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Motivation

Rare but clean signatures, less well-constrained than Strong SUSY

« Light Higgsinos favoured by naturalness arguments.
« Sleptons/Neutralinos affect g-2, favour 0.2 < M < 1 TeV

exp .
7

Aauza

aM = (251+£59) x 107" (4.20)

« Dark matter relic density favours light gauginos/sleptons
« R-Parity conserving models: LSP as dark matter candidate
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In this talk?

Gauge-mediated SUSY
breaking (GMSB) models
giving gravitino/goldstino
stable lightest sparticle
(LSP) + light higgsinos
| (NLSPs)

7

Simplified models with
wino/bino gauginos
fitting with MSSM
 parameter space for g-2

S

LSP is Axino: SUSY
partner of Axion — a light

DM candidate




This talk

Latest CMS and ATLAS EW SUSY results

« Gaugino searches with differing final states and interpretations.
« Full Run-2 LHC dataset 2015-2018, ~140fb™1
- Final states: X + p™sS, exploiting pJ**** triggers — looser requirements on X

« Sophisticated object/event reconstruction improves sensitivity e.g.
« Large radius jets: 1 acceptance for boosted topologies = sensitivity to rarer, heavy sparticles
* Machine learning to tag specific processes better and reduce mis-tag rates

ihg} miss
~ pT
)zheavy Xlight
! W/H/Z ‘\

LSPs

Other recent direct stau @ CMS search not in this talk but in backup! NLSPs
Also see Strong + 3™ Gen SUSY talk next!

02/09/2021 Holly Pacey, University of Cambridge

(1)  First! Fully-hadronic @ATLAS P i W/H/Z
(2) First! Fully-hadronic @ CMS Xheavy
(3) 3 leptons @ATLAS

(4) diHiggs to 4b @ CMS
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-09/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-20-004/index.html
https://cds.cern.ch/record/2777046
https://indico.lip.pt/event/592/contributions/3281/
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ATLAS SUSY-2018-41, arXiv:2108.07586

) Fully-Hadronic @ ATLAS ~=,

miss

Signature: 2 boosted bosons decaying hadronically + pr

» Extensive interpretations:
*  Baseline MSSM: Wino (W), Bino (B), Higgsino (H) pairs
(Xneavy Xnigne) = (W, H), W, B), (H,B), ...
- Gauge Mediated: light # and gravitino LSP: (Zyeavy, Xrigne) = (H,G)
* Axion: light H and axino LSP: (Zyeavy, X1igne) = (H, @)

Xlight

Xlight

Xheavy

Pacey, University of Cambridge 4
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https://arxiv.org/abs/2108.07586

Fully-Hadronic ATLAS Analysis

Boosted W /Z — qq taggers are basis for region definitions

« pMISS triggers, >200 GeV s My, cuts for Z/H - bb, tag small-R b-jets.
« Taggers use mj, Nyrqcrs & €NErgY * Main Z+jets, VV bgs: normalise MC
correlation function (targets 2-prong jets) using data in orthogonal control regions.

« 50% signal efficiency, <93% bg rejection * Dominant uncertainties: MC stats.
« Specifically re-optimised for this search!

m 1 2 T T T T T T
‘E ATLAS Preliminary ys=13 TeV, 139 b SR Post-fit
o 10 ¢ Data =Total SM | W+jets C1N2-WZ, (900,100) GeV
LI>J o C1N2-Wh, (900,100) GeV _

8 B z+jets Bvv Other = = = (H, G) m(H)=800 GeV, Br(N1 - hG)=50 %

6
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Fully-Hadronic ATLAS Results

Excellent exclusion power, complementing previous ATLAS searches.

 NLSP mass on x-axis, LSP mass on y-axis.
« Wino limits stronger than Higgsino.
* Brto Z decay has small effect on limits.

WW(HH)->BB+XX (W: .7, H: X3%s, B: X, X=Wiz/h)

S‘ 800_ T I TTTT [ TTTT ] TTTT l TrTTT I TTTT I T f TT [ TTTT l TTTT l rTorT
3 70 05 ATLAS Preliminary {5=13 TeV, 139 fb”, 95% CL Observed limits J
o~ F B  ZE)Bi — Z1)=100% for (A, B) E
2 600F — B - 77) = 100% =
£ o X X ° ]
C — By - Zy) = 75% s ]
500 : 1 (W, B) —
- e Bl'(i — Z% ) = 50% ]
400 — Br(y. — Zx.) =25% =
C B - Z0) = 0% -
300 ? ! —
200 -
100 =
0t 1

300400 500600 700" 800
02/09/2021 :
ATLAS SUSY-2018-41, arXiv:2108.07586
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Fully-Hadronic ATLAS Results

Excellent exclusion power,
complementing previous
ATLAS searches.

« (Gauge-Mediated results
complement previous ATLAS
searches in different final states.

« Axino results stronger with
higher Br for Z decay.

: Holly Pacey, Ur
ATLAS SUSY-2018-41, arXiv:2108.07586
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Fully-Hadronic @ CMS Bfandf;;ﬁ%

Signature: 2 boosted bosons decaying hadronically + pj*s*

* Interpretation in Simplified model:
- W degenerate 7,79, B 70 -
eqv. to (W, B) interpretation from ATLAS hadronic search.
. pMUsS triggers, >200 GeV
* Main region definition again using DNN + m; based taggers :
* H/Z - bb Signal efficiency 45%-54%

- W-qq Mis-ID rates of only 1-2.5%
- W/Z-qq S
VA —
Z,H W >_R =0.8
] et
~0 ’_fjf _ ~+ ™
p 0 o g oo LR, i
o . — P
PP ~0 e S0
y X -\\\ ey X -.\ X
75f + R :O.S
.G W W}
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Fully-Hadronic CMS Analysis

Boosted jet taggers and b-jet tagging are basis for region definitions

«  SRs with 0 b-jets (WW/WZ/ZZ), or >0 b-jets (WH/W2Z), each binned in piss.
«  Shrink QCD bg by requiring large phi between p™s$ and 4 leading small-radius jets.
« Main bgs estimated by normalising MC using data in orthogonal control regions :

« 'O-res”: fakes from Z/W+jets, QCD

ol ! " ttbar, Wt, VV

« Dominant uncertainties: MC stats, then W — qq tagger systs.

Higgs boson candidate

W boson candidate
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Regi Requi I 1d
— >1e ?/1‘1:;:;:2 tjzt bb tagged notbb tagged W tagged notW tagged
b-veto SR §1 W-tagged jet WH SR >1 _ >1 —
>2 V- or W-tagged jets W SR 0 — >1 —
H SR >1 — 0 _
e CMS_Preliminary 137 b (13 TeV) c CMS Preliminary I | 137 fb" (13 TeV)
£ 4 = T LA B B B B I L L B ] c o A — ——— —— e
£ = Data Rare E - Data Rare —
% F  b-veto SR : L] = P WH SR i L] —
E - [ ]o-res, 1-res (] Uncertainty N £ 107 [ J7op [ o-res —
o 10° —— TChiWZ (600,1) —— TChiWW (500,1) = o Uncertainty —— TChiWH (1000, 100) 3
D e TChiWZ (800, 100) i
10 = —— 7T - 10 4 _E
1 L = N . 552
5 c F
Lofs oS, .k
Qo 4 S BRSNS o Qo gy
a o b Baa s seviaesio e
0.5 0.5
500 600 700 800

200/0300 0400 500 600 700 800
CMS SUS-21-002

900 1§00 PEtaDy, 1260versity26d Cansooidge 400
Qﬂ&mew \2 g

pr** [GeV]


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-21-002/index.html

Fully-Hadronic CMS results

Good exclusion power fitting all SRs

together, beating previous CMS
searches.

Tiny deficit in b-veto SR cause
obs > exp for WW

Tiny excess in Wh SR causes
obs < exp in WH

CMS Preliminary 137 b (13 TeV)
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Fully-Hadronic ATLAS vs

m(¥;) [GeV]

m(y,) [GeV]
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. = Signature: 3 leptons + pltss
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» Interpretations in MSSM:
« W degenerate 7, 79, B ¥ (same as CMS hadronic search)
- H triplet 7, 72, 77
« 3 selections:
« Wh —large AM
«  On-shell WZ - large AM Lepton triggers
«  Off-shell WZ - small AM p?niss triggers
« BDT used to reduce fake-lepton bg — uses Iso, track, b-tagging info.

« Reducing large fake bg at low p; crucial for compressed region
« Retain 70-90% real lepton, fake lepton rejection factor 2-3
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3 Leptons Results

Great improvement to limits

WZ: Combines this analysis SRs with

previous 2-lepton compressed analysis
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For wino/bino: sign(M(79) * M(7?)) = +1
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3 Leptons Results —compare to CMS

WZ comparable for ATLAS and CMS
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3 Leptons Results —compare to CMS

CMS exclusion stronger ATLAS for Wh

CMS 137 fo' (13 TeV) X, ~WhY X,
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Signature: 2h->bbbb + pirss

« Interpretations with H :

« GMSB, Goldstino LSP: G, NLSP #?

- Simplified model, degenerate 79, 79 B 77

« Strong (gluino) production mode — see paper, not discussed here.
« Each h decays to bb (highest BR), considering either

« 1 R =0.8 jet per h - boosted! Sensitive to larger M(H)

2 R = 0.4 jets per h: Sensitive to more compressed regions.
« Crucial: b-tagging using Deep Neural Networks:

« 2b/large-R jet. 90% efficiency to find H->bb! Counts= Nh

« Tb/small-R jet. 3 WPs with efficiencies <85%. Counts= Nb

02/09/2021 CMS-SUS-20-004 Holly Pacey, University of Cambridge 17
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4b Analysis woi| B st
Multibin fit with ABCD bg estimate N, =3| SB SB
- pMUsS triggers: >150/300 GeV for resolved/boosted
Al : Wy M =2 CSB CSB
- Assign jet pairs to h, minimising: |m(b;b;) — m(byb,)|
- Resolved SRs: binned in p'ss & max, angle 0 100 140 200
iets in a hi resolved (myp) [GeV]
between 2 b-jets in a higgs.
- Boosted SRs: binned in pss N 3
R = _
- Data-driven ABCD bg estimate: Ngg = K = Nsg, g Nu =0 CSB
- ! Nesp =
with k for var. correlation 3
« Dominant uncertainties: stats. ;_ﬂ Ny =1 SB
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not in this talk but take a look!
___'>

Summary

CMS SUS-19-012 3/4lepton FS
ATLAS SUSY-2018-02 4+lepton FS
CMS SUS-20-003 1lepton+bb FS
CMS SUS-18-004 2/3 soft lepton FS
ATLAS SUSY-2018-23 H->yy FS

Latest searches expand excluded gaugino phase space ever further for many final states (FS)
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Summary

But still lots of well-motivated phase space to explore, e.g. models
consistent with g-2 anomaly and slepton searches.
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3 Leptons — RJR follow-up

2.1/30 Excess @ 36fb~1 gone with 139/b~! data

« arXiv:1806.02293 used recursive-jigsaw technique to reconstruct )Zj—r 73 decays by b

oosting into their rest-frames.

* Redo analysis with 2017+2018 datasets, find excess no longer persists.
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95 95
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Fully Hadronic Regions ATLAS

Table 3: Summary of selection for the SRs, CRs, and VRs. n(Vy,) (n(!Vy4)) represents the number of large-R jets
passing (failing) the V,,,-tagging between the two highest-pr large-R jets. The same selection is applied between the
SR (VR) and CR in the same category except for the V,,-tagging and some kinematic selections that are explicitly

indicated by the parentheses. The trigger selection and event cleaning described in Section 5 is applied additionally.

VRTTX is a validation region for verify the f + X modeling as described in Section 7.1. pr(W) is the vector sum
of the pr of lepton and ET™* in the 1L regions. In the 1L (1Y) regions, ET™ is replaced by pt(W) (pr(y)) when

calculating the kinematic variables m.q. min A¢(E'T“i’“‘, j) and mT>. Details are described in Section 7.2.

SR(CROL) VR(CR)IL VR(CR)1Y N -
W, Z V, Z h
4Q 2B2Q 4Q 2B2Q 4Q 2B2Q VRTTX n( qq) n( qq) n( qq) n(Zpp) n(hpp)

4Q-WW =2 - =2 =0 =0
ML arge~R jets >2 >2 >2 =1 40-WZ 51 51 —> -0 -0
Mepton 0 = 0 =3 77 __ ; 2 =2 = =10
pr(£)) [GeV] - > 30 > 30 g-\f‘l ) i _ _ P
— - - -! - 2B2Q-WZ 1 1 1 0
n(Vyq) =2(=1) =1(=0) =2(=1) =1(=0) |=2(=1) =1(=0) - szg:zz - _ _ . o
"(!qu) =0(=1) =0(=1) =0(=1) =0(=1) =0(=1) =0(=1) = 2B2Q-Wh =1 - = = =1
n(Jpp) =0 =1 =0 = =0 =1 =1  2B2Q-Zh - =1 - =0 =1
m(Jpp) [GeV] - € [70, 135 (150)] - € (70, 150] - € [70.,150] . 2B2Q-VZ - - = = =0
punmatched -0 -0 wif) - 2B2Q-Vh - - =1 =0 =1

b-jet

Npjet <1 - =0 - <1 - -
ET™ [GeV] > 300 > 200 > 50 < 200 2
pr(W) [GeV] = > 200 N -
pr(y) [GeV] - - > 200 -
meir [GeV] > 1300 > 1000 (> 900) | > 1000 > 900 > 1000 > 900 .
min A¢(EF™*, j) > 1.0 > 1.0 > 1.0 2
m2 [GeV] : > 250 ’ > 250 < > 250 24

ATLAS-CONF-2021-022
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Fully-Hadronic systs ATLAS

Uncertainty contributions: stats. dominate everywhere

02/09/2021
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Fully-Hadronic upper limits ATLAS

Model-independent upper limits set in SRs + added ‘discovery’ SRs wit
h looser selections

Table 6: Left to right: 95% CL upper limits on the visible cross section ({ec7)]} ). S, (Sg3,,) shows the 95% CL
upper limit on the number of signal events, given the observed number (expected number and + 1o excursions) of
background events. The last two columns indicate the CLg value and the discovery p-value (p(s) = 0) with the
corresponding gaussian significance (Z). CLg provides a measure of the disagreement of the observation with the
background-only hypothesis by quantifying how frequently a measurement suggesting a higher signal contribution
than the best fit signal strength would occur due to background fluctuations, whilst the pg value instead quantifies the
excess of data given the null hypothesis of background only. By convention, the quoted p-value is truncated at 0.5 in

the case of a data deficit.

Signal region {Ecr}zgs[ﬂ:n] Sz?” ngp (1) CLg pls=0)(Z)

SR-4Q-WW 0.032 45 4.2\ 8 0.55 0.44 (0.15)

SR-4Q-WZ 0.036 5.0 5174 0.46 0.50 (0.00)

SR-4Q-7Z7 0.025 3.6 4. 1%-_3 0.30 0.50 (0.00)

SR-4Q-VV 0.034 4.7 5.3 0.38 0.50 (0.00)

SR-2B2Q-WZ 0.033 4.7 40047 0.66 0.33 (0.44)

SR-2B2Q-Wh 0.022 3.1 1%—3 0.28 0.50 (0.00)

SR-2B2Q-ZZ 0.033 45 4.1%, 0.63 0.37 (0.32)

3y SR-2B2Q-Zh 0.026 3.6 3.9 0.38 0.50 (0.00)
{ SR-2B2Q-VZ 0.032 4.4 44705 0.50 0.50 (0.00)

1 SR-2B2Q-Vh 0.026 3.6 4417 0.24 0.50 (0.00)
Disc-SR-2B2Q 0.034 4.8 5617 0.30 0.50 (0.00)

+ Disc-SR-Incl 0.042 5.9 1.2°53 0.27 0.50 (0.00)

02/09/2021 Holly Pacey, University of Cambridge 26
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Fully-Hadronic results ATLAS
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Fully-Hadronic regions CMS

02/09/2021

Table 1: Summary of tagging requirements for the b-veto SR and CRs. Each of these regions
includes the baseline requirements described in Section 4, as well as requiring zero b-tagged
AK4 jets and requiring at least two AKS jets satisfying 65 < m; < 105GeV. The SR and CRs are
described in detail in Sections 4.1 and 5.1, respectively. The W and V taggers are described in
Section 3.

Region Requirements
>1 V-tagged jet
b-veto SR >1 W-tagged jet

>2 V- or W-tagged jets

0 V-tagged jets

b-veto zero-tag CR 0 W-tagged jets

1 V-tagged jet

b-veto one-tag CR 0 other W-tagged jets

Table 2: Summary of tagging requirements for the b-tag SRs and CRs. Each of these regions
includes the baseline requirements described in Section 4, as well as requiring at least one b-
tagged AK4 jet and at least two AKS8 jets. The SRs and CRs are described in detail in Sections 4.2
and 5.2, respectively. The bb and W taggers are described in Section 3, and the definitions of
W and Higgs boson candidates are given in Section 4.2. In addition to the six regions described
in this table, the b-tag predictions also use six single-lepton CRs that are identical except that
exactly one charged lepton is required. A dash (—) indicates that no requirement is imposed.

Higgs boson candidate W boson candidate
bb tagged notbb tagged W tagged notW tagged

WH SR >1 — >1 —

W SR 0 —_ >1 —

H SR >1 — 0 —_

WH antitag CR 0 >1 0 >1

W antitag CR 0 0 0 >1
H antitag CR 0 >1 0 0

Holly Pacey, University of Cambridge
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Fully-Hadronic N-1 plots CMS

. CMS Preliminary. N ‘1(?7}1?".(1.3'@\/) 25 CMS Preliminary i I"137 fb' (13 TeV)
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© [ 1res [ 0-res © 29 [ o-res [ op
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Fully-Hadronic systs CMS

Stats dominate generally, followed by systs on the W->qq taggers and

signal cross section

Table 3: Summary of the dominant systematic uncertainties (in %) in various analysis regions.
For the 0- and 1-res backgrounds in the b-veto SR, uncertainties are presented separately de-
pending on the CR region used for the estimation. A dash (—) indicates that the source of

uncertainty is not applicable.

b veto b tag

Source 0- and 1-res bkg. = Rare Signal Top  O-res Rare Signal

0-tag CR 1-tag CR
Luminosity — —_ 1.6 1.6 — —_ 16 16
CR data size 6-71 5-50 —_ — 3-100 2-35 — —_
MC sample size 8-25 8-30 14-24 2-5 2-28 3-40 4-27 2-5
MR, HF scales 1.2 0.4 8 <5 2-10 05 11 <5
Trigger efficiency — — 2-3 2-3 —_ — 2-3 23
b-tag correction <1 <1 <1 1 1 <3 <3 23
bb-tag correction ~ — — — — — ! 2-7 4
W-tag correction ~ 12-28 6-22 11-15 15 1 9 7 9
V-tag correction 7-15 2-10 14 2 — — — —
W-tag non-closure 348 3-48 — —_ —_ —_ —_ —
V-tag non-closure  1-27 — — — — — — —
Fast-simulation — — — 5 — — — 8

02/09/2021 Holly Pacey, University of Cambridge
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Fully-Hadronic results CMS

Adding Higgsino interpretation (mass degenerate gauginos)
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3 lepton regions — on shell WZ

02/09/2021

—

[

Preselection requirements

Variable SR™ SREP SRpm o
baseline _ signal
Mep  » Mgy =3
Trigger dilepton
pe. pE. Py [GeV] > 25,20, 10
ET™ [GeV] > 50
Np-jets =0
Resonance veto m,, [GeV] > 12 > 12 -
NSFOS >1 > 1 =0
m;,; [GeV] € [75,105] ¢ |75, 105] -
|ms, —my| [GeV] > 15 > 15 -

Selection requirements

njets =0

my [GeV] E}“ " [GeV]
[100, 160] | SR¥-1:[50,100]  SR"-2: [100,150]  SR"-3: [150,200]  SR"-4: > 200
> 160 SR"-5: [50, 150]  SR*-6: [150,200]  SR™-7: [200,350]  SR™-8: > 350
Nios > 0, Hp <200 GeV
mr [GeV] E? ¥ [GeV]
[100, 160] | SR*-9: [100, 150]  SR™-10: [150,250] SR"-11: [250,300] SR*-12: > 300
> 160 SR"-13: [50, 150]  SR"*-14: [150,250] SR"-15: [250,400] SR"*-16: > 400
Migs > 0, Hy > 200 GeV, HyP < 350 GeV
mo [GeV] ET™ [GeV]
> 100 SR"-17: [150,200] SR™-18: [200, 300] SR**-19: [300, 400] SR"*-20: > 400

Holly Pacey, University of Cambridge
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3 lepton regions - Wh

Selection requirements

mff < 75 GeV, njms =0

my [GeV] ET™ [GeV]
[0, 100] SRit.c-1: [50,100]  SR¥..-2: [100,150]  SRi.c-3 > 150
[100, 160] | SRE..-4: [50, 100] SRiz<-5: > 100
> 160 SRI <-6: [50, 100] SR <-7: > 100

mgp <75 GeV, ny o > 0, Hy <200 GeV
my [GeV] ET"™ [GeV]
[0, 50] SR -8: [50, 100]
[50, 100] SRen.<-9: [50, 100]
[0, 100] SRen <-10: [100, 150] SR <-11: > 150
[100, 160] | SRE .-12: [50, 100] SRiE-13: [100, 150] SRi .-14: > 150
> 160 SRiz < -15: [50, 150] SRiz.-16: > 150

mgp 2 105 GeV, ni, s =0

my [GeV] ET™ [GeV]
> 100 SR (-18: [100, 200]

SR¥ -19: > 200

02/09/2021

SRYz < -17: [50, 100]

Selection requirements

Variable  SRppoc-1 SRppos -2

) Rjets =0 € [1,2]
ET™ significance > 8 > 8
pPIGeV] > 15 > 20
ARos near <12 <1.0

Holly Pacey, University of Cambridge 33



3 Lepton reaions — off shell WZ

02/09/2021

Preselection requirements

Variable

offWZ

£IWZ . £H0Z fWZ .
SRY:IO- : . SRhighf., -nj

Toug, 03 SRygup, —nJ SRpjgng, ~03

baseline nsngnal
lep * Vlep
"sFos

mg, [GeV]
myg" [GeV]
"b-jets

min ARy,

=3
> 1
<75
€ [1,75]
=0
> 0.4

Resonance veto m?‘}" [GeV]
Trigger

30 GeV

jets

EMS [GeV]

E™S significance
[

Py, prs Py [GeV]

lm3e —mz| [GeV]

¢ [3,3.2]. ¢ [9.12] | -
(multi-)lepton | ((multi-)lepton || EF"*)
=0 z1 =0 >1
<350 <200 > 50 =200
> 1.5 > 3.0 >3.0 > 3.0
> 10 |>4.5(3.0) for e(n)
> 20 (£ = e only) _

min ARgpog [0.6,2.4] (£ = e only) -
Selection requirements
Variable a b c d e f1 2 gl g2
myy" [GeV] [1,12]  [12.15] [15,20] [20,30] [30.40] [40, 60] [60. 75]
44
SRi"ff:'z common
my™ [GeV] x < 60 < 60 < 60 <60 - - - -
mP [(GeV) X <50 <50 <50 <60 < 60 > 90 < 60 >90
miy [GeV] x <115 <120 <130 - - - - -
min ARgpqs * < 1.6 < 1.6 < 1.6 - - - - -
PLpE.pY GV x >10 >10  >10  >10 >15  >15  >15  >15
SRin -0j
|p];"|;E’Tf“*‘ x <11 < 1.1 <11 <13 <14 <14 <14 <14
mz; [GeV] X - - - - > 100 > 100 > 100 > 100
_ SRiger. -1
|p];"|;E$"** x < 1.0 < 1.0 < 1.0 <1.0 < 1.2 <1.2 <12 <12
SR:fgf:é common
miP [GeV] <112 <115 <120 <130 <140 <160 <160 <175 <175

SRy gh, -0

£ty
PPy Py [GeV] X

mP [(GeV) x

=>25,>15,> 10

£ s L
pispropr [GeV]

I/ ET™ <02

< 50 < 50 < 60 < 60 < 70 =90 < 70 =00
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3 Lepton WZ Limits &

Combines this analysis’ SRs with
previous 2 lepton compressed
search: arXiv:1911.12606

Excellent exclusion improvement
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https://arxiv.org/abs/1911.12606

4b kgp pa values and Systs.

Srmulanon Preliminary
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S = : | | ! 3
E bt : : : E
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1= I + o ) | Y + ' X + { -
— I [} I I ]
05 : : : : —
- low ARy 1 high ARy low ARa 1 high ARy low ARy 1 high AR low ARpae 1 high ARy
— ! L0 ! ! L0 | ! 10 ! ! L ! -
150 < pI"**< 200 [GeV] 200 < pT"*< 300 [GeV] 300 < pT"*< 400 [GeV] pI'es > 400 [GeV]
Relative uncertainty (%)
EACe Resolved Boosted
MC sample statistics 0-18 1-15
ISR modeling 0-2 0-18
Renormalization and factorization scales ug and pr 0=2 0-7
Pileup corrections 0-2 0-9
Integrated luminosity 1.6
Jet energy scale 0-7 0-12
Jet energy resolution 0-7 0-7
Trigger efficiency 1-13 04
Wide-angle jet mass resolution = =33
b tagging efficiency 2-7 —
b mis-tagging 1-3 —
bb tagging efficiency — 6-15
Uncertainties attributable to the fast simulation
Jet quality requirements !
priss modeling 0-13 0-12
Wide-angle jet mass resolution — 24 CMS-5U5-20-004
b tagging efficiency 0-1 —
02/09/2021 b mis-tagging Holly Pacey, University of Cambridge 5| 37
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4b SR Distributions

Resolved DeltaR bins:
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Boosted, largeR jet mass:
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Hadronic taus @ CMS

7-+
Signature: 2 hadronic T + pJ**s /
~4 e " —~
Interpretations: g I X /gr
« Simplified model - LSP: 7?, ~~o_

LH/RH/mixture 7 P 7 “\ -/ gr

« GMSB: Gravitino LSP: g7, long-lived NLSP 7

Di-7 triggers @ low pss, pIiss triggers at high pJss, !
2t passing DNN tau-ID, 0.06% mis-tag rate.
Main "= bgs (Z - 1) estimated with data-driven ‘embedding’:
« Take 2u data events ->
replace s Wlth SimU|ated TS. c 10° C|IV|SI .:Jrellimlinafryl T T T T T T T T T T T T T T 71 |13Tft|)71(|13|T?V§)
* Only need to consider t syst. E \ —4— Observed [ Geniner, T ]
uncertainties © e 0F [ e, Big. uncerlainty hh E
/ R D T ] bl %,(100), %,(1) i %,{150), %, (1) ]
‘bgs extrapolate from 0 T S gy e 150 210, 05 .37
data in loose z-ID region. 102 Prompt, N<0 5 Prompt, N>1 i o
. . = : | ! 10 3
Prompt-t SRs binned in 10 L4
My, Y. mp, NuMber of jets. i I T W = z .
- : R e T Slns
Displaced- t SRs require N - e H e el =< BT E
. 107 i B ] (2 SN 5 « Bl B0 § I e s A :
|al’ge ImpaCt-parametel’S SR#1 2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 19 20 2122 23 24 25 26 27 28 29 30 31
S | s JIEG R C S NSRRI SARE S
R . | + TR
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Corresponding ATLAS search

Hadronic taus Results

CMS Preliminary 137 b7 (13 TeV)
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95% CL upper limits
Observed

------ Median expected

68% expected

G [pb]

Limits on degenerate LH/RH staus
here, LH or RH separately in paper

107 95% expected

Long-lived stau limits set for different
lifetimes @ M(j;) = 1 GeV 0

CMS Preliminary 137 fb' (13 TeV)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.032009

Hadronic taus regions and systs.

Uncertainty [%]

Source Genuine 7, | Misidentified 5, | Signal
Statistical 8.3-141 5.0-100 6.3-52
7 1D efficiency 7.2-7.8 — 6.2-6.4
T, ID vs displacement > 5y 3.0
Th trigger efficiency 3.1-4.2 = 6.9-14
Th energy scale 0.1-35 == 1.6-44
T, misidentification rate — 30-56 =
pIss trigeer efficiency 1.0 — 1.5
Embedded normalization 19 — —
Embedded top quark fraction 1.0-3.8 — =
Jet energy scale = — 0.7-32
Jet energy resolution — — 1.3-55
Unclustered energy — = 0.5-32
B-tagging = 77 0.2-11
Pileup — — 1.0-28
Pre-fire — — 0.1-04
Integrated luminosity = = 1.8
ISR — — 0.1-16
Renormalization/factorization scale — — 0.4-3.6

02/09/2021
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Prompt SRs
SRbin Zmr [GeV] m [GeV] Wl [GeV]
N =0
1 200 — 250 25 —50 <90
2 200 — 250 25 —50 > 90
3 200 — 250 50 — 75 < 90
4 200 — 250 50 —75 > 90
5 200 — 250 =75 —
6 250 — 300 25 —50 < 90
7 250 — 300 25 -50 > 90
8 250 — 300 50 — 75 < 90
9 250 — 300 50 —75 > 90
10 250 — 300 > 75 —
11 300 — 350 25 —-50 —
12 300 — 350 50 — 75 —
13 300 —350 75— 100 —
14 300 — 350 > 100 —
15 > 350 25 —50 —
16 > 350 50 —75 —
17 > 350 75— 100 —
18 > 350 > 100 —
N=1

19 200 — 250 25 —50 —
20 200 — 250 > 50 —
21 250 — 300 25 —50 —
22 250 — 300 50 — 75 —
23 250 — 300 > 75 —
24 300 — 350 25 —50 N
25 300 — 350 50 — 75 —
26 300 — 350 > 75 —
27 > 350 25 —-75 —
28 > 350 75— 100 —
29 > 350 > 100 —

Displaced SRs

SR bin pr [GeV]

30 < 110
31 > 110
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Hadronic taus results

CMS preliminary 137 b (13 TeV)
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CMS Freliminary 137 b (13 TeV)
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