles via
t—=bW

invisible to detector
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e Signal kinematics highly dependent on mass splittin
of top squark and LSP, Am = m(f;) — m()?(l))

MANY CHALLENGES > '

e Larger Am — larger prmiss

1407.0583

5 =0
m(tl) < m(Xl)
100 - g

Low pr (soft) particles, low prmiss

High ptmiss, boosted particles, dropping x-sec
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https://arxiv.org/abs/1407.0583

MANY CHALLENGES

e Signal kinematics highly dependent on mass splitting
of top squark and LSP, Am = m(f;) — m()?(l))

e Larger Am — larger prmiss
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top corridor: signal
similar to SM ttbar

High ptmiss, boosted particles, dropping x-sec
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MANY CHALLENGES

e Signal kinematics highly dependent on mass splitting
of top squark and LSP, Am = m(f;) — m()?(l))

e Larger Am — larger prmiss

1407.0583
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very soft particles

Low pr (soft) particles, low prmiss

High ptmiss, boosted particles, dropping x-sec
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STOPS AFTER RUN 1

* Run 1 legacy from ~2015, sensitivity to top squark up to ~800 GeV
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e SUS-13-023 0-lep (2 body decays) 18.9 fb™

s SUS-14-015 1,2-lep (2 and 3 body decays) 19.5 fb ™

e SUS-14-001 0O-lep (20body decays) 19.4 fb™
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e SUS-14-021 1-lep (4 body decays) 19.7 fb™
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* So just collect more data at higher energy?
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CMS Integrated Luminosity Delivered, pp

Data included from 2010-03-30 11:22 to 2018-10-26 08:23 UTC
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WHAT HAPPENED?
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CMS Average Pileup

1 2018 (13 TeV): <u> = 37
1 2017 (13 TeV): <u> = 38
2016 (13 TeV): <u> = 27
2015 (13 TeV): <u> =13
2012 (8 TeV): <u> =21
2011 (7 TeV): <u> =10

o/’ (13 TeV) =80.0 mb
!’ (8 TeV) =73.0 mb
ol? (7 TeV)=71.5 mb

Mean number of interactions per crossing

e Excellent performance of LHC and CMS during Run 2

e Collected 140/fb of proton-proton collision data that’s good for
physics analysis

e Challenging pileup scenario: <u> =13 (2015) — 27 (2016) — 38

(2017/18)
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TOP SQUARK SEARCHES IN CMS

* 3 independent searches in all hadronic, single lepton and dilepton
channel

e Different SM backgrounds depending on channel

“alljets” 46%

ttHets 15%

- >0

\.\,.....Xl

ttbar + pymiss t

L+jets 15%

Experimental signature: o L cHels15% o
2 b-jets, 2 W bosons, prmiss dileptons lepton+jets
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2103.01290

ALL HADRONIC SEARCH

e Events selected using prmiss triggers %10 137.0 fb (13 TeV)
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' i - low Am
* ISR jet candidate to boost ttbar
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e High Am:
 Boosted top and W quarks — =2
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Low AM: SOFT OBJECTS

jet

 Usual case: ldentify jets
originating from b quarks with ML
based taggers — b-tagged jets

* Low Am signals produce very

soft b quarks

e (Often too soft for standard b-
tagging algorithms |

* Directly use secondary vertex
reconstructed with inclusive vertex

finder algorithm
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HIGH AM: BOOSTED OBJECTS

* Quick reminder: CMS uses anti-kr algorithm to cluster particles (particle flow
candidates) into jets with different cone sizes

* Most commonly used: R=0.4 — AK4 jet, R=0.8 — AKS jet

* AR of decay products of heavy resonance, e.g. top quark, with sizable

2M
momentum: AR ~ —

Pr
* Large mass splitting between top squark and LSP — boosted top quarks

top quark with pt> 450 GeV

partially merged,
boosted W

un-merged fully merged

resolved top tag merged W tag in merged top tag in
from 3 AK4 jets AKS jet AKS jet
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(BOOSTED) OBJECT TAGGING

e DNN based multi-classifier for large cone jets (AK8)
e Takes PF candidates (42 features each) and secondary vertices (15 features)

as input

e Score for top, W, Z, Higgs, QCD jets

e Here: Only top quark or W boson vs QCD jet tagging (merged top/W)
 Resolved top tagger: DNN tagger based on high level information of triplets of

AK4 jets
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ALL HADRONIC SIGNAL REGIONS

* Design 183 signal regions, optimized for different signal scenarios
* Low Am signal regions:

e Binned in jet multiplicity (Njets), b-tagged or soft-b multiplicity (N,
Nsv)

e Either inclusive in mt® or mtP<175 GeV

e |SR jet pr, b-jet candidate pr, prmiss

* High Am signal regions:

* Binned in Njets, No, merged top or W tag multiplicity, resolved top
multiplicity

e Hadronic activity, ptmiss mtb
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CANDIDATE EVENT

DANIEL SPITZBART

C

Merged top
'm M=196.5 GeV
CMS Experiment at LHC, CERN Merged Top
Data recorded: Thu May 17 04:35:47 2018 CDT pt: 809.50
Run/Event: 316469 / 371464374 eta: -0.98
Lumi section: 293 phi: 1.40
Orbit/Crossing: 76651735/ 912
Resolved top |
M=184.4 GeV Additional
Resolved Top AK4 jets
ot 442 50 B \ |
eta: 0.93
phi: -2.67

MET
pt: 295.24
phi: -2.03
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LOST LEPTON BACKGROUND

e [argest background in most signal regions: single lepton tt+jets, single
top, W+jets events with lost lepton (LL)

e Estimate based on measurement in single lepton data control sample
* Extrapolate to search region with transfer factor TF. L from simulation

e L background greatly reduced in regions requiring merged/resolved top
or W
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RESULTS

e Showing subset of high Am signal regions
e [ost lepton background dominating in these signal regions

* Background predictions validated in orthogonal validation regions

* No statistically significant excess
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JHEP 05 (2020) 032

SINGLE LEPTON SEARCH

* 30% signal branching fraction, events selected with ptmiss or single
lepton triggers

* Use of kinematic mass variables (M, M) together with novel
machine learning tools (merged and resolved top tagger)

* Retain sensitivity to low Am signal points with soft b-tagger
 Dominant background: lost lepton from dilepton ttbar events

My = \/2pe Emiss(1 — cos Ag) __CMS Simulation 137 fo™' (13 TeV) CMS simuiation 137 fb™ (13 TeV)
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BACKGROUND ESTIMATES

* Main backgrounds estimated using data control samples

e [ ost lepton background normalization measured in dilepton sample
* \W+jets background estimated from a sample vetoing b-tagged jets
* Transfer factors to obtain background prediction in signal regions

CMS 137 o' (13 TeV)
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SINGLE LEPTON RESULTS

* Numerous signal regions categorized in jet multiplicity, M, modified
topness, prmiss

e Additional untagged/resolved/merged top tag regions for highly
boosted top quarks

* No statistically significant excess

-1
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O FTTTTTTTTTT T T T T T T T T T T T I T I T T I T T T I T T T T T T T T 1 T T T 13
"E - Ob - l l : NJ tmod Mlb [GGV]
Q i seved [l 2w ! : Al23|>10] =175
10° E | — =
o = Lost lepton = 1/ (from t) I E
] B|2-3| >10| >175
— 1/ (not from t) % Total Uncert.
o L Cl=4|=0 | <175
D|=4]| <O > 175
10 E|=4|0-10]| <175
F|=4|0-10| >175
1 G|=4|>10| =175
H|=4]| >10| >175
10 B )
BI388338i333383i3338§i383i33333333 33 i33333338i3333§i3333 % XO0: Inclusive
NgY@aosREIIuoatmso o taoasasaotsaossorntaotataoasniosor oo b
c BB ocoocococ8cocococ8cdococ8c8occoccococococB3cocB83cdoccoccococ8cdocococ83o0oco ol X1: Unt d
N S R - R - R O - Jntagge
SR zJdad®384646°888° B pddgger ggdgsddggrTt """ 555357 X2: Merged t quark tag
o 17— — B L L S S B S B B S (L B R S B B B B B R X3: Resolved t quark tag
Lﬁ 3
S 0 I:N,=5,N =1
7)) b,med
0o NDYEY, s WY :
O(; > ' | J.NJ23,Nb’SOﬂ21

I Slignal RlegI;iolns

DANIEL SPITZBART CORNERING TOP SQUARKS WITH CMS



Eur.Phys.J.C 81 (2021)

DILEPTON SEARCH

e Small signal branching fraction, but clean

_ . ,CMS 137 fb™ (13 TeV)
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= —— Multib B ttH/W =
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. . . g > B : : s
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TOP QUARK BACKGROUND

L _ CMS 137 fb™ (13 TeV)
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DILEPTON RESULTS

e Signal regions defined in bins of prMiss significance and stransverse

mass variables

* |n-situ measurements of the normalizations of leading backgrounds:

tt/single-t, Drell-Yan and multiboson, tt+Z
* \ery good agreement of observation with predictions from SM
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CMS-SUS-20-002

WHAT ABOUT LIGHT STOPS’?

> P PPN
e |f Am between top squark and LSP is close @© :
to top quark mass — kinematics of signal g
and ttbar background very similar RESSE
* Take special care of top corridor! S

e Standard background estimation
technigues break down

e |arge SUSY scan uses fast detector
simulation for feasibility to generate
O(100M) events per signal model and &0
yoar 200+

e CMS kept top corridor blinded in
previous top squark publications

* A dedicated search in the dilepton channel

-@\
was designed to only target this region blinded ' S S R
200 400
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http://cds.cern.ch/record/2758361?ln=en

KINEMATICS

e Degenerate case with m(stop) = 175 GeV, m(LSP) = 1GeV maximally

similar to SM

e Sensitivity only through measurement of the ttbar x-sec
e Small kinematic differences for other points, e.g. pt™iss, Mr2(ll)

e Fully exploited by using parametric DNN: stop and LSP mass are fed to
NN — optimized model for each signal mass point
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PARAMETRIC DNN RESULTS

11 variables used as inputs additional to the stop and LSP mass
 Parametric DNN leads to mass-point dependent background shapes

 Good discriminating power of the DNN over the full range of signal
models

* No significant excess observed

M Slmulat/on Preliminar 13 TeV
C|| T IS |||||||||||| | T T T T -yl T T T | T T T T | T T T T | T T T T | T T T I_ x1 03 | : : | : : | : : : | : : : : : : : 1 37 fb (1 3 TeV)

0.3 SN (m; =275 GeV, m., = 100 GeV) — i CMS Prel/m/nar :
o e T tx (m; =275 GeV m.o =100 GeV) | o + Data “Ti y i
S L 77722 & (m, = 295 GeV, m. - 50'GeV) _ S I mw B Oth -
5 i ] S 1o 1 ers _
% ool T T— tx (m 225 GeV m =50 GeV) ] > I et%? x20 %5 Unc. i
I —] Z — -
a - - O u _
S~ | mme — S~ | —
12 - ' = 8L g ]

c 0.1 7% — o
s O - 3 S B |
L1l - Rk PO PRT P - w [ ]

O X
= 15¢ - — Z 1.4 Prefit unc. — Data/Prefit MC — (S+B)/B o
= 105_ .......................................................................................................................................................... 3 s 1.2 ]
g 10F — A L
CCD 52_ ...................................................................................................................................... o o 8%: E
N QE - - - - - - “70 01 02 03 04 05 06 07 08 090 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 DNN score (m~ =225 Gev, m, = 50 GeV)
DNN score b %
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PUTTING THE PIECES TOGETHER

* Right from the beginning of

legacy Run 2 stop searches: N
Coordinate the different 1| search: lost 2| search: signal
: lepton CR region

S?arCheS to avoid °Ve,r'ap of Mr2(ll) < 100 GeV. | Mr2(ll) > 100 GeV
signhal and control regions

e Individual " | Ol search: lost 1| search: signal
ndividual searches rely on lepton CR region
orthogonal control samples to Mr < 100 GeV Mr > 150 GeV

estimate backgrounds, e.g.

lost lepton Ol search: signal region

e Carefully examine correlation
patterns of all systematic
uncertainties

Search variable
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COMBINED RESULTS S

CMS preiiminary 137 b (13 TeV) o \ :

S T i

© 1400| PP =ttt =1y,

Q) Approx. NNLO+NNLL exclusion
3

&

51900 fObserved = 1 Ocory E 10
=== Expected = 10, ciment .
1000l 7 Expected Ol Expected 2| | 1
--------- Expected 11 -= Expected corridor

Improvement by
~200 GeV wrt 2016,
~400 GeV wrt Run 1

107

o
95% CL upper limit on cross section (pb)

". = 107
/s‘oa 400 600 800 1000 1200 1400 10
m- (GeV)
top corridor unblinded 1
—_—
& fully excluded at o
95% CL pushed limits by ~300 GeV wrt 2016, ~500 GeV wrt Run 1
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COMBINED RESULTS: CORRIDOR

CMS Preliminary 137 fb™ (13 TeV)

—~~ — _102
3 1400 PP = LT > 1% = T
. g A=pprox. NVNLO++N(I;ILL exclusion g \E
* Corridor not fully excluded 0 e o g
. . ' -= Expected Ol Expected 2l 7 3
In preVIOUS dedlcated 1000f ... Expected 1l == Expected corridor %1 Cé)
800 s 1 c
searches L = U R
600_ -’,:\-'\ e \‘\ - =
- =102 ©
400} N §
200} 1 2100
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S 1< L B B N BRI B e, L S B .
o Cpp— T T = tR 7 - 400 600 800 1000 1200 1400
@;F 160:_=Observedi10theory NLO-NLL excl. H 3 102@ M7, (GeV)
sz ’ 40:_§EEExpectedi1cxexperiment - 7 é
b EIN
00/ 4 =08 * Numerous improvements, way
80 41 £ beyond the larger data sets, have
60 — — § . .
- 11 3 led to ever tighter constraints on
40— — 3 < _ .
- 31 & top squark pair production
20F 1
020" TerTe0 20050 "m0 meo " mep 10"
m. (GeV)
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ADDITIONAL SIGNAL MODELS

* Models with intermediate chargino in top squark decay chain

b b
~ W+ ~ W+
D b - ~+r’4 D - ---+--d‘.’4
T X1 X - N
~ ~ =0 S~ >0
T~ X1 X1 P 6
p = ~@ - b T
t
t1 .\'\. W- 1 \
b t
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A~ _ _E 10 g < —~+ ~0 ~ ~0 _E 10 P
%J 1000 pp—>t1t1,t1—>b')“(:%bW+’)Z? - '8_ %J 1000f PP =TT, T = by, =X orty >t : _8_
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E 800 =:: EXpeCted * 1 0iexperimen’f . 8 E 800 =:: EXpeCted * 1 0iexperimen’( . 8
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--------- Expected 1l ' " =1 7 w Expected 11 o EL 7
Expected 2| 1 8 BRE, - t % %,) = 50% =8
600 N - G 600 N G
- - — C — C
- 3 | =107 © | =107 ©
: 11 E . 1 1 E
400~ N = 400 T =
- L 1 =102 © L 1 =102 ©
L ! _ = o 1 i = o
4 E - 7] Q : ] o
; f: LRI - 5 '. 1 >
— 1 l_ 1 — _I 1 — _I
2007 Al 1 =000 200 . 21070
i 2R | 1 I I ]
| :; 1 _ _ LO ::: |' ] — LO
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ADDITIONAL SIGNAL MODELS

e Signal models with Am < mw
* Decays of top squarks via off-shell top quarks or W bosons

b
f
~ =/
p t _ f
Tt-el_ X
P { fl
f
b
CMS 137.0 o' (13 TeV)
D 100 pp—>tt,t—>bffx1 .
O) Approx. NNLO+NNLL exclusion
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S --: Expected + 1 O experiment ]
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E 70 |
< C e 3
60 ‘: . 4
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40 L =
301 ). |
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400 500 600 700 800
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95% CL upper limit O/Gtheory

DANIEL SPITZBART

INCLUSIVE SEARCHES

Searches are designed to be inclusive

Other signal models produce similar final states, e.g.
mediated dark matter production in association with ttbar:

—
o
o

—
O.

—
o
T LU

—

CMS Preliminary

PP —ttxX

similar to SM Higgs boson

Assumes scalar/pseudoscalar mediator with couplings

e Currently best limits for this model

137 fb! (13 TeV)

_|IIII|IIII|IIII|IIII|IIII|IIII|IIII| IIIIIIII _1

— 95% CL upper limits —
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WHAT IF ...?

 What if R-parity is violated (RPV SUSY)?

e Searches are inclusive but rely on ptmiss — not present if LSP decays
back into stable SM particles

e E.g. through interaction terms that do not conserve B or L, decay
via off-shell squark

//

o Couplings: /Iljk with I, j, K corresponding to generation of quarks

Simplified RPV model Baryon number violating UDD coupling: 41,

YQ

Here: up, down, strange
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WHAT IF ...?

 Several ways to end up with low ptmiss, not just previous RPV model

* Another example: R-parity conserving SUSY with Stealth sector,
coupled to MSSM via portal

 Small mass splitting between superpartners in stealth sector

Portal loop q Stop SYY simplified model
3 \ G 8
t Lo
s

1512.05781

”’.,Absent or
suppressed coupling

. 7
\ e coupling Msusy ~ Mewxk
MSSM (Portal Stealth
Mgpsy ~ e MEwk

1201.4875 GGravitino carries little momentum

Mediation

U

o] <t 0%
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SEARCH FOR RPV/STEALTH STOPS

* Final state: tt+jets

e Select events with single lepton to suppress QCD multijet production
* Most distinct feature: jet multiplicity Njets = difficult to model

e Parametrize Niets With jet scaling function R(i) which can be well modeled by
functional form

[Em—
)

IIIIIIIIIIIIIIIIIIIIII
o

—e—y = 5% 107

ttbar with many additional
light flavor jets

- 1208.3676
'. \s=2TeV

---=-- Poisson: T =28.70

of

5|

& 77
& g staircase: R =0.908 ]
) .§§)9J 6 dR_ 0016 7
\ S S t T SF dn E
P1 t _ - ~ E J —
& 4E % Mi+1 number of
P, o ; st R@) = Y events with ]
S \% ) _ + l Njets:i _f
%ﬁb s 1 —

G 8

-

1/0 5/4 9/8 13/12 17/16 21/20
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NEURAL NETWORK VS SM TT+JETS

 Event shape and kinematic variables used in a NN, score Snn
* Snn correlated with Niets
 Gradient reversal is used to decorrelate Sy and Niets
e Allows to use Nijets spectrum in the signal extraction fit in 4 bins of

SNN

0.4 CMS S/mulatlon Supp/ementary 201 6 (13 TeV) 0.4 CMS Slmulatlon Supplementary 201 6 (13 TeV)
D L arxiv:2102.06976 . D E arxiv:2102.06976 .
< 0.35F Nigts = 7 — N =10 = < 035 — N =7 — N =10 =
0.3; o Nlets =8 T NletS =11 —f d i O.3f— T Njets =8 - NjetS =11 _f
- Nigis =9 . i gradien - N =9 . g
0-25F tt+jets E reversal 0-25F tt+jets E
0.2 — 0.2F i
n . > n .
L | E E T E

0.15F —1_ 0.15¢ —

- s I ] — -
0.05f_— _'—._I_ 0.05F — 3
- = N = —
O C 1 1 | 1 1 1 | 1 1 1 |_|m O C 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | F
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
SNN SNN
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DNN TRAINING AND RESPONSE

NN training done on mix of signal
models with m(stop) 350-850 GeV

 Agreement of data and simulation
within uncertainty

2017 (13 TeV)

) - CMS Simulation Supplementary

<C 0141 ,xv2102.08976

- | |RPVm.=450GeV  Stealth SYY m.= 850 GeV . i
NN

of
o.osf
o.oef
0.00f

0.02

,” h‘- | ol \\4\|*\7
00 200 400 600 800 1000 1200 1400

Leading Jet P, [GeV]

0.08
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0.04

0.02

2017 (13 TeV)

| CMS Simulation Supplementary

- arXiv:i2102.06976

 |RPVm,=450GeV  Stealth SYY m =850 GeV . ff
NN\

S Fox-Wolfram-
Moment 2
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RESULTS

137 b (13 TeV)

10° — — - Stealth SYY m..= 850 GeV

Iﬁ+X IQCD multijet IOther Itt +Data

RPV m_ = 450 GeV

CMS

* Fits of functional form describing Njets to § 12

data u“ij

* Using 4 Snn bins in 4 data taking eras
 Agreement of background only fit in

combined Snn bins and years
e Similar agreement in individual regions / § 1.05¢

eras ;sg oss
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INTERPRETATIONS

* Results interpreted in RPV and stealth SUSY model as function of

m

(stop)

* Largest local significances of 2.8o for RPV model with m(stop) =
400 GeV, 2.50 for stealth SUSY with m(stop) = 350 GeV

- [pb]

O,

95% CL upper limit on

DANIEL SPITZBART

137 b (13 Te
L R BN UL RN IR
pp ~TET =%, %, — i
s 68% expected
95% expected
—e— Observed limit
- oﬁ(NNLO+NNLL)

CMS

III| I IIIIIII| I IIIIIII| I IIIIIII| I TTTTTH

) =10
= B(f(? —jjj)=1.0
- m_ =100 GeV

'IIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| LIl SN~

S
o | | | |y

700 800 900 1000 1100 1200
m- [GeV]

300 400 500 600

- [pb]

O,

95% CL upper limit on

Vv

O)

N

T TTTTIH

HTIT

1377 (13T
II|IIII|IIII|IIII|IIII|IIII|IIII

NN N

pp > 1L 1—1Sg,S - SG, S —g
s 68% expected

95% expected

—e— Observed limit

e crﬁ(NNLO+NNLL)

@ ]

III| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| (NN

CMS

B({f —1Sg) = 1.0

B(S - SG)=1.0, BS —-gg)=1.0
mg = 100 GeV, mCNi =1 GeV, m, = 90 GeV
| | | | | | | | |

H

CORNERING TOP SQUARKS WITH CMS

1 1111 1 11 1 1111 1111 1 11 1 1111 1111 1 11 1 1111 | 1
300 400 500 600 700 800 900 1000 1100 1200
m-[GeV]

42



CONCLUSIONS

* New developments in search strategies
and tools have greatly improved the

constraints on top squarks (%; 1400
* Boosted object tagging, soft b- 1200
tagging, prmiss significance, ... E
1000
* Dedicated top corridor search
allows to also constrain very °00
particular region of parameter space 600
* From 800 GeV in m(stop) in Run 1 400
to above 1300 GeV -

* Novel search for RPV and stealth top
squarks exhibits excellent sensitivity to
previously uncovered signal scenarios
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BACKUP
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SUPERSYMMETRY

Standard model

Fermions Bosons

soft SUSY
breaking

“light” +—

Supersymmetric partners

Bosons Fermions

({ | S | ‘ ) ‘

“heavy”
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STOPS AT THE BEGINNING OF RUN 2

« Simplified model assuming R parity conservation: top /
squark pair production, prompt decay to a top quark P S RARREEE
and the stable lightest neutralino (LSP) — two
parameters to scan p \‘\.---

e Different challenges depending on Am between the £
particles —~
CMS 35.9 fb” (13 TeV) ” 8
- = 1 ~
..‘L) 800 pp =TT, T =t 5{? NLO+NLL exclusion 3 5
2 ==Observed = 10yq,, """ Expected 0l analysis || - ©
oC ===Expected =10, imen """ Expected 1l analysis —= 10 %
AN 600 P Expected 2| analysis = @
—_— - ——===———T = O
- — - . o
2 - 2 * R
O 400/ Sy 1 E
o i o 500 107" =
© B o 2 1 3 o
I . y 1 ] o
! - O - =3
O 200 i T 102 =
£ i 1S O
Q V& 11 1 &
»n A BEE L 10—3 S
/ 200 400 600 800 #0600 —4200
signal similar to ttbar High ptmiss, boosted objects
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SIGNAL REGIONS ALL HADRONIC

DANIEL SPITZBART

m'% [GeV] N, Ny Ni Nw Nies Hrt [GeV] p%‘iss [GeV] Bin number
<175 >7 1 >0 >0 >1 >300 [250, 300, 400, 500, oo] 53-56
<175 >7 >2 >0 >0 >1 >300 [250, 300, 400, 500, co] 57-60
>175 >5 1 0 0 0 >1000 [250, 350, 450, 550, oo] 61-64
>175 >5 >2 0 0 0 >1000 [250, 350, 450, 550, co] 65-68
>175 >5 1 >1 0 0 300-1000 [250, 550, 650, <] 69-71
>175 >5 1 >1 0 0 1000-1500 [250, 550, 650, <] 72-74
>175 >5 1 >1 0 0 >1500 [250, 550, 650, o] 75-77
>175 >5 1 0o >1 0 300-1300 [250, 350, 450, <] 78-80
>175 >5 1 0 >1 0 >1300 [250, 350, 450, o0] 81-83
>175 >5 1 0 0 >1 300-1000 [250, 350, 450, 550, 650, oo] 84-88
>175 >5 1 0 0 >1 1000-1500 [250, 350, 450, 550, 650, oo] 89-93
>175 >5 1 0 0 >1 >1500 [250, 350, 450, 550, 650, co] 94-98
>175 >5 1 >1 >1 0 >300 [250, 550, o] 99-100
>175 >5 1 >1 0 >1 >300 [250, 550, oo] 101-102
>175 >5 1 0 >1 >1 >300 [250, 550, o0] 103-104
>175 >5 2 1 0 0 300-1000 [250, 550, 650, <] 105-107
>175 >5 2 1 0 0 1000-1500 [250, 550, 650, <] 108-110
>175 >5 2 1 0 0 >1500 [250, 550, 650, o0] 111-113
>175 >5 2 0 1 0 300-1300 [250, 350, 450, o0] 114-116
>175 >5 2 0 1 0 >1300 [250, 350, 450, o0] 117-119
>175 >5 2 0 0 1 300-1000 [250, 350, 450, 550, 650, oo] 120-124
>175 >5 2 0 0 1 1000-1500 [250, 350, 450, 550, 650, oo] 125-129
>175 >5 2 0 0 1 >1500 [250, 350, 450, 550, 650, co] 130-134
>175 >5 2 1 1 0 >300 [250, 550, 0] 135-136
>175 >5 2 1 0 1 300-1300 [250, 350, 450, o0] 137-139
>175 >5 2 1 0 1 >1300 [250, 350, 450, o0] 140-142
>175 >5 2 0 1 1 >300 [250, 550, o0] 143-144
>175 >5 2 2 0 0 >300 [250, 450, o0] 145-146
>175 >5 2 0 2 0 >300 >250 147
>175 >5 2 0 0 2 300-1300 [250, 450, oo] 148-149
>175 >5 2 0 0 2 >1300 [250, 450, 0] 150-151
>175 >5 2 Ni+ Nw+ Npes > 3 >300 >250 152
>175 >5 >3 1 0 0 300-1000 [250, 350, 550, <] 153-155
>175 >5 >3 1 0 0 1000-1500 [250, 350, 550, ] 156-158
>175 >5 >3 1 0 0 >1500 [250, 350, 550, o0] 159-161
>175 >5 >3 0 1 0 >300 [250, 350, 550, o0] 162-164
>175 >5 >3 0 0 1 300-1000 [250, 350, 550, o0] 165-167
>175 >5 >3 0 0 1 1000-1500 [250, 350, 550, o] 168-170
>175 >5 >3 0 0 1 >1500 [250, 350, 550, o0] 171-173
>175 >5 >3 1 1 0 >300 >250 174
>175 >5 >3 1 0 1 >300 [250, 350, o0] 175-176
>175 >5 >3 0 1 1 >300 >250 177
>175 >5 >3 2 0 0 >300 >250 178
>175 >5 >3 0 2 0 >300 >250 179
>175 >5 >3 0 0 2 >300 [250, 350, oo] 180-181
>175 >5 >3 Ni+ Nw + Npes > 3 >300 >250 182
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VALIDATION

 Background estimates validated in dedicated signal depleted
samples orthogonal to signal regions

o Kinematically similar to signal regions
* Inverting separation requirement of jets and prmiss

low Am 1370fb (13 TeV) h'gh Am 137.010" (18 Tev)
) e L B B L B T T ) ST _T_ T T T T T T T T T T
T 10 = CMS ¢ Data \: Lost lepton I= 10 CMS ¢ Data \j Lost lepton
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L 4 F [ ]Rare 555 Bkg. uncertainty LU [ ]Rare £2%% Bkg. uncertainty
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CANDIDATE EVENTS

CMS,

DANIEL SPITZBART CORNERING TOP SQUARKS WITH CMS

CMS Experiment at LHC, CERN

Data recorded: Mon Oct 1 20:06:18 2018 CDT
Run/Event: 323841 / 471815433

Lumi section: 288

Orbit/Crossing: 75414248 / 2645

Merged top
M=176 GeV
Merged Top
pt: 545.0
eta: -0.31
phi: 2.19
MET
pt: 292.58
o\phii'oig
Merged Top Merged top
pt: 423.25 M:‘| 55 GeV
eta: -0.36
phi: -1.23
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Z—INV BACKGROUND

e Z—vv events have large genuine prmiss

 Jwo data control samples used to estimate Z—vv background
o /—|lto extract normalization factor Rz
e y+jets for shape correction factor S,

Z(vv)+jets Z(vv)-+ets
Npred = Rz S”Y NMC

DANIEL SPITZBART CORNERING TOP SQUARKS WITH CMS
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SINGLE LEPTON SEARCH

Label N tnod [(A;/Ie%] Z;i%gg;% p1*° bins [GeV]

A0 —[600, 750, +oo]
Al 23 >10 <175 U [350, 450, 600]
A2 M [250, 600]

B 23 >10 >175 —  [250,450, 700, +oo]

C >4 <0 <175  —  [350, 450,550, 650, 800, 4+co]
D >4 <0 >175  —  [250,350,450, 600, +oco]
EO — [450, 600, +oo]

E1 U [250,350,450]

g =4 010 SIS 1250, 350, 450]

E3 R [250,350, 450]

F >4 0-10 >175  —  [250,350, 450, +oo]
GO — [450,550, 750, +oo]
G1 U [250, 350, 450]
Ga =4 210 =I5 250,350, 450]
G3 R [250,350, 450]

H >4  >10 >175 — [250, 500, +o0]

DANIEL SPITZBART
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SINGLE LEPTON SEARCH

Source Signal  Lostlepton 14 (notfromt) Z — vv
Data statistical uncertainty — 5-50% 4-30% —
Simulation statistical uncertainty  6-36% 3—-68% 5-70% 4-41%
tt T modeling - 3-50% - —
Signal p1"*°® modeling 1-25% — — —
QCD scales 1-5% 0-3% 2-5% 1-40%
Parton distribution — 0—4% 1-8% 1-12%
Pileup 1-5% 1-8% 0-5% 0-7%
Luminosity 2.3-2.5% — — 2.3-2.5%
W +b(b) cross section — — 20-40% —
ttZ cross section - - - 5-10%
System recoil (ISR) 1-13% 0-3% — —
Jet energy scale 2-24% 1-16% 1-34% 1-28%
pmiss resolution — 1-10% 1-5% —
Trigger 2-3% 1-3% — 2-3%
Lepton efficiency 3—4% 2-12% — 1-2%
Merged t tagging efficiency 3—6% — — 5-10%
Resolved t tagging efficiency 5-6% — — 3-5%
b tagging efficiency 0-2% 0-1% 1-7% 1-10%
Soft b tagging efficiency 2-3% 0-1% 0-1% 0-5%

DANIEL SPITZBART
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MODIFIED TOPNESS

DANIEL SPITZBART

CMS Simulation 137 b (13 TeV)

U) 5 —— 9.0.0.0.0.0.¢. —
*qc'; 10 = Lost lepton  £&&5¢ Stat. unc. -
G F B ufromt)  ----T7)(1050,100) x 20 -
104 1 (not from t) ==~ t—by (950,100) x 20

= I z-w == Tt 0¥ (750,400) x 20

10°= =
10° 2 =

10 2

-10

(m3 = (py + Pe)2)2
tod = IN(mMin S), with S = i -

CORNERING TOP SQUARKS WITH CMS
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STOP SEARCH IN DILEPTONS

* Top quark pair production (ttbar) can

result in final state with two leptons
and two neutrinos — genuine ptmiss

 Exploit fact that leptons and
neutrinos come from W bosons

 Transverse mass Mrz(ll)

* |n a perfect world, ttbar events
contained in Mr2(ll)<Mw region

e Several detector effects can promote

events over this threshold
e Extensive studies conducted

M, (00) = min (max [MT(

—~miss] | ;miss?2 __ 2 miss
Pt TPT =P

DANIEL SPITZBART CORNERING TOP SQUARKS WITH CMS

CMS 137 fbo™ (13 TeV)

dg 109 EI T T | T T | IIIIIIII | LI | LI | T T g
O F = ttsinglet —— Multiboson =
53108§— _ —
= E & Drell-Yan B ttH/wW =
5 10’ - B ttZ —e— Observed =
‘ED 10° - —t >t} (800,100) - - - t — t¥; (350,150) 1
E =5

> F g Uncertainty Validation region =
10° -
10* 1o E
10° -

N
o <

1

QA0 V0.8 9% )l 0.9.9.9.0.9.9.9.9.9.9.9.9. $9:9.9.9.9.9.9.9.9.9.9.9.9.1 1 9.9.9.9.9.9.

vvvvvvvvvvv

V&%

107"
g 15
D\'_ 1 ;AYV RXORAK AKX X XA
205
O L 111 | [ | | |
0 50 ?100

| |
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M_(¢¢) (GeV)

—=vis]l —=missl —=vis2 —=miss2
pro, ), Mp(Prs, Pr )])

300
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DILEPTON SEARCH

Name Definition

Systematic uncertainty

Typical (%) Max (%)

TTCRSF  Mr(£¢) < 100GeV, SF leptons, |m(¢4) — mz| > 15GeV
TTICRDF  Mry(£¢) < 100 GeV, DF leptons

TTZ2j2b

Z\/vje’cs. — 2/ Nb > 2

TTZ3j1b N;=3,8 >0,> 1SFlepton pair Njets =3, N, =1

TTZ32b  with |m(0f) — mz| < 10GeV

TTZ4j1b
TTZ4j2b

Same as SR0-SR12 in Table ??,

CRO-CR12

Z\/vje’cs — 3/ Nb > 2
Z\]je’ts >4, N, =1
Z\/vje’cs. > 4/ Nb > 2

but SF leptons, |[m(£¢) —mz| < 15GeV and N, = 0

Integrated luminosity

Pileup modeling

Jet energy scale

Jet energy resolution

btagging efficiency

btagging mistag rate

Trigger efficiency

Lepton identification efficiency
Modeling of unclustered energy
Non-Gaussian jet mismeasurements
Misidentified or nonprompt leptons
tt normalization

ttZ normalization

Multiboson background normalization

ttH/ Whbackground normalization
Drell-Yan normalization

Parton distribution functions

ur and up choice

2

O U1 O W W kR, DN WO

p—
-]

NN W A1 -

Mr(bfbf) (GeV) S 100 < Ma(£0) < 140GeV 140 < My (£6) < 240GeV My (£f) > 240 GeV
100 12-50 SRO SR6
~50 SR1 SR7
12-50 SR2 SRS
100200 o p_~ 2R SR12
12-50 SR4 SR10
>200 ~50 SR5 SR11

DANIEL SPITZBART
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DILEPTON SEARCH

CMS 137 tb™ (13 TeV)
(D 10 T T 1T | T T 1T | T T 1T T T 1T | T T 1T | T T 1T | LI

g0 E
gJ 10° 7 tt/single t — Multiboson 2
it F == Drell-Yan BE ttHw 3
g 1075 = iz —e— Observed E
g 107 — t — tY; (800,100) - - - t — t%; (350,150) 2
3 10° :g R Uncertainty ;
10k 1
10* E =
L= -
100 I =
10 =

1

107"

215
& K ““““‘(“““““““““‘%?
305 E
O 1 11 | | 1 11 | | 1 11 | | 1 11 | | 1 11 | | 1 11 | | [ I:

0 50 100 150 200 250 300

M.(¢0) (GeV)
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CMS 137 fb™ (13 TeV)
w LU | LU | LU LU | LU | LU | LU
2100 =
G>J = — tt/single t — Multiboson 3
< 10° . == Drell-Yan B ttH/w _
g E Btz —e— Observed E
2 40t [ —t —tY; (800,100) - - - t — tY; (350,150) _
3 - B3 Uncertainty  M,,(¢¢)>100GeV 3
10° & - E
10° & =
10 e o] §
1
107"
215
S
o 0.5 —
O :I 1 1 1 | 111 1 | 111 1 | 111 1 | 111 1 | 111 1 | 1 11 I:
0 50 100 150 200 250 300 350
M_(blbl) (GeV)
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CMS 137 fb™ (13 TeV)
-.‘2106__III|IIII|IIII|IIIIIIII|IIII|IIII|IIII|IIII__
c = _ 3
g - = tt/single t — Multiboson 3
g 10° - == Drell-Yan B ttH/w =
= - Btz —e— Observed :
210'E —t > tY; (800,100) - - - t — t%; (350,150) —
3 - B Uncertainty M_,(¢¢) > 100 GeV :

10° = =
10° 5 E
105 =
1
107"
215
D\-_ SIS RIEHRIIHRIH IR
305
O II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III
20 30 40 50 60 70 80 90 100
S
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My (GeV)

T8BBLLNUNU

450 CMS 137 fb™ (13 TeV)
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1 910 ©
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1 dq0=
200 13 10 £
150 =4 1 5
1 =107 8.
N 3 Q.
100 4 3 -]
5 _l
1070
50 X
0
PRI BT N T NI 10—4®

200 400 600 800 1000 1200 1400
m- (GeV)
1

DANIEL SPITZBART

1200

Mo (GeV)

800

600

400

200

200

CORNERING TOP SQUARKS WITH CMS

CMS

137 b (13 TeV)

pp — T, 1, T, - butx?

—Observed + 10,
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CORRIDOR SEARCH

Data/SM Pred.

Source Uncertainties (%)
tt signal
Muon efficiencies 0.5 >
Electron efficiencies 1.5 G
Trigger modeling 1.2 2
2]
Muon energy scale 1.4 <
b-tagging efficiency 3 T
Jet energy resolution 16 7.0
Jet energy scale 7.5 5.7
Unclustered energy 4.2 5.0
Pileup modeling 3.2 1.5
Size of the MC sample | 3 25
Source Average for tt (%)
PDFs and a (acceptance) 1.0
UE, UR scales (acceptance) 3.8
Initial-state radiation 0.6
Final-state radiation 3.4
Top pr 1.3
Matrix element/parton shower matching 2
Underlying event 1.5
Top mass (acceptance) 1.5

DANIEL SPITZBART
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30

«10° 137 b (13 TeV)
L L L L
n CMS ¢ Data Bt
" Preliminar tW Bl Others
n © ary %% Total unc.

—T- tz? (m; = 225 GeV, m., = 50 GeV)

20

10

130
m(I* 1) (GeV)

140
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SEARCH FOR RPV/STEALTH STOPS

 Final state: tt+jets

e Select events with single lepton to suppress QCD
 Most distinct feature: jet multiplicity Njets = difficult to model
e Parametrize Njets With jet scaling function R(i)
e Ratio can be well modeled by functional form

- 112
( i—7 10 = — T T
ay — az) - ey =5x107
) =a, + _ 9 1208.3676 Yo = ]
_ B 0 2 | " ---=-- Poisson: T =28.70 ]
Wlth staircase: R =0.908
6 fi—§=-o.016 E
ay=f(7), a; = f(9), @, = lim f(i) 2 s _
[— -
> sf % M., number of -
Njets distribution in each S, bin s, R@) = events with 1
given by recursive expression, with N R M; «~ Niets=i E
free parameter Y7l N '
l 1 O C 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L]
M‘] Y JH f (k) 1/0 5/4 9/8 o 13/12 17/16 21/20
n
B
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https://arxiv.org/abs/1208.3676

NEURAL NETWORK VS SM TT+JETS

e Feed event shape and kinematic variables 5 0.4 CMS Simulation Supplementary 2016 (13 TeV

T ]
arXiv:2102.06976

N

into a NN producing score Snn < 035 —Ng =7  —Ng =10 =

_ - — N, =8 — N, = 11 E

e Problem: Snn correlated with Niets 03¢ No. =9 e :

- Jets ]

. . . . . 0.25F ] —

e Snn of tt+jets with high Njets more signal lik : tt+jets ]

0.2 =

e Gradient reversal is used to decorrelate N S E

B T =

DNN response Snn and Niets oAb T 1 E

* Allows to use Njets spectrum in the signal 0.054|_'_|_=|_::—|_| §

extraction fit in 4 hins of S o0 s oa e os

o 2017 (18 TeV) 2017 (13 TeV) SNN

<Dﬁ 0.14}§x20§££glation Supplementary 2 o_1?(:r)l(\ilvl:§0§£$tslation Supplementary

0_12;RPVmT=45OGeV StealthSYVmT=850(3eV|:|ﬁ :RPVm;=4SOGeV StealthszfssoGevDﬁ

0.08[-

0.1? i R FOX'WOIfram_

- 0.06 N
ooef] L - | Moment 2

: L - KRS \\‘\"q:
0.061{ L | 0.04- AN N

: i X & \\\\Q

[’ .
¥ 0.02/- | N&%\

i RN

-
RN T
Ak MBI
AN MALMIITIIT

X \\\\ - o e by 0*\\ \\\ N \\Q\ N RN [
0O 200 400 600 800 1000 1200 1400 0 0102 03 04 05 06 07 08 09 1
Leading Jet p_[GeV] FWM2

DANIEL SPITZBART CORNERING TOP SQUARKS WITH CMS 61




DECOUPLING DNN FROM Nets

e Snn of tt+jets with high Njets more
signal like

e (Gradient reversal is used to

decorrelate DNN response SNN and CMS Slmulatlon Supplementary 2016(13 TeV

N

0.41

N jets 3 " ariv:2102.06976 .
. << 0.35 — Njets 7 —_— NJets =10 —
* Allows to use Njets spectrum in the 0af —Neg=8  — N =11 E
- o - SE N, =09 ;
signal extraction fit in 4 bins of Snn 0.25F ets tt+jets E
OLy @ 0'2;_ I _;
—a— D) 8E9> a E o _f
S class label y ]
E> E> @ E> E> % \ ) 0.1 - _:
@ Y - ]
8L Ll = label predictor Gy (-;0,) - B
4! Wd’ \ g domain classifier G4(+;04) 0.05 u k—:—__
. j(“@@é@;' r ¢ A O - e ey ey #
feature extractor G+ 0f) {9}:2@;’?1 |:> ﬂ |:> ® domain label 4 0 0.2 0.4 0.6 0.8 S 1
main

oL, NN

5 IL Mo LD

forwardprop  backprop (and produced derivatives) 8 Qd
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Ners VS Snn BINNING

* SNN bin boundaries chosen to maximize expected significance for
RPV model with m(stop) = 550 GeV

* (Constraint: fraction of simulated tt+jets events in each Snn bin is
same, e.g. 56% in Snn 1

* Removes residual dependency of Njets ON Snn

e Source of systematic uncertainty: Is this binning assumption also
applicable in data?

e | 2.4%
CMS Simulation Supplementary 2016 arXiv:2102.06976 2017 70 2018A 2018B

S1%” s65%

56%

7 8 9 10 11 =12 7 8 9 10 11 =12 7 8 9 10 11 =12 7 8 9 10 11 =12
N Njets N

jets jets

jets
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RPV/STEALTH 2016

. 106CMS 35.9 fb”' (13 TeV)
5 o S\, 1 SnN,2 S S\N,4 — Bkg Fit
L|>J ¢ N observed
10* == RPV m. =450 GeV
T S I A h == SYY m. =850 GeV
102 ----------- 3 ---. I----- _ ---_--.--- ---_-- o
10 ------- fEesammm CEn e .--- —
2016data ---l---. ---.---l ------- EREERELEE Y I'm (F Y R
1 EERETRY LR i :
10_1....|....|....|....|....|....E'....|....|....|....|....|....é‘....|....|....|....|....|....E'....|....|....|....|....|....
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RPV/STEALTH 2017

o 105.CMS 415t (13 TeV)
5 e Syn,1 SN2 SN, S\N,4 — Bkg Fit
L|>J ¢ N observed

10* == RPV m. =450 GeV

w0k L= bl == SYY m. = 850 GeV

1% T e, e =

10 e I T LR N A l---.- ----

2017 data I T T o mmmnEs A ==

1 P ; E
00102"1||||*|E|||||E‘|||||E|||||
—~ B ST R A S B SRR S A ¢ | AT SEAF SRR A 2 35 R I S
g ot e e e e e
o ) )
©
S
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RPV/STEALTH 2018A

21.1 b (13 TeV)

2 E
c E SNN,4 — Bkg Fit
i ¢ N observed
E - = RPV m. =450 GeV
i -= SYY m. = 850 GeV
ampgt"EEEES I---. - -
- ot d
e E-_....I....I....I....I....I....
= e
(IU ------------------------------------------
© 7 8 9 10 11 =12
©
N jets
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RPV/STEALTH 2018B

o 105CMS 38.7 fb” (13 TeV)
5 o S\N, SyN,2 Sy SNN,4 — Bkg Fit
L|>J ¢ N observed
10* == RPV m. =450 GeV
10° == SYY m. =850 GeV
102 ---------- - l------- ------ b ----- .
1 T o T ,
2018Bdata ---I---.---| fmmmEEET .---I---‘---'--Il- - ----_---.-:j
1 e TR e e -EEEm ----
10_1....|....|....|....|....|....E'....|....|....|....|....|....é‘....|....|....|....|....|....E'....|....|....|....|....|....
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RPV/STEALTH SYSTEMATICS

Minor RP

Source of uncertainty background background signal
PDFs 0-1(2) 0-1(8) 0-2 (7)
(ur, pur) scales 0-2 (5) 1-8 (18) 0-3 (4)
ISR 0—4 (15) — —
FSR 0-8 (27) — —
Color reconnection 0-10 (44) — —
ME-PS 0-14 (82) — —
UE tune 0-7 (100) — —
Pileup 0-2 (7) 0-7 (28) 0-2 (4)
JES 0—4 (18) 5-21 (100) 1-11 (31)
JER 0-2 (10) 1-15(100)  0-6 (14)
btagging 0-1(3) 0-2 (12) 0-2(2)
Lepton efficiencies 0-1(1) 3-5 (5) 3-4 (4

Hrt primary 0-5 (17) — —
Hr validation 0-1 (4) 0-6 (10) —
Ht Hr-parameterization 0-2 (9) - -
Hrt Njets-parameterization 0-7 (27) — —
Jet pr 0—4 (15) — —
Jet mass 0-4 (15) — —
Njets shape invariance 0-12 (37) — —
Integrated luminosity — 2.3-2.5 2.3-2.5
Theoretical cross section — 30 —
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LOCAL SIGNIFICANCE

e |ocal significance of excess 2.80 for RPV model with m(stop) = 400 GeV, 2.5¢ for
stealth SUSY with m(stop) = 350 GeV

e Significance not visible in individual years

e Best fit signal strength 0.21+0.07
CMS 137 fb (13 TeV) CMS 137 b (13 TeV)
g SERRRE T 5 15""| T E
@© — © -
> F > E
S 101E- e 3
(@) = b (@]
- - ] —
- 120
1072 = =
i pp = TLT—t%), %, —ii - i
s x _30 s x _30
107 — All Years (137 fb™) 3 107 — All Years (137 fb™) 3
- 2016 (35.9f0™) < 2018A (21.1 fb7) - 2016 (35.9f07) -~ 2018A (21.1fbT)
104 2017 (41.5 fb™) 2018B (38.7fb") < 104 e 2017 (41.5 fb™) 2018B (38.7b") <
_IIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_ _IIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_
Ea
©

300 400 500 600 700 800 900 1000 1100 1200 300 400 500 600 700 800 900 1000 1100 1200
m. [GeV] m. [GeV]
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SOURCE OF LOCAL SIGNIFCANCE

* No significant excess of observation over background only fit
observed, so where does the significance come from?

DANIEL SPITZBART

Agreement improves when fitting S+B model, accounting for
~1.10

Significantly smaller pulls for S+B fit wrt background only fit

1
CMS 137 b (13 TeV)
® 3E s s s T4 b-only fit]: s
2E- L4 sebfit | |
1= + : : + : } } : ; : i
— : : : : : :le
Y SRE A o gty FERPL SIS RS B R ++}+ __________
HE- s - T
2E- ; - T
=1~ A S I S R
>|< [ o o . L e Cumulative Ay?|
0] e e el EE TS DT
S ¢ . e e e e e e,
+ — ° : : : ~
\({)’ 2 : : 1.70
N [ : :
X E i i
UEtu Hop Ug . gy, Mg ME s, VB H H, o MEp N ISR ot p N, Rep
S Sh, (1 / bri Ma,
/7@()(77 ay(76) ne(*)ne)’? ()(77 ()(77 6 ()(77 78)(783) pare”’@te,,ay”&l) ()(76) Pe ny ;;)C '77‘383(7 ary(77) "Nde,
Qliop (1
)
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SEEING THE INVISIBLE

. ] Parton level K, ...

* Direct detection of electrons, muons, e %“
photons and jets (experimental }n
signature of quarks und gluons)

* Indirect detection of weakly
interacting particles like neutrinos

e Sum of particle momenta in

\ Particle Jet Energy depositions
P in calorimeters

Transverse “missing” transverse

| momentum
transverse plane has to be planée

conserved
¢ Non-zero sum — undetected ET

particles: neutrinos (or WIMPs?)

* Highly dependent on performance
and precision of all subdetectors

energy/momentum of

detected particles
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CMS DETECTOR

| I | | | I I I
Om m 2m im 4am 5m 6m 7m
Key:
Muon
Electron
Charged Hadron (e.g. Pion)
- = = - Neutral Hadron (e.g. Neutron)
----- Photon
Silicon
Tracker
' Electromagnetic é
g )l“ Calorimeter ;
4
Superconducting “2“
Calorimeter Solenoid &
Iron return yoke interspersed .
Transverse slice with Muon chambers
through CMS “Ue
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