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Why Exotics?

inding new physics

ATLAS Exotics Searches” - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Status: July 2018 [Ldt=(3.2-79.8)fb! V5=813TeV
Model fy  Jetst ET [Ldyn- Limit Reference
T Ty T Ty v r
* No one knows for sure where g ... . o -
£ ADD non-resonant 2y 367 86TV 1 IHIZND 17070417
@  ADDOBH - 2j - a0 89 TeV 170306217
] ] § | ADDBHNgh T pr zlep =2] - 3.2 82TeV My =3 TeV, 1ot BH 1806.02285
£ | ADD BH multijet >3] 3.6 9.55 TeV 6, M — 3 ToV, ro1 BH 151202686
B RSt Gew 2y - — 367 | Gucmass 41 TeV 1707 04147
g Bulk RS Gy — W77 muli-channel 361 | g mass 23TeV GERANEP.2018.179
U | Buk RS grx — tt Tep mlbom 1B Yes 364 | s Mass 38Tev 1804.10823
2UED/ RPP Tew =2bB23] Yos 361 KK mass 1.8 TeV 1 1803.08678
= e 2eu - - %1 |zmes 45TV 1707 02420
° eave n o In g u n o u c e o | sz oo 2r w1 |z 2427e 1rasrete
§  Lapiophobic 2 bb 2b 861 |2 mass 24TeV 160509299
8 | Lestophovic '~ ¢t Tep =1bz1h2 Yes 861 |2 mass 20TeV Iz 1804.10823
a SSM W — (v 1eu - Yes 9.8 W mass 56 TeV ATLAS-CONF-2018-017
2 ssMW v 1t Yos 360 [ W mass 37 Tev 180106962
G (11 u 9 & | HVTV = WV S gagqmosel B e 24 - 798 |Wmass 415 Tev 2o =3 ATLAS-CONF-2018-016
[ o exo I c HUT V' WH/ZH model B muki-channel 361 |V mass 283 TeV 5=3 171205618
] LRSM Wg — th multi-channel 36.1 | W mass 3.25 TeV' CERN-EP-2016-142
| Claaq - 2j - a0 | 2HBTEV i, 1708.08217
O Clrgg 2em - - 361 A 40.0TeV 1707.02424
- Gl arn slep  zlB21j Yes 361 |4 257 TeV Crl = 4z CERNEP-2018-174
) H ow “ exotl c,, ca n o n e g 07 = Axial-vector mediator (Dirac D) D e, 1-4]  Yes 36 Wi 1.55 TeV £,20.25, 3,=1.0, miy ) = 1 Gaw 1711.03301
H & | Coloredscalar mediator (Dirac DM} Dee 1-4)  Yes 361 [ ewa 1.67 TeV. 1.0, mi) = 1 GoV 171103301
Wy EFT (Dirac DM) Oep  1d=1j Yes 32 M. 700 GeV' i) = 150 Gev 1608.02372
Sealar LO 1+ gen - 32 |Lomase 1.1 TeV A=1 160506035
S scaar La2 gen - 32 |Lemass 1.05 TeV =1 1606.08035
= = Scalar LQ 3 gon Yes 203 g0 1508 04735
o ew iIinteractions an Y ST TN gy = [ o EYr— o e
sg | VQEE Wi X muli-channel 361 | Bmass 134 Tev. SU(2) douslet ATLAS-CONF-2018:00(
EE WLQ Ty To Tog — WE— X 2(SS128 e Yos 361 | Taamass 164 ToV B Topg » Wk 1, el T We CERNEP-2018171
I g vAvY-—Wwe X Tep =z Yes 3.2 | ¥mass 1.44 TeV (Y = Whj- 1, o YIVk)- 1732 | ATLAS CONF-2016-072
L] WLQB -+ Hb+ X Oew2y 216,21 Yes 79.8 |Bmass 1.21 Tev kg 0.5 ATLAS-COMF-2018-XXX
products: resonances FE i TP TR
Excited quark ¢ — qz - 2j - 970 |armess 6.0 TeY only u* and d" 1703.09127
E g Excited quark ¢* — gy 1 1j 367 | o mass 53 TeV only & and o 170010440
S E  Excited uark b — bg - Te1] - 361 |b*mess 26TeV 1805.09299
- L G Excitedleplon Sep - - o3 A—30Tey 14112821
[} ro a I n e m a I c re a c Excited lepton 1~ et w3 e 1ty 251
Type Il Seesaw Ten =2]  Yes 7038 ATLAS CONF 2018-020
LRSM Majorana » 2en 2j - 203 (W) = 2.4 Taw, no mixing 1600.06020
L | Higgstriplet H-X s 7 234 . (SS) 361 | H* mass O production 171009748
- & Higgstriplet H=* — {1 Jewut 20.3 O produstion, B{H= — fr} = 1 1411.2821
o L ow to h I g h m as Se S & | Monotop (non-res prod) Tep 1b Yes 203 e 14105404
Mulli-charged parlicles - - - 20.3 OV production, 1504.04188
Magnetic monopoles. 70 O¥ predueton, 5| — 125, s 172 1509.06059
1

« 28 GeV resonances not
covered here, sorry!

*Only a selection of the av

able m.

s limits on new

+Small-radius {large-radius) jets are denoted by the letter

J

L
10t

states or phenomena is shown

10 Mass scale [TeV]

. New signatures: long-lived Not possible to cover all searches

particles, emerging jet

« Only focus on recent results

 Dark matter  Personal taste

 Model independent if possible

CLHEP 2018 @ CCNU, Liang Li

Dec 21, 2018 4



Resonances: Dijet Scan

CMS Preliminary LHCP 2018 95% CL exclusions arXiv:1611.03568
@ CMS +ATLAS+CDF+UA2

ATLAS Boosted Dijet, 13 TeV
T, /M, <~1009 !
z/ Mz < ~100% [arXiv:1801.08769]

1 /

] CMS Dijet 1, 13 TeV ATLAS Diet, 13 TeV

— [EXO-16-046] [arXiv:1703.09127]

] ATLAS Dijet TLA, 13 TeV
T,/ My, < ~30%

| Lz My < -30% [arXiv:1804.03496]

= CMS Broad Dijet, 13 TeV _ __ . ATLAS Diet+ISRy, 13 TeV
[arXiv:1806.00843] [ATLAS-CONF-2016-070]
T,/ My < ~10% _ _ . ATLAS Diet+ISR}j, 13 TeV

' [ATLAS-CONF-2016-070]

CMS Diijet, 13 TeV CDF Run1

1 0_1 —_ [arXiv.‘1806.00843] [arXiv.'hep-eX/9702004]
] CMS Dijet, 8 TeV — ... CDFRun2
Z'—>qﬁ — [arXiv:1604.08907] [arXiv:0812.4036]
| — CMS Dijet b tagged, 8 TeV o .. uaz2
[arXiv:1802.06149] [Nucl. Phys. B 400, 3 (1993)]
50 1 00 200 300 1 000 2000 CMS Boosted Dijet, 13 TeV Z width (all T';/M,)
Xiv:1710.00159, Xiv:1404.3947,
MZ' [GeV] [arXiv. ] [arXiv: ]

Large kinematic range scan

« Limits on the universal coupling g' _q between a leptophobic Z’
boson and quarks for various assumed Z’ width

 More beyond simple dijets: b-jets, top quark jets...
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Resonances: Double b-jets

x10° 35.9 fb"' (13 TeV)
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Select events with dedicated double-b tagger and constrain main
QCD backgrounds with control region using “pass-fail ratio”

- Soft-drop jet mass Mg, peaks at ¢(bb)/A(bb) for signals (AK8/CK15)

« Background only fits show good agreement with data, with clear W
and Z contributions

* No significant excess for signal masses between 50-350 GeV
* Exclusion limits: cX¢(bb)/A(bb) ~ 79(86)pb, coupling g,,/g s~ 3-9 (2.55)
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Resonances: Double b-jets (Boosted)

x10°
% : T I T T T | T T T I T T T I T T T } T T T [ T T T I T T T I T :
G o5 ATLAS Preliminary —*- Data [ SMHiggs (u, =58) 3
oo Vs=13TeV,80.5fh" — QCD Fit — Vhlets (u, =15 7
0 ~~F Signal Regi itsdo — T ]
£ oo} Signal Region QCD Fit = 1o op ]
O ]
o[ ]
15 b
10f =
5 C L I 1 1 1 l L 1 1 I 1 1 1 I 1 1 1 J 1 1 1 { 1 L 1 I 1 1 1 1 .
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o -
O L _
VR o | LA = taseettgte 000 g0y
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1 x10°
> R T I T T T I T T T I T T T I T T T } T T T [ T T T I T T T I T ]
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8 0 S | ¢ .
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s [
N l | | | \ | |
O _1 1 L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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Signal candidate large-R jet mass [GeV]

E‘ T ‘ T T T | T T \. | ] T T T i UJU- 0‘4_ T T T T | T T T | T T T ‘ T T T ]
= ATLAS Preliminary - c ATLAS Preliminary A
o ys=13 TeV, 80.5 fb' 0.351 5=13 TeV, 80.5 b E
é 10 F——— - 0.3; =
S — -
w 0.25+
X C
o 0.2k
10°F E 0. 15 el
[ —-7'(g,=0.25) o1 E
| —— Observed 95% CL upper limit ' - —e— Observed 95% CL upper limit ]
| - Expected 95% CL upper limit 0.05[ - Expected 95% CL upper limit =
5 68% and 95% bands | | 68% and 95% bands
0400 120 140 160 180 200 1600740 T80 780300
my [GeV] m,. [GeV]
ATLAS-CONF-2018-052

Select large-R jet for hadronically decaying resonance

Data-driven estimation via fitting large-R jet mass distribution m; in
SR, validated by data in CRq¢p

Boosted tt events constrained by MC template fitted to CR,, data

Combined SM fit of V + jets, H + jets process and search for extra
exotic signals in m; distribution with the range of 70 and 230 GeV
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Resonances: Top Quark Jets

T T
== Data

ke = T T T el T
f—_’ E ATLAS =—— Data - .:‘1:’ 10" = ATLAS
= B E=13Tev, 361 10" Coeinon Pl & E=13TeV, 36.1 0" ;::e;'::m':“l’[’]””‘
2 T SS dilepton / trilepton Pk 2 £ 10 ESSaiepton/ tilepton i
20 —VLOMtop Signal Regions ) — VLQ/4top Validation Regions i
[ 10° . v
ghi:’osons - - S“;"’““S
. - 10 e —— - Other g
— TO.;'her bhkg - Total bkg unc.
----- 1TeV (44 fb) —
----- tHT Cl (40 b) -
Total une. -
. B 3 oF
B - T Rl .7, 1
o E E ” l _+—
g E v T I 8 st
o ot S 5 VRib2l VR2b2I  VR3b2l VR1b3l  VA2b3l  VR3b3I
S S, By S, S S
Bt “R2oz Ry “Ripz SRing, SRy “Rivg SRy
= T L e L B S B = R e B L
= T ATLAS =—e— Observed limit = r ATLAS —e— Observed limit
— [ 1 ==-=- Expected limit — - R =ssss Expected limit
E oL Ys=13TeV,3611b o = © Ys=13TeV, 36.1 fb’ _—cic ]
= . . - + 2 | -
T £ SSdilepton/ trilepton + b-jets _ ThE{gry (NNLO) :;:I\ 1z 2HDM type-ll H — 1t Al it at 95% cLg
=y - Alllimits &t 85% C.L. 7 & E S8 dilepton / trilepton + b-jets  Theory (NNLO): E
\6' — m = tanp = 0.3
1 —] X [ —— tanf =05
§ .i 10! = tanp = 1.0 =
o = i
107 — =3 5
= E c 10°= -
102 L L S S B T S Bl L b b b b L
400 600 800 1000 1200 1400 10033704 0B 0868 07 08 0.0 1 11
m, [GeV] m, [TeV]

Select same-sign leptons with b-jet to look for vector-like quark,

four-top-quark, and same-sign top-quark pair production

 Fake lepton background estimated by matrix method, mis-charge
ID estimated by Z->ee enriched data sample

« Use validation region (VR) to verify background modelling in SR
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https://arxiv.org/abs/1807.11883

Resonances: Top Quark Jets

£ E . - -
S 900k ATLAS 1 Single Lepton ¢ Data B 7T (SM) [T + jets (data-driven)
2 ook s =13TeV,36.1 for Post-fit ¢t + HV  [JNon-it 7/ Uncertainty
o 3
o 700 F ’ 9j,3b,0J >10j,3b,0J 9j,24b,0J >10j,24b,0J
600 - ' 150 F f 80F
500 F »ooF - - 7
400 - 100 oL
300 N v 40
200 f 100 50 -
C - [~ 20 _—
100 F o
oF 3 '=| :—Hv'-;‘-;‘»‘- [~ W
D125
[0]
o IF O O Do A5 /-%6%/ W/é‘é{-/,ﬁ;%/ M/@/&W W W
S0
8 035 500 1000 0 500 1000 500 1000 500 1000 1500
HY [GeV] Hbd [GeV] Hhad [GeV] H [GeV]
aTias T e tev et ATLAS ~ (s=13TeV,36.1 fo"
£F£F (SM) — ot {£F (SM)
Single lep. / OS dilep. stat. tot ( stat syst)
single lep. / OS dilep.| o 1793 (5 %)
SS dilep. / trilep.
SS dilep. / trilep. O 8.4 8 (118 109
BEE Expected =16 | L]
. -- Expected = 20
Combined —— Observed Combined O 3.1 jg ( g:g 33 )
----- Expected (1.1 1)
o L el vy b by b b b b by b
0 2 6 8 10 2 0 2 4 6 8 10 12 14 16

95% CL limiton u = G‘T'T/cr‘?'?

TR /- 7 |
Best-fit u = o™/ 5",

» Select single or
opposite-sign di-
leptons with jets

* Major tt+jets
backgrounds
modelled by TRF
method

* VR and SR
divided by #jets,
#b-jets, #large-R
jets

- Signal +
background fit
H. had distribution
shows good
agreement

Combined upper observed(expected) limit on p(tttt): 5.3 (2.1)
Observed(expected) limit on BSM EFT (tttt) cross section: 21fb (15fb)
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https://arxiv.org/abs/1811.02305

New Signatures: Long-lived Particles
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New Signatures: Long-lived Particles

Long-lived particle signatures in a detector

I. Antonelli
suann neutral HSCP dieplaced Bl EBSM
charged dilepton M lepton
— any charge W quark
photon
) Il anything
disappearing displaced
track . lepton
'{l R T :_
| & L ! I |
Ay . **'*'..
: ;r ) '- .'il‘
displaced 1 . displaced
dijet 1= Ty Pt
B
displaced v Not piotured:
vertex :;fﬂ:‘:'&d stopped particles
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New Signatures: Long-lived Particles

Long-lived particle signatures in a detector

I. Antonelli
smann neutral HSCP displaced HBSM
charged dilepton M lepton
— any charge W quark
photon
) M anything
disappearing displaced
track lepton
'{l Ffraen .
3
i - Ny ) ll l'.
l',-I-i- g ;'_" 1= ‘*..
:.;' B ."'-t
_ et K, .
digplaced . %, displaced
dijet x E s, photon
S
displaced v Not piotured:
vertex :i[:-?'ﬂamm stopped parficles

v Displaced objects: vertices, leptons, jets...
v Disappearing tracks, (Heavy/Multi-) Charged Particles...
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New Signatur -lived Particles

ATLAS Long-lived Particle Searches* - 95% CL Exclusion
Status: July 2018

ATLAS Preliminary
[L£dt=(32-36.1)fb! ys=8,13TeV

Model Signature  [£dt[m™] Lifetime limit Reference
HPV,\/? — eev/euv/puv displaced lepton pair 20.3 ,\ff er;ime'  m —— | ' R S E ITe\.L m(y9)=1.0TeV 1504.05162
GGM 42 - Z& displaced vix+ jets 203 [ x? lifetime m(E)=1.1TeV, m(x$)= 1.0 Tev 1504.05162
GGM 1§ — ZG displaced dimuon 329 x'f lifetime 0.029-18.0 m m(g)=1.1TeV, m(x2)=10TeV | CERN-EP-2018-173
GMSB non-pointing or delayed y 203 | x? lifetime . o0ssam SPS8 with A= 200 TeV 1409.5542
AMSB pp — xix? xy;  disappearing track 203 | ] liletime _ m(y;)= 450 GeY 1310.3675
AMSB pp — xixl.xTxy  disappearing track 36.1 | liletime 0.057-1.53 m m(yy)= 450 GeV 1712.02118
AMSB pp — x5l x{x]  largepixeldBidx 184 | lifetime | 13tsom m{i})= 450 Ge¥ 1506.05332
Stealth SUSY 2IDMS vertices 195 | § lfetime T oriomoeim|  m(z)= 500 Gov 1504.08634
Split SUSY large pixel dE/dx 361 | @ lifetime >09m m(&)= 18TeY, m(x?)= 100GaV | CERN-EP-2018-198
Split SUSY displaced vtx + E;“‘SS 328 g lifetime 0.03-13.2m m(g)= 1.8 TeV, m(y})= 100 GeV 1710.04901
Split SUSY 0L2-6jets +EM™ 361 | g liletime 0.021m m(&)=1.8TeV, m(y})= 100 GeV | ATLAS-CONF-2018-003
Hoss 2 low-EMF trackless jets  20.3 | s lifetime . oa17sTm m(s)=25GeV 1501.04020
H-ss 2 ID/MS vertices 19.5 | slifetime s ()-z5cev 1504.03634
FRVZ H — 2y + X 2 e, y—jets 203  |FlliEiing o0-3 mm m{ya)= 400 MeV 1511.05542
FRVZ H — 2y4 + X 2 e, - a-fets 3.4 | yalietime 0.0221.113 m m{yq)= 400 MeV ATLAS-GONF-2016-042
FRVZ H — 4y, + X 2 e, -, 7Jets 34 | yalifetime 0.038-1.63m m(ya)= 400 MeV ATLAS-CONF-2016-042
H— Z,Z; displaced dimuon 329 Z, lifetime 0.009-24.0 m m(Zy)= 40 GeV CERN-EP-2018-173
VHwith H — ss — bbbb 1 —2{+multi-bjets 361 | slifetime  0-3 mm B(H — ss)= 1, m(s)= 60 GaV 1806.07355
(300 GeV) s 5 2 low-EMF trackless jets  20.3 | s lifetime . o2978m % B= 1 pb, m(s)= 50 GeV 1501.04020
(300 GeV) — s 2 ID/MS vertices 195 | slifetime e - < 5= 1 pb. m(s)= 50 GeV 150403634
(600 GeV) — 55 2 low-EMF trackless jets 32 | slifetime 0.09-2.7 m @ % B=1 pb, m(s)= 50 GeV ATLAS-CONF-2016-103
(900 GeV) - s 5 2 low-EMF trackless jets  20.3 | s lifetime . oisadm % B=1 pb, m(s)= 50 GeV 1501.04020
(900 GeV) - s 5 2 IDIMS vertices 19.5 | slifetime - oa1s3m % B= 1 pb, m(s)= 50 GeV 1504.03634
1 TeV) - s 5 2 low-EMF trackless jets 3.2 | slifetime 0.78-16.0 m o % B=1pb, m(s)=400GeV | ATLAS-CONF-2016-103
HV Z°(1 TeV) - quqy 2 ID/MS vertices 203 | s lifetime - otasm % B=1pb, m(s)= 50 GeV 1504.03634
HY Z'(2 TeV) - quav 2 ID/MS vertices 203 | s lifstime o % B=1pb, m(s)= 50 GeV 1504.03634

0.01 0.1 1 10 100 cr [m]
“Only a selection of the available lifetime limits on new states is shown. (=1

v Displaced objects: vertices, leptons, jets...
v Disappearing tracks, (Heavy/Multi-) Charged Particles...
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Long-lived Particles: Displaced Jets

CMS-EXO-18-007

-1 -1
35.9 b (13 TeV) . 35.9 fb™' (13 TeV) 35.9 fb' (13 TeV) SOGCClVlS 35.9 fb (13 TeV)
3109 T CNI‘S T T 'w Da;,a T T T E| g ; CMSI T ' ‘Dat.a T T § ;Hu‘ T T T T T T T T T HHIE -;G,J pp%ﬁﬁ.ﬁ%gé GMSB  NLO+NLL exclusion 10 é
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i} %= £ Oty = E S M= eV, ct, = 30 mm u Median expected | e = 7 Vtheory 5]
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1 1 10°E 108 3
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) 3 E
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=15 E =15F i E
5 t ; S ST, :
e e T (A & ‘;‘""""'"*'{'}'"'L“rf'+" '}'”"'1'?"'}'?"'{'}'”%
Oos i E O 5F } + E
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Vertex track multiplicity Vertex L, significance AP e 1o : ) ’ i
log, (ct/mm)
-1
1 4 35.91b (13 TeV -
35.91b™ (13 TeV) 7 35917 (13TeV) . oy e ( — "")E CMS suppiementary 35.9 fb™ (13 TeV)
S 3 CIMS‘ T T , \Dala T T T T E gm E CIMS‘ T : IData T T T T 3 £ g g ; —_— — - — 10 E'
B Muttijet MC = S | Multijst MG 1 v t CMS 95% CLupperlimits 7 2qp0( PP :)tt't_) i 'y, 85% OL limits =
S [ Jetdetmodel  ------ m, =300 GeV, cr,=3mm E ‘2 10°| Jet-Jet model  ------ m, =300 GeV,ct,=3mm 5 [ RPV T bl —— Observed ] g = = Expected £ 16, 1mem c
Btk ---- m -300GeV,cr,-30mm ¢ F - m, -300GeV.cr,-30mm -3 107 - 33x Median expected 3 & —— Observed 10, === CMS DV search 2
E “+ m, - 300 GeV, cr, - 300mm w .r -wm my =300 GeV, oty = 300 mm % = NLO+NLL aipp-iD) eclanexpected 3 £ 1800 i 8
" q 107 E D m,=1600GeV m;=1200GeV | 17
§ ;., i 1% m; = 1000 GeV m- = 600 GeV = 1 $
R 104 3 £ B e
1 E E E ] 3]
10k 10° E
L | - 1 il 1 1 . | L 1 1
E Q } 107
E =15F i 3
-----‘---’---r-‘--‘--0---‘--’---"--'--T-'*--*-"L""i-"*"fé g 1fe |""""“‘““"'+"+"+“}"“'*"1"“"'+' '*t{'*" E
! t 3 Qosf b ; E e =
£ E s E T IR e e
0 02 04 06 08 1 12 14 16 18 2 0 01 02 03 04 05 06 07 08 09 CEN Lo R
Cluster RMS Likelihood discriminant 1 10 107 10° . . 25 3 35 4
ct, [mm]

Iog10 (cty/mm)

» Displaced vertex associated with dijet, build discriminant from
vertex track multiplicity, vertex L, significance and Cluster RMS

* Limits obtained for pair-produced LLPs, gluino and squark masses

1
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Long-lived Particles: Dlsplaced Jets

o
o
&

j— 72
= T B g7 AS
@ 1
" % {m‘b mzﬂ) [GeV] ATLAS Simulation - 10° "FS_-ISTQV 36.1 fb
! c Con 125,10 . =} -+ Data
2 0.2- . 250,50 W{'z“ ] D 10 WW - v
@ 3 §! 'g [Ctop
3 [ === 500,20 5 10° 3 B Z+jets
P a Y = ',
- F 0.15-=w== 500,200 10° - [] Other MC
o/H § 7 5 1
c |
_____ o 01_ =
Zd g : 10 &
q v r 1§
p 0.05} o
r =
[ =
0 L AT R Ml L’DU
q 1072 107" 1 10 10°
ctliml
—_ e LI I 1 e e B B B 1 L B e —_ 3 — —_— — . 3 = T
< F T g 10 ATLAS ' E g 10°F ‘ ATLAS '
. 2 /=13 TeV, 36.1 b ~: L Js=13Tev, 3611
° LY ) N i L. L
- A m 102 n%/_CLﬁ Lm\}lts - N 107k 9m5¢/o= G s gnlts
@ o o T E (b)) — mz =10 GeV 1 T A T — i 20 Gev
107 e N A i i & -
F m 10 m
X - Jad
5 - =
107°E N !
F m, = 125 GeV 1 o g a
- ATLAS —m=sGev 4 = L - ©
[ Vs=13TeV,36.1fb" m;,=10GeV | o 10
95% CL, Limits =~ m;, = 15 GeV g § i
10—3 Lol Lo vl 1 lL\IIHl [ 72’ | | | T 10—2 el el PR | R
-2 —1 ; 10 el el e -2 —1 2
10 10 1 10 10 102 o ] 10 102 10 10 1 10 10
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Event signature: Z, decaying within the TileCal and no charged
tracks point to t?\e primary vertex

» Define calorimeter-ratio jet (CRjet) with log,,(E+;/E|A/)>1-2
« Data-driven method to estimate background using W+jets sample

CLHEP 2018 @ CCNU, Liang Li Dec 21, 2018 1



https://arxiv.org/abs/1811.02542

Long-lived Particles: Multi-charged Particles

% C L T ""|l"'|f"fE ’;0-25_""""I""""""\“"\"""“_ =< 35: """" I R R
% 0'3? ATLAS E r ATLAS ] E 30E [ Data -
. r e .1 ° C L, 1 ® = M Mass 200 GeV, z=2.0 7
@ 0.25- fivs=13Tev, 361" 4 & 02f 1s=13TeV, 361167 7 & 25f B Mass 1400 GeV, 2-2.0 —
] E : = - e Z—u'y data = E_ _E
z 0% , ERECEE =r TN - ATLAS E
Z o5t ladaw 35| Cigeres T 1 E
= 015 {1 T M=800GeV,z=20 1 Z r R e =T ] 10F i \s=13TeV,36.1 o
o ]ii ---M=800GeV,z=45 1 — 0.1 = o B 3
0.1 i . - M=800 GeV, z=7.0 C . ] 5 C D 7
c : i ] B ] = A B 3
0.05 :_ i ) _: 0.05 ‘» e ] E g
: : : R N3 E
G55 S VN T Qo= 0 Eto 75 20 25 30 LT R S R VI R VR
S(TRT dE/dx) S(MDT dE/dx) S(TRT dE/dx)
= 100g—— 71—V 7 T 1 ] T T = 1400C T I T T T I T T T I ]
= 0P ATLAS Theory Observed 3 - | ATLAS T 3
\s =13 TeV, 36.1 fb” TdD':m_nzo isjo_:;"m‘t g PCFVs-13TeV, 36.1 fo 3 o E
" Covass va £ 1zoob S
1 z=35 -vz=35 % = f : f : .
DY z=5.0 z=5.0 = N 00 :_ ]
10 S - ; i 3
o3 g 9002— /o —i
104 ~  soof —-— Obs?ervedi QS%ECL Ii%nit =
10°"""500 400 600 800 1000 1200 1200 700’54 2i5 3 3;.5 4 4i5 é 5;.5 6 6i5 s
MCP mass [GeV] >
The significance variable of S(dE/dx) is a powerful discriminator
 Use 2D S(TRT dE/dx) S(MDT dE/dx) to define signal and control region,
background estimation using ABCD method and sideband
 No observed events (<1 background expected)
* Multi-charged particles mass lower limit: 980-1220 GeV "
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https://arxiv.org/abs/1812.03673

Dark Matter Searches

x(mom) v (Mono-)X + MET

« X=jet, photon, W, Z H, t...

« jet: most general and powerful
« photon: less powerful

 WI/Z hadronic: large
background

 WI/Z leptonic: clean signature,
small signal

 Higgs: Higgs portal

 Top: Yukawa-like coupling,
more complex signature

collider

v Di-X Resonance f X
« X=jet, photon, W, Z H, t...
« Resonance scan

v' Searches comparison . indirect

 Collider vs. direct/indirect
searches

102.41p
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Dark I-earches

C 1 07 LI L N I B O B O B N N I I L N I B Y BN O N ; I ; : : : . . . : g
‘'~ . —e— Data
f ATLAS Preliminary ] Z4jets % 10° ATLAS Preliminary 1 —e—Data [ Non-resonant Il E
o 108 s=13 TeV, 361" [t +single top £ Vs=13TeV,36.1 10" g, Zuiets 3
= H(bb) + E7"* [0 W+jets Z
c . w 10? . —-
@ , ~5[ 0lepton 2 b-tags [ Diboson " Z(up)+E™® Bwz Il oters E
U>J 10 = aﬂlt"u‘; ¢ E AELIJ'_ T Stat.+Syst. .
\\\\ Background Uncertainty . S By, aaeas 2HDM-a (m =600 GeV, m =250 GeV) 5
10% +- Pre-fit Background — R = s I AV (m, =500 GeV, m =100 GeV) =
— - 2HDM+a 3 A I
3 m,=1 TeV, m, =250GeV 7 ! =
10 Ogigna = 8.61 b E ]
E 107
10? E

............... e
10
10°°
0
E 1.2:7[| | T T T T T 17T | T 17T | T 17T 1 T TT I I TT |{
8 Ao NN y @
(DU 0-8:_| [ B R AR R B R A A Y AR IR B |: g :;
200 300 400 500 600 mgsoo 800 . 2(530 3(%0 4CEIO 560 660 760 1 1;00
E; [GeV] ET= [GeV]

v' Use MET distribution to extract signal
v Different shape, although overwhelming background
v' Background modelling important
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Dark Matter
Axial V

o 1 . ——
@ [ ATLAS Preliminary Vs =13 TeV, 3.6-37.0fo
| im,=015_ . o
| T/m,=0 T

Axial vector mediator
Dirac DM
my=10TeV,g,=1.0

0.05f
0.04 -

PR SRR AT FRTTETInT

| L
0.03{50 200 70002000

m.. [GeVl

CMS Preliminary
]

1000 —

95% CL upper limits
Observed
--- Expected

Dijet 8 TeV
2031
Phys. Rev. D 91, D52007 (2015)

Boosted dijet + ISR

361 M0
arkiv: 180108769

Resolved dijet + ISR (y)

1850
ATLAS-CONF-201€-070

Resolved dijet + ISR (j)

155M0

ATLAS-CONF-2016-070

Dibjet

243836110
Phy=. Rev. D 98 (2018) 032016

Dijet TLA

368297
Phys. Rev. Lelt. 121 (2018) 081801

1f resonances
361

Eur. Phys. J. G 78 (20181 565
Dijet

3700

Phys. Rev. D 96, 082004 (2017)

Dijet angular
37.0Mf°
Phys. Rev. D 96, 052004 (2017)

ICHEP 2018

m, [TeV]
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Dark matter mass m ,, [GeV]

200
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— = My=2xmg,

Q h 2012

Exclusion at 95% CL

= Observed

= = = Expected
DM + j/V(qq) (35.9 fb™)
[arXiv:1712.02345]

DM+ v (35.91b™)
[EXO-16-053]

DM + Z(Il) (35.9 fb ™)
[arXiv:1711.00431]

1

500
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Mediator mass M, [GeV]

1.6

14

1.2

0.8
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0.2

hes: Vector or
Mediator

ATLAS-CONF-2018-051

E= Dijet
Dijet ¥ = 13 Tev, 37.0 b
PRD 96, 052004 (2017}
Dijet TLA ¥E = 13 TeV, 20.3 o'
PAL 121 (2018) 0818016
Dijet + ISAYE =13 TeV, 155 b
ATLAS-CONF-2016-070

tt resonance

Vs=13TeV 361 10"
EPJC 78 (2018) 565

B Dibjet
r: 13 TeV, 36.1 1o
PRD 88 (2018) 032016

— Emiss+x
E:L-rrﬁ =13 TeV, 36,170
Eur. Phys. J. C 77 (2017) 393
Er"+jet f5=13Tev, 361 o'
JHEP 1801 (2018) 126
EZ(I)fE = 13 TeV, 36.1 o'
PLB 776 (2017) 318
E;'“N(had)ﬁ =13TeV, 36,1 f
ATLAS-CONF-2018-005

ator, Dirac DM
=0, g = 1
L CL

Lo
||||||||||||||||||v3(||||||||||||

mg, [TeVv]

q, = coupling to SM
grn = coupling to DM

M = mediator mass

U'ned = mediator width
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Dark Matter Searches: Scalar or

Pseudo-ScaIar

— - T T
i [ ATLAS Preliminary ]
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Dark Matter Searches Comparison:
Spin Dependent
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Dark Matter Searches Comparison:
Spin Dependent

CMS Preliminary ICHEP 2018 Xt vector med., Dirac DM =625,9_ =1.0

a7 Boosted dijet (35.9 fo)
10 [arXiv:1710.00158]
Dijet (35.9fb™)

-38 )
10 [arXiv:1806.00843]

11 L|_|| IIIIII||| (N

(

DM + j/V(qq) (35.9 fb™")
[arXiv:1712.02345]

SD 2
GDM-proton [cm ]

1 0—39

DM+ y (3591b™)

1074 [EXO-16-053]

|I||T|||' IIII|T||| IIIII|T|| |||||||r|'rr

DM + Z(ll) (35.9 1™
[arXiv:1711.00431]

10741

DDAD observed exclusion 90% CL

1 0—42
PICASSO

[arXiv:1611.01498]

PICO-60

[arXiv:1702.07666]

Super-K (bb)

[arXiv:1503.04858]

IceCube (bb)

Ll 1 L1 1l 1 Lol [arXiv:1612.05949]
10 102 IceCube (tt)
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Dark matter mass m ,, [GeV] [arXiv:1601.00653]
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Dark Matter Searches Comparison:

Spin Dependent

10°%

= E i T3
& !
= 107 LATLAS Preliminary —
o = 5
-5 39 i ]
2 107°F E
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g 10 3

tt resonance -

107

107%

107%

107
1 0—45 Axial-vector mediator, Dirac DM

gq = 0.25, g = 0, gx =1
ATLAS limits at 95% CL, direct detection limits at 90% CL
" " L L gl M " P T R A | L L PR R T N A

10 102 10°
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T IIIII|T|

107

—

== Dijet

Dijet ¥s = 13 TeV, 37.0 b’

PRD 96, 052004 (2017)
Dijet TLA ¥s =13 TeV, 29.3 fb™’

PRL 121 (2018) 0818016
Dijet + ISR ¥S = 13 TeV, 15.5 fb’!

ATLAS-CONF-2016-070

—tt resonance

fs =13 TeV, 36.1 tb™
EPJC 78 (2018) 565

B Dibjet

fs =13 Tev, 36.1 b
PRD 98 (2018) 032016

TTET4X

EM 4y VS =13 TeV, 36.1 fb”
Eur. Phys. J. C 77 (2017) 393

miss

E7 +jet Vs = 13 TeV, 36.1 fb”

JHEP 1801 (2018) 126
ET®+Z(ll) ¥s = 13 TeV, 36.1 '

PLB 776 (2017) 318
ET+V(had) ¥s = 13 TeV, 36.1 o'

ATLAS-CONF-2018-005

LUX

PRL 118, 021303 (2017)
Phys. Rev. Lett. 116, 161302 (2016)
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Dark Matter Searches Comparison:
Spin Independent
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Dark Matter Searches Comparison:
Spin Independent

CMS Preliminary ICHEP 2018
— L] 1 I rrrnwt I 1 1 rrrri 1 I rrrrri
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Dark Matter Searches Comparison:
Spin Independent

1 0—39
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ATLAS Z' baryonic
Z' baryonic, Dirac DM
sin® = 0.3, gq =1/3, gx =1

Phys. Rev. Lett. 119 (2017) 181804
Phys. Rev. D 96 (2017) 112004

ATLAS Scalar

Scalar mediator, Dirac DM
gq = 1’ gx = 1

Eur. Phys. J. C 78 (2018) 18

—DarkSide-50

arXiv:1802.06994

—CRESST IlI

arXiv:1711.07692

XENONA1T

arXiv:1805.12562

B PandaX

Phys. Rev. Lett. 117 (2016) 121303
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arXiv:1608.07648; arXiv:1602.03489
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Summary

Extensive exotics searches done at LHC

« Most searches analyzed 36fb-! data
Resonances scan

New signatures

Long-lived particles

Dark matter
« 150fb-! already collected
 No new (exotic) physics found so far

« Continue the effort to search for all possible final states and
signhatures

 Many more interesting ideas to test and search
 No one knows when or where the new physics will appear
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