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Show all Total Exotica Standard Model Supersymmetry Higgs Top Physics

Heavy lon B Physics Forward Physics

Topological searches:
* Resonances (dijets, dileptons, diphotons)
— Z', RS gravitons, com_positness

793 collider data papers submitted as of 2018-09-02

 Single lepton + MET — leptonic decays of W'
* Leptons and jets — leptoquarks o
» Multiobject topologies — microscopic black holes
* Mono - "something visible” — dark matter (< also resonanses)
At the SUSY — Exotica border 1007
 RPV SUSY (more on the SUSY side) 1
 Long-Lived Particles (LLP) 801
» Many topologies with jets and leptons are 1
common for SUSY and Exotica 60
EXOTICA par excellence _

4 Piotr Zalewski, NCBJ Warsaw, Exotics and BSM at ATLAS & CMS (non DM), CORFU2018, Sep 7



Topological searches:
Resonances (dijets, dileptons, diphotons)
— Z', RS gravitons, compositness ... The 5th Wave
Single lepton + MET — leptonic decays of W' ORATER T4
Leptons and jets — leptoquarks N//
Multiobject topologies — microscopic black holes R
Mono - "something visible” — dark matter (<« also resonanses) it

By Rich Tennant

At the SUSY — Exotica border
RPV SUSY (more on the SUSY side)
Long-Lived Particles (LLP)
Many topologies with jets and leptons are
common for SUSY and Exotica In short:

we search for everything,

maybe except
EXOTICA par excellence 'doesn't matter'.

“After the discovery of ‘antimatter’ and ‘dark matter’, we have just

confirmed the existence of ‘doesn’t matter’, which does not have
any influence on the Universe whatsoever.”
Piotr Zalewski, NCBJ Warsaw, Exotics and BSM at ATLAS & CMS (non DM), CORFU2018, Sep 7



CMS-EXO-17-008, (arXiv:1807.11421, Jul 2018)
Both experiments use hadronic decyas of tau leptons and transverse mass m...

Events/80 GeV
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ATLAS: PRL 120, 161802 (Jan2018)

mr = \/ 2pt ;}mlﬁs

CMS trigger (selection):

p;™ > 90 (200) GeV
p; tau_h > 50 (80) GeV

— cos A¢(Pr, P)]

ATLAS trigger:
E ™= >70, 90, 110 GeV

select.:. MET > 150 GeV

For missing transverse momentum CMS uses p,™* , whereas
ATLAS uses E,™=. Hereafter | will use MET for both experiments.

Genuine tau background was simulated.

CMS: jet misid. is

359fb (13TeV) simulated but verified
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Piotr Zalewski, NCBJ Warsaw, Exotics and BSM at ATLAS & CMS (non DM)),

using Z — mu mu with
muons removed.

ATLAS: jet misid is
estimated using three
control regions (CR)
such that in CR1 and
CR3 taus are 'weaker’,
whereas in CR2 and
CR3: MET < 100 GeV
Njet=N0R1 NCR2/NCR3

No significant excesses in m_ distributions.
Almost identical limits on W' mass set.
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Z' — g gbar summary

|
|
I ATLAS "
I i
.. |
|
Prelimina . i
o CMS — . ry 95% CL exclusions - ]
() - :
| ATLAS Boosted Dijet, 13 TeV,
].—l'M '{"'1000/ - .. B
z = I [arXiv-1801.08769] :
. 1
CMS Dijet , 13 TeV I_ _ _ ATLAS DDiet, 13 TeV -
[EXO-16-046] I [arXiv-1703.09127] "
. 1
]-—'2"" MZ' < __30(3/0 I - - . ATLAS Dljet TL)B-I 13 TeV I
=z 1 [arXiv-1804.03496] "
I i
CMS Broad Dijet, 13Tev | B _ _ _ ATLAS Dijet+ISR v, 13 TeV
[arXiv:1806.00843] 1 JATLAS-CONF-2016-070] "
I i
ATLAS Dijet+ISR j, 13 TeV
[l Mye < ~10% .. / J,
z ] JATLAS-CONF-2016-070] :
T TR R R N R R R R RN
CMS Dijet, 13 TeV CDF Run
I [arXiv:1806.00843] [arXiv-hep-ex/9702004]
\ A = CMS Dijet, 8 TeV — ... CDFRun2
— - arXiv-1604.08907 [arXiv:0812.4036]
- .' Z'-q - ‘r :
I
- l . — CMS Dijetbtagged, 8 Tev ] UA2
d So [arXiv:1802.06149] [Nucl. Phys. B 400, 3 (1993)]
M PR | M M L M PR R | L M M M M
50 100 200 300 1000 2000 CMS Boosted Dijet, 13Tev] __ Z width (all T,/M,)
[arXiv:1710.00159] [arXiv:1404.3947]
M, [GeV]

CMS
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| Large-R jet + ISR -
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Observed
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Dijet 8 TeV
20.3 b~

Phys. Rev. D 91, 052007 (2015)
Large-R jet + ISR
——36.1fb"

arXiv: 1801.08769
Dijet + ISR (v)
— 155fb"

ATLAS-CONF-2016-070
Dijet + ISR (jet)
— 155"

ATLAS-CONF-2016-070
Di-b-jet
—— 24.3-36.1 fb~'

arXiv: 1805.09299
Dijet TLA
— 3.6-29.7 b~

arXiv: 1804.03496
Dijet
37.0 b

Phys. Rev. D 96, 052004 (2017)

Piotr Zalewski, NCBJ Warsaw, Exotics and BSM at ATLAS & CMS (non DM), CORFU2018, Sep 7



Search for decaying into Search for resonant tt production
using lepton-plus-jets in p-p collisions at sqrt(s) =13 TeV

events in p—p coll. at sqrt(s) = 13 TeV with (CMS PAS B2G-17-017, Jun 2018)
the detector (arXiv:1804.10823, Apr 2018)

Model independent search for a resonant excess in tt system mass.
The main background is non resonant tt production.

ATLAS: q t CMS:
lepton-plus-jet channels only. leptons-plus-jet, lepton-lepton
Resolved and boosted t systems selections. 7! & full hadronic selections.
Backgrounds: tt from MC, Backgrounds: tt from MC,
W+jets & multi-jet from data. q t data-driven for non tt multijet
36 fb' (13 TeV)
E UL LI | LI [ | L | L | LI | LI | LI E 3
SCE ATLAS f-rtevwin' 1 2105 CMS Lopones
S = Expected 95% CL upper limit 1 = u .
© 02 —+—— Observed 95% CL upper limit i T 102 — Preliminary —— Dilepton
BN Expected 95% CL upper limit £ 16§ <1V E = Combination
Expected 95% CLupperlimit+2a 4 & E
10 LO KK gluon 1'=15% cross section ] ";e 10 - —— RS Gluon (LO % 1.3)
2 3 i E
" 1 ©
e 3 o6 1¢
- 1 & © -
10'e 107"
1{]_2 E_ —; %10—2 g_ \
1{] -3 _I 1 1 1| | 1111 | 1111 | 1 11 1| | 1 1 1 1| I 1 1 1 1| I | | I 11 11 I 1 1 1| I_ 10_3 f_
D 5 1 1 .5 2 2 5 3 3 5 4 4 5 5 E 1 | | | 4 | | | | 2| | | | | 3| | | | | | | | | | EL | |
9 Mg, [TeV] M, [Tev]



of searches for decaying into \’LT c

using 36 fb-1 of pp collision data

at sqrt(s) 13 TeV with the detector (arXiv:1808.02380, Aug 2018)
q e g VIV
10 ATLAS analyses combined.
Channels taken into account: WZ — qqqq, {vqq, tvtt;
WW — qqqq, {vqq, tviv; ZZ — qqqq, tfqq, vvqq, tvv, tH; v/ 1%
WH — qqbb, ftvbb; ZH —qqbb, vvbb, tfbb,
and the lepton—antilepton channels: #, {v. q (v q V/H
g V
q q
Results interpreted (among others) in the heavy vector triplet
(HVT) model. Several one dimensional limits on x-sections v 4
and two dimensional limits on coupling strenghts presented. er v GrK
q q g V
..... ATLAS 3 TeV = ATLAS 4 TeV — ATLAS 5 TeV wemnn ATLAS 3 TeV = ATLAS 4 TeV — ATLAS 5 TeV
o EW fits 3 TeV o EW fits 4 TeV o EW fits 5 TeV m EW fits 3 TeV o EW fits 4 TeV o EW fits 5 TeV

ke
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o o
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10 Higgs and vector boson coupling g, Quark coupling 9,



Combination of the searches for pair-produced

vector-like partners ( Ps) of the third generation quarks
at sqrt(s) 13 TeV with the detector (ATLAS-CONF-2018-032, Jul 2018)

W~ H. Z

Seven recent ATLAS analyses combined.
(Similar to some of them done also
by the CMS)

tbb

W+ H. 7

£.b.b
E :\\II‘II\\|I\\I|\\II‘\!I.\‘II\I|\\II: — 1 , T 1400
S [ B Theay NNLOpredictiontt) = 8 " ATLAS Preliminary - >
I— | —— 95% CL combined observe N ) ] = o)
— 10 . = T s =13 TeV, 36.1 b’ 1 1350 =
E mmmmreees 95% CL combined expected = ’ - a—
l - @ 95% CL expected limit +16 - m 038 VLQ combination E I
% 1*_ 95% CL expected limit +2¢ Bl % 07 Observed limit - -
- E 25 SU(2) (T,B) doublet - 1250 o
1 071 :\ - 05 K O SU(2) Slnglet _: 1 200 O
- = = 2
T e 04 1150 B
107 03 E 1100
- ATLAS Preliminary 0.2 =
L] Vs=13TeV,36.1fb" SU(2)doublet | 0.1 = 1050
10 = —— H(bb)t+X — W(lv)b+X — Z(Ijb+X o ' -
- — ‘Tril./s.s. di:ep. T Fully‘/—had. ‘ Z(V\|;)t+)( : ! - 1000
700 800 900 1000 1100 1200 1300 1400 0 0102030405060.7080.9
m; [GeV] BR(B — Wt)
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Search for a heavy resonance decaying to a top quark and \,‘Tc |

a vector-like top quark (VLQ) in the lepton+jets final state
(CMS PAS B2G-17-015)

pehannel Hyrnotlag 35917(13TeV)  Final topologies are tHt, tZt, tWit.

2 T
c 80fF ] o
& ok CN/'S_ s wliarew | Search optimized for tHt and tZt.
W Preiminay S es —wm,-15Tev | Exactly one t — lepton+MET+jets.
60F DY+ST M, =2.0TeV | _ .
50 - - Tot.une. —M,-25Tev 5 Single lepton triggers used.
40 1 mu+jets channel and e+jets channel
30 . i
20 Bosted jet topologies. Z/W tagger,
1o H taggers (H,,, H,,) and t tagger.
5 20 Soft drop jet mass and
£ 180 4 subjettiness in use.
© . E
% 0 gm0 3000000 / Z' reco mass is taken from the best W.H, Z
MZ“[GeV] ( combination of reconstructed objects. 35.9 b (13TeV)
@ 'fC.halr‘”‘?' Hirnotlag 359" (13Tev) | 2 X6 SRin total N S ICMsl B | g
é 90;_ CMS +l'._)ata -II\;I_>—|-1”2T V _ T Preliminar Py
W 80F Preliminary Mt T=1ele E — 10°p _ 359 fb"1(13 TeV) y Q
70 E Wilets  —M, =1.5TeV 3 '8_ g l 95°/|° CL upper limits My = 1.2 Te\ll 3 l:/ M, =1.5TeV 0.8 X
g DY+ST M, =2.0TeV ; = - CMS B(T — Wh,Ht,Zt) = 50%,25%,25% Qq M. = 1.2 TeV -
60 3 . Tot.unc. —M, =2.5TeV 7 'j 102k Preliminary - ?a:eg),ﬂ o 0.y ad T —
50 ;_ _; F\ f -------- Expected i E 06 OG_T
40 : ] - : i N
30 % S T 10 - 68% expected E T
20 E ? - 95% expected . 0.4 0.4 &
10 ; & 1F — Observed = \b/
E T - 0.2
5 o ; 0.2
S 1.5} PTER R CSET 1 107 -
g s 0.124 0.131
8 0 1072 L . . . . ! . ‘ ; . L 0
e 30004600 0" 1500 2000 Ny 2%00V 0 02 04 06 08 1
MZ° [GeV] 7 [GeV] B(T — Ht)

N
N
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Search for a W' boson decaying to a vector-like quark (VLQ) %Ec |

and a top or bottom quark in the all-jets final state et

(CMS PAS B2G-18-001)

An inclusive search for W' — tHb.
Top and Higgs boosted.

Trigger: H. > 800, 900 GeV
or wide (AK8) jet p,. > 400 GeV

The search variable is m,,, mass.
The primary ozcigrourcl:

QCD multijet orocductiorn
is derived from data using control regions CR1-CR3.

Applicability and versatility of the background estimate
is tested using validation regions CR4-CR?7.
tjet H jet b jet
selection SR >>>>>> tag tag tag
; 2z, CR1 antitag antitag tag
o CKQ; 25, CR2  antitag  tag tag
SILIELE 231, CR3 tag antitag tag
val. CR4 tag tag antitag
backg. val. CR5 antitag antitag antitag
validation val. CR6 antitag tag antitag
val. CR7 tag antitag antitag

13 Piotr Zalewski, NCBJ Warsaw, Exotics and BSM at A
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Lﬁ 103 E SR - W, at 2500 GeV > VLQ at 1500 GeV =
E W', at 3000 GeV > VLQ at 1800 GeV -
102 = 2557 1o background uncertainty —
. 3
10 -
10"
2 2 L
2 1 =
a O ™
s -] E
© -2 i
(]

1000

2000

3000 4000 5000 5000

m,.. (GeV)

thb



Vector-like quark pair production

Q- gqw
T—tH
Tt
T— bW
B — bH
B +bZ
B —+ W
X5/3 —+ tW

X5/3 = tW

T — bW
0 03 06 09 12 15
Observed limit 95%CL (TeV)

Vector-like quark single production

t—lep

T—H Cwn=1.5
t—lep

T—1tH cnd b

t —+ had

T—1tH -y
T—1{iH t— had
ca=25

T2t/ cowm=15
T—+12 cz=15
B—+b/ ow=15
T—=bW owm=15
Y—iH Cwp=1.0

0 02505075 1 12515175 2
Observed limit 95%CL (TeV)
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Resonances to heavy quarks Excited quarks
Z(1.2%) — it -+ g 5312
Z(10%) — ti o tgs=12 [ EHE
gKK — tt —I b* — tW (K.=1)
W - ib b* = tW (Ka=1) 60 b
W = tb (Me<Muw) b* — tW (Ka=1) 70 b
W = tb (M) t* — tg (Kua=1) 705)

Z(1%) — tt
Z°(10%) — tt
Z'(30%) — tt

gKK — it

W tb (My<My)

W = tb (MuMw)

&
7 Tt

- 121 (50%
+Ht (50%)

LQ-=top+mu
LQ-=top+tau

LQ-=bmu

0 04 08 12 16 2
Observed limit 95%CL (TeV)

10 b3
22fb.
19 b2 ]
: Resonances to dibosons
18 b
radion &+ HH 6 b
m
; W - WH 10 b
1152 253354455 Z — ZH 13 fb ‘—'I
Observed limit 95%CL (TeV
(Tev) Gbuk¢_' ww 20 b’
¢
Leptoquarks Gk — 22 30 {b)
W' — VW HVT(B) 28 b
W = WH HVT(B) 20 b,
13 TeV
Z = VH HVT(B) 18 fb.
0 0375 075 1125 15 radion = HH D

0 05 1 15 2 25 3

Observed limit 95%CL (TeV)
“model-independent

Observed limit 95% CL (TeV)

B2G

new physics searches with heavy SM particles
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ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Status: July 2018 [Ldt=(32-79.8) b Vs=8,13TeV
Model {y Jetst ET™ [rdm™) Limit Reference
T ! ! AL ! ! L ' ! ot
o ADD Gkk + g/4q Oe,p 1-4j  Yes 361 Mp 7.7 TeV n=2 1711.03301
g ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n= 3 HLZNLO 1707.04147
B ADD QBH - 2j - 37.0 M 8.9 TeV n==6 1703.09127
qt, ADD BH high ¥ pr >leu >2] - 3.2 M 8.2 TeV n=6, Mp = 3TeV, rot BH 1606.02265
E | ADD BH multijet - >3] - 36 | M 9.55TeV n=6,Mp=3TeV,rotBH 1512.02586
2 RS1 Gkk — vy 2y - - 36.7 | Gk mass 4.1 TeV k/Mpy = 0.1 1707.04147
.; Bulk RS Gk —» WW /22 multi-channel 36.1 Gk mass 2.3 TeV k/Mp =1.0 CERN-EP-2018-179
(01] Bulk RS gkk — tt leu >1b,>1J/2) Yes 36.1 8Kk mass 3.8 TeV r/m=15% 1804.10823
2UED/ RPP 1eu >2b,>23j Yes 36.1 KK mass 1.8 TeV Tier (1,1), BAMD - ¢) =1 1803.09678
SSM Z" — (€ 2e,u - - 36.1 Z' mass 4.5TeV 1707.02424
17} SSM Z' — 17 27 - - 36.1 Z’ mass 2.42 TeV 1709.07242
§ Leptophobic Z" — bb - 2b - 36.1 Z' mass 2.1 TeV 1805.09299
o Leptophobic Z’ — tt leu >1b,>1J/2) Yes 36.1 Z’ mass 3.0 TeV r/m=1% 1804.10823
ﬁ SSM W’ — (v leu - Yes  79.8 | W mass 5.6 TeV ATLAS-CONF-2018-017
D ssMW -y 17 - Yes 361 | W mass 3.7 TeV 1801.06992
& HVTV' 5 WV qqggmodelB Oep 2J - 79.8 |V mass 4.15 TeV gv=3 ATLAS-CONF-2018-016
HVT V/ - WH/ZH model B multi-channel 36.1 V' mass 2.93 TeV gv=3 1712.06518
LRSM W, — tb multi-channel 36.1 W’ mass 3.25 TeV CERN-EP-2018-142
— Cl qqqq - 2j - 37.0 A 21.8 TeV ., 1703.09127
(@] Cl tlqq 2eu - - 36.1 A 40.0 TeV 1, 1707.02424
Cl tttt >lepu 21b,21] Yes 36.1 A 2.57 TeV [Cae| = 4n CERN-EP-2018-174
Axial-vector mediator (Dirac DM) Oe,u 1-4j Yes 36.1 Myeq 1.55 TeV 84=0.25, g,=1.0, m(y) = 1 GeV 1711.03301
E Colored scalar mediator (Dirac DM) 0 e, u 1-4j Yes 36.1 Mpmed 1.67 TeV g=1.0, m(y) = 1 GeV 1711.03301
VVxx EFT (Dirac DM) Oeu 14,<1j Yes 3.2 M, 700 GeV m(x) <150 GeV 1608.02372
Scalar LQ 1%t gen 2e >2j - 3.2 LQ mass 1.1 TeV =1 1605.06035
9 Scalar LQ 2" gen 2u >2] - 3.2 LQ mass 1.05 TeV B=1 1605.06035
Scalar LQ 3" gen Teu 21b23] Yes 203 |Cmasse0cav =0 1508.04735
%’ VLQ TT — Ht/Zt/Wb + X multi-channel 36.1 T mass 1.37 TeV SU(2) doublet ATLAS-CONF-2018-032
g VLQ BB —» Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet ATLAS-CONF-2018-032
o VLQ Ts/3 Ts3l Tsyzs » Wt + X 2(SS)/>8eu=1b,>1j Yes 36.1 Ts/3 mass 1.64 TeV B(Ts3 = Wt)=1, c(TszWt)=1 CERN-EP-2018-171
S VIQY - Wh+ X leu 21b>1] Yes 3.2 Y mass 1.44 TeV B(Y — Wh)=1, c(YWb)=1/V2 | ATLAS-CONF-2016-072
S VLQ B = Hb+ X Oep,2y 21b,21j Yes 79.8 B mass 1.21 TeV kg=0.5 ATLAS-CONF-2018-024
15 VLQ QQ — WgWg 1epu > 4] Yes 203 |(Qmass  690GeV 1509.04261
Q" Excited quark ¢* — qg - 2j - 370 |q* mass 6.0 TeV only u* and d*, A = m(q") 1703.09127
q§> Excited quark ¢* — qy 1y 1] - 36.7 q* mass 5.3 TeV only u* and d*, A = m(q~) 1709.10440
:5 Excited quark b* — bg - 1b,1]j - 36.1 b* mass 2.6 TeV 1805.09299
O  Excited lepton 3eu - - 20.3 A=3.0TeV 1411.2921
0 Type IIl Seesaw 1epu >2] Yes 798 560 GeV ATLAS-CONF-2018-020
LRSM Majorana v 2eu 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
. Higgs triplet H** — (¢ 234e,u(SS) - - 36.1 | H* mass 870 GeV DY production 1710.09748
_q:) Higgs triplet H** — (1 3e T - - 20.3 DY production, B(Hi* — ¢7) =1 1411.2921
O | Monotop (non-res prod) 1epu 1b Yes 203 anonres = 0.2 1410.5404
Multi-charged particles - - - 20.3 DY production, || = 5e 1504.04188
Magnetic monopoles - - - 7.0 DY production, |g| = 1gp, spin 1/2 1509.08059

101 1

*Only a selection of the available mass limits on new states or phenomena is shown.

tSmall-radius (large-radius) jets are denoted by the letter j (J).

10 Mass scale [TeV]

Piotr Zalewski, NCBJ Warsaw, Exotics and BSM at ATLAS & CMS (non DM), CORFU2018, Sep 7




1.
2.
3.

P(n < Nops) = f dx G (x: Nsm, 0Nsm) - Z
0 S,

P(n > N{,bs):f dx G (x: Nswi. 0Nswi) = )
0

4.

~N O O

16

using data-derived signal regions and its application

within the

Data selection & MC simulation

Systematic uncertainties & validation
Sensitive variables & search algorithm
po.= 2 min| P(n < Nopo). Pn = Nops)|

Nobs e—xxn

0
+f dx G (x: Nsm. 0Nsm)

|
n.
n=0

e ¥ x"

!
n.
n= Nobs

Generation of pseudo-experiments

T | T T T T | T T T T | T T T T h T T Ta T | T T T T | T T | T T T
: s ATLAS Simulation

13 IVs=13TeV, 32 fb'

- variable: m,,

E no. of channels with
. p < pmin

= channel
. —a— =1

Fraction of pseudo-experiments

107 = KN e =2 =
- UIRIRRIRIR -0 e i< N =
102 o =
= | Cl b Ly | =
0 1 2 13 4. 5 @6 7 8

1o 2c 3o 4c 5c
I0910“}mlr1;ll

. Evaluation of the sensitivity
. Results (no significant deviations found)
. (only in the case of P

exp;i < 5%)
Dedicated analysis of deviation

experiment (arXiv:1807.07447, Jul 2018)

Accepted
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using data-derived signal regions and its application

within the experiment (arXiv:1807.07447, Jul 2018)
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Search for a singly produced third-generation scalar
leptoquark decaying to a tau lepton and a bottom quark

in proton-proton collisions at sqrt(s) =13 TeV
(CMS — doi:10.1007/JHEPQ7(2018)115, Jul 2018)

g b

g b
Trigger: isolated electrons, muons and tau candidates ( % LQ <
-
b L?/ Bt |

€T, , Ut , 7,7, channels

LQ A i
. . |
At lest one hard b-tagged jet required. //\
Dominant background in all channels is tt production. ’ b 7
Additional backgrounds are W+jets, Z+jets, diboson, single top and QCD multijet events.
35.9 b (13TeV) 35.9 b (13TeV)
g T R T T T T T T " D. Buttazzo, A. Greljo, G. Isidori
§ 10° k- CMS Wy - g::l‘:r"fg 700 GeV i CMS ! and D. Marzocca,
L (A=1,B=1) F N Preferred by B-physics anomalies: a guide to
e 2.0 & B-anomaly (95% CL) combined explanations,
102 o [ Single top quark [ Excluded (95% CL) JHEP 11 (2017)044,
[ Electroweak - JHEP 07 (2017) 121 arXiv:1706.07808.
: Jet—>1:h fakes 1 5 '_ ..... Exp. 95% CL . ;
10 I Ay
: mml EXp' 1 Gexperiment : T
] 10 - — Obs. 95% CL CMS collabor_ation, _
L & | Search for third-generation
- %.:f. 4 scalar leptoquarks and
10! 1 ¥ < \o‘; \\ heavy right-handed neutrinos
o T T T T 5k \sﬁf}gﬁ-{g}} / \\E:\ in final states with two tau
ﬁ 2 0.5 - ﬁ_\ﬁ%‘f{iﬁ}g» \\\\\ :.3-\\ leptons and two jets in p-p
PR e RIS B=1 ] colisions at sqri(s) = 13 Tev
4 L 00 | | doiz10.1007/JHEPO7(2017)121
O ML | FENEE T T TR [ TR TN TR TR NN T TR SN T R - : : : : . v : : : :
0 500 1000 1500 2000 00 1000 1500
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Aren't long lived creatures interesting? &<

Motivation for LLP
various SUSY

Scenarios: TR T, TR e
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A | 735
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ATLAS: Phys. Rev. D 97,052012 (Mar 2018) CMS-EXO-17-018

(arXiv:1808.03078, Aug 2018)

These analyses are similar in using displaced vertices, but focused on different signals.

The ATLAS search is

Large MET is expected
and used for trigger
and selection.

Final selection (SR):
MET > 250 GeV
at least one good DV with mass m_,,> 10 GeV

and number of assoicated tracks n,295
An additional large radius tracking (LRT) in use.

Only instrumental background is expected:
A) hadronic interactions

B) merged vertices

C) accidental crossing of vertices & tracks
Background estimated using

CRs with lower m_.,, n

DV’ " trk”

motivated by Split SUSY.

p

The CMS search is
motivated by RPV SUSY.

No MET but large number
of hard jets is expected.

(H, is the scalar sum of hard
jets transverse momenta)

i
: ’ For trigger (selection)
¢ H.>800, 900 (1000) GeV
d

Only DV vertices inside beam pipe are considered.

In the search two such vertices are required in

each event. In the signal region not less than 5 tracks
per vertex are required. Vertices with fewer number of
tracks form CRs. Background templates are constructed
using events with single vertex.
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(mﬁ’ Mo 15)=(1400 GeV, 100 GeV, 1 ns) (ma, m_,, 75)=(1400 GeV, 1320 GeV, 1 ns)
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spiace ertices > ]
CMS results N
38.5fb' (13 TeV 385" (13 TeV P p d
E 1407\ TT | T TT | TTITT ‘ TTTT | TTT1T | TTTT ‘ I(I TT | TTIT |)7 E 40:\ TT T TT | TTT1T ‘ TTTT ‘ TTITT | TTT1T | I(\ TT | TTT \):
= L CMS ] = 35; CcMS e CcMS 38.5' (13 Tev) _ CMS 3857 (13 TeV) _
Q- 120:_ ] 3track x 3-track —: Q E A-track x 3-track E E1 00 g—tbs =— Observed --- Expected § ’§1 00 t —dd =— Observed -- Expected Ng/
2. t Data 1 £ 30- { Data 4 E g E 6
© 100 7 o E 1 & 105 10 €
Lﬁ L Background template ] Lﬁ r Background template ] 2 it
80l a 25? B E E
L y ] 20:, B E g’_
L V i F P B =% o
60 — E ] 3 3
C dW ] 150 - 10 1 O
L .4 ] o ] = =
0 \ g 100 ] 2 o
L X 1 F B
20 - 51 - ~ =
; ] u 3 _ 500 1000 1500 2000 2500 ) = 500 1000 1500 2000 2500 )
R, . T P I T AR | Lol 4 E 10°% 10°%
& 03 15602 25 3 35 4 © 05 1 15 2 25 3 35 4 Eos 5 Eos E
d,,, (mm) d,, (mm) ©os S 208 S
07 E E
38.5f (13 TeV) 38.5f (13 TeV) 105 03
E 5:\ TT T TT | L ‘ TTTT | TT 1T | TTTT ‘ TTTT | T T I: E 4:\ TT T TT | TTrTT ‘ TTTT ‘ UL | TTrTT | TT 1T | TTT \: § §
st CMS 4 E 35 CMs 3 ' o &
o B 4-track x 4-track ] < >5-track x >5-track ] 0.4 ; B S
3 4 E R 1 8 8
t 350 ¢ Data ] = 3C 4 Data -
l%) = Background template ] %252_ Background template e
3 B L ] 500 1000 1500 2000 2500 ©''500 1000 1500 2000 2500
2 5 3 2i_ 4 m,, . (Gev) m; (GeV)
8 E ; 1 38.5 b (13 TeV) 3857 (13 TeV)
2E 3 150 E 1(]2_—”'|””H"lllln;.l""l""—_ N AR ERRAE RER AN RN RS
E ] b — — E T ig—ibs. ct=1.0mm — E t—=ddcc=10mm -
1.5 = [ SR 1 € F cms Gﬁiﬂ_upperinﬂs: ] 2 F CMS 95% GL upper mits:
E ] 1= 3 L —— Observed 1 i —— Observed ]
= I C ] ?g . Median expected | ‘Eg L i
E E E ] [ 88% expacted
0.5] L 3 0.5+ - 10 E::;TH_: 10F <
[ ] C 7] E = on, ] C 3
?H|.L!'H~ [T T B T Tul ol b b b b F ] F ]
E]U 05 1 15 2 25 3 35 4 00 05 1 15 2 25 3 35 4 i ] i ]
d,,, (mm) d,,, (mm) L ) L 1
0B o b, WE L o e L 3
500 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000
M 5 (GeV) m (GeV)

22 Piotr Zalewski, NCBJ Warsaw, Exotics and BSM at ATLAS & CMS (non DM), CORFU2018, Sep 7



Search for long-lived particles in final states with
in pp collisions at sqrt(s) = 13 TeV
with the detector (arXiv:1808.03057, Aug 2018)

L e T
ATLAS
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----- Expected
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20
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Search for decays of stopped exotic long-lived particles \OJ€

produced in proton-proton collisions at sqrt(s) = 13 TeV B
(CMS: doi:10.1007/JHEP05(2018)127, Aug 2018) 1

Two searches for stopped LLPs that decay out of time:

— hadronic decays detected in the calorimeters = — decays to muon pairs detected in the muon system

LLP decays during empty BXs, dedicated triggers select events at least 2 BXs away from any proton bunches.

calo-jet — signatures — pair of muons
2- and 3-body stopped gluino (stop) decays
LH.C . TFigger HC.AL Cosmicray  Beam Total muon search
period livetime [hrs] noise muons halo background | yphserved predicted observed
2015 135 0477  26x09 114+01 41775(6.2) 4 0.04+0.03 0
2016 586 0078  88+31 26+02 11.471%17.4) 13 v 0.40+0.50 0
A
residual 2016: 362 o' (13 TeV) 2016°36.2 " (13 TeV)
(73] T T T T T T T T T T T T | T T T T w T T T T T T T | T T T T
background S "F cms S 'F cms E
i o] C o] C ]
'n_the . ~ E ¢ Data ~ E ¢ Data E
calorlmetﬂc 3 - [ Cosmic ray muon simulation b4 - [ Cosmic ray muon simulation =
}_'__ 1 02 E — 0 D . =0 __:-_._— 1 Gzzg - _.0 .0 + =D E
search c  F T 97K, R c  F T 9K, o HR .
o (m, = 1000 GeV, m,, = 625 GeV, m., = 250 GeV) u (m, = 1000 GeV, m,, =625 GeV, m,, = 250 GeV)
\ g [ MCHAMP iy (Ql=2e,m _ =600GeV) g - MCHAMP — iyt Q] =2e,m =600 GeV)
G G
= =
~ —~0 ~0 + ~0w w
----MCHAMP — uiui « timing —
10k

-100

0 50 100
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Search for decays of stopped exotic long-lived particles
produced in proton-proton collisions at sqrt(s) =

NG
PRa T

13 TeV

(CMS: doi:10.1007/JHEP05(2018)127, Aug 2018)

2015 + 2016: 38.6 b (13 TeV)
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Search for particles in proton—proton \3‘3:

collisions at sqrt(s) =13 TeV using an S
with the detector (arXiv:1808.04095, Aug 2018)

The search for gluinos (R-hadrons) is performed in two

ATLAS

separate signal regions: stable and metastable. 7 . p Vinimum Bias Data 2016
The main difference is that metastable candidates are . K Vs=13TeV,04nb"

3 Pixel Hits Used for dE/dx
. Positive Charge
— Fit (1.6 x 10° tracks)

required to not be seen in the muon system.
Heavy gluinos are to be recognized by their
higher specific ionisation in (four) pixel layers of the tracker.

MPV o, [MeV g cm? ]

MPVe/ax (BY) = (Bf/‘)c +B

The MET trigger with threshold varied from 70 to 110 GeV is used. 3

Events are selected by requiring (offline) MET > 170 GeV.
Candidates must have p.> 50 GeV, p > 150 GeV, |n| < 2 and 1

MPV _ > 1.8 MeV cm?/g (which is roughly equivalent to By < 0.9)

dE/dx

~
IIII|IIII‘\III|I\II|II\I|IIII‘IIII|\III

\Illlllll\\\‘\\ I I |
0.5 1 15 2 25 3 3.5

e

After suppression of several types of background (not to be described here) what rest is background due to By
— multiple sampling from Landau tail of specific ionisation,
— overlapping particles etc.

The background is fully estimated from data.

A template for momentum distribution in SR is obtained from p-CR with inverted MPV __ cut.

The dE/dx distribution (in several p bins) is obtained from dE/dx-CR with inverted MET cut.
Finally, a validation (VR) region is constructed by requiring 50 < p < 150 GeV.

The search variable is the mass m=p/(By) where By is obtained using the equation shown in the figure.

The background estimate is normalized to data in the region m < 160 GeV before the high ionisation cut is applied.
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Search for
collisions at sqrt(s) = 13 TeV using an
with the detector (arXiv:1808.04095, Aug 2018)

Table 1: Summary of the different selection requirements applied to the signal region (SR), the validation region
(VR), and the control regions (CR).

particles in proton—proton \g:c J

-CR dE£ /dx-CR
SR | VR P /
for SR | for VR | for SR | for VR
Track Momentum [GeV] | >150 | 50-150 | >150 ‘ 50-150 | >150 | 50-150
E%““ [GeV ] > 170 >170 <170
Ionisation [MeV g_] cm?] > 1.8 < 1.8 -
> S T B B L DL B S BRI > 25 R L L s
v - ATLAS e Data i ) B ATLAS e Data .
g C {5=13Tev, 361 1" ’ g [ Vs=13TeV. 36.1 0" ]
2 20F — Background - 2 20F — Background -
‘% i } Metastable selection - ‘% i Stable selection A
o 1°C Validation Region = @ 190 Validation Region
101 - 101 ‘ \ * -
51 = 51 =
:llllTlllll IL - :llllTlllll _IFIIL -
OU 50 100 150 200 250 300 350 400 OU 50 100 150 200 250 300 350 400
Mass [GeV/] Mass [GeV/]
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Search for new particles decaying

to a jet and an emerging jet
(CMS PAS EXO-18-001, June 2018)

m(X,) =400, 600, ..., 1500, 2000 GeV Qa4 Trigger: H. > 900 GeV
m(m,)=1,2,5,10 GeV
g ct(m)=1,2,5, ..., 1000 mm Emerging jet candidates:
d o v . In| < 2, tracks of good quality with p.> 1GeV and within R=0.4
oWl 64‘; -
g . 2% 7 Signature: multiple tracks with large impact parameter (IP).
) AN q — (IP,>, the median of unsigned transverse IP
Xg oS — PU, =z, -2,
J — Dy, =sqr{(PU,,/ 0.01cm)?+IP_ 7},
Production of mediator particles with their decay : inifi
to a quark and a dark quark in the Bai, Schwaler, — where IPSig !S transverse IP Slgmﬁcance .
Stolarski and Weiler (BSSW) model via gluon fussion. Qd — Uy, a fraction of a scalar sum of P CorreSpondmg

to tracks passing D, selection

@ Optimized sets of requiremnts for emerging jets
Setnumber PUyg, (<) Dn (<) (IPp) (>)[em] asp (<)

o EMJ-1 25 4 0.05 0.25

: : ) c EM]J-2 4.0 4 0.10 0.25

Displaced Di-Jet Emerging Jet D EMJ-3 40 20 0.25 0.25

_ Q' EMJ4 2.5 4 0.10 0.25

Dark quarks hadronize under dark QCD. Dark hadrons decay - EM]J-5 25 20 0.05 0.05

via mediator to SM quarks giving emerging jet(s) signature. o EM]J-6 25 10 0.05 0.25
2 2 4

80 mm ( 14 ) (2GeV> (100 MeV) (2GeV> ( mxy ) 8 EM]-7 25 4 0.05 0.40

K frcd Myown My 1TeV O EM]-8 4.0 20 0.10 0.50
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Search for new particles decaying

to a jet and an emerging jet
(CMS PAS EXO-18-001, June 2018)

Optimized selection sets Set number Expected Observed
Setnumber Hr pr1 pro prs pra pP nem(=) EMJset  no. models 1 168 £ 15 (systy) = 5 (systa) 131

1 900 225 100 100 100 0 2 1 12

2 900 225 100 100 100 0O 2 2 2 2 318+ 5.0 (SYStl) (SYStz) 47

3 900 225 100 100 100 3 96 3 194 £ 7.0 (syst)) £ 5. 5(SyStz) 20

4 1100 275 250 150 150 0 2 1 49

5 1000 250 150 100 100 0 2 4 1 4 225+ 2.5(syst;) £ 1.5(systy) 16

6 1000 250 150 100 100 0 2 5 33 5 139+ 1.9 (syst;) £ 0.6 (systa) 14

7 1200 300 250 200 150 O 2 6 103 ' '

5 900 225 100 100 100 0 2 7 OCD-enhanced 6 94+ 2.0 (syst;) £ 0.3 (syst) 11

9 900 225 100 100 100 200 1 8 7 440 + 084 (SYStl) 4 0. 28 (systz) 2
Probability of misidentification of jet as an emerging one
depends on the flavor (b-jets are mach more vulnerable) — , cMseeimmay  teiwiasten - CMSpeimeay  t6iw'(2Ten
and track multiplicity. niRE B il

The misid rate is measured as a function of multiplicity —  pradie e
using events triggered by p_> 165 GeV photon. R ’

Two subsamples: b-enriched and b-suppressed. 1t 7
The b quark fraction of 1CMSPrellm/nary 161 (13 Tev) o ] b
each is detrmined by & | EMU 1 Tow 3 " - :
a fit of simulated gL +iightjet o o
templates. £ 4 1 3 e

Finally: St [ 'l e I E——

= B —_— E 7000 1200 1400 1600 1800 2000 2200 2400 BT10 15 20 25 30 35 40
1 be (1— ) 03k . H; [GeV] Track multiplicity
<€fb> — | fu=fr2  fin sz <€f1> g N e E . . . .
€fl e i \ep ol i Background estimate verified by simulation,
5 : and validated in QCD enhanced samples
A0) i NPT S V0 NI AP | (selection set 8 is shown above)

30
Track multiplicity
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Search for
new partlcles

and an
emerging jet

(CMS PAS
EXO-18-001,
June 2018)

Results
:
No statistaticaly  —
significant excess &
found. ©

dark pion lifetime
versus
mediator mass
X-sec limits
for 4 masses
of dark pion
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Conclusions

A detailed search for almost every imaginable symptom of BSM physics § |
&8 _ is being performed on 13 TeV data by ATLAS and CMS. -
- Only smaII subsamﬂg;sjaown |n thls talk.

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults

http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G/index.html
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