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Archetype of “invisible at collision’

Run:event 2468: 66487 Ctrk(N= 0 Sump= 0.0) Ecal(N= 4 SumE= 15.8)
Ebeam 45.613 Vtx (-0.12, 0.12, 0.21) Hcal(N= 0 SumE= 0.0) Muon(N= 0) hep-ex/0509008

ALEPH
DELPHI
L3
OPAL

L ¢ average measurements,
error bars increased
" S by factor 10

LEP1: BW=a2— KMV /DKL T3, &RE
Z LHCTODMEZRS T/ U, ZEEXRLU
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Higgs: yet another “invisible at collision’

- A BWTHETS © ggF 49 pb / VBF 3.8 pb / Vh 2.3 pb
- ggF = mono-jet like search: RXEEL
- VBF — large-rapidity-gap jets: &6 EEHE L)

- Vh = mono-V like search

HIG-17-023 / arXiv:1809.05937

(13 TeV)

(13 TeV)
3~ CMS — VBF H(125) — — VBF H(125) —

Simulation

—— VBF H(125) —

10 Simulation
ggH(125) — ggH(125) — ggH(125) —

Arbitrary units
Arbitrary units
Arbitrary units

—— V+jets (EW) — V+jets (EW) —— Vi+jets (EW)

— V+jets (QCD) ' — V+jets (QCD) — V+jets (QCD)

IA¢ | [rad]

* Selection * SR
* Jets: * Shape fit: m; > 200 GeV, An(j, j) > 1.0
pra > 80 GeVopry > 40 GV, n <47 Cut&Count m.> 1.3 TeV, An(j, j) > 4.0
* Ep™ > 250 GeV * main BGs: QCD Z/W+jets w/ missing ¢

* A¢(E¥liss,]‘) > 057 A¢(.]19.]2) < 15
* Vetoy,b,”

Hideyuki Oide 2019-07-05


http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-023/index.html

| Higgs: yet another “invisible at collision’

HIG-17-023 / arXiv:1809.05937

35.9 fo"! (13 Tev) * VBF: tagged by large rapidity-gap jets
CMS  4ow  [eeece * B(h — inv) < 0.33,,, (0.25...) (95%CL)

Pred. from [ Jwiesaco) [ zovises @)
b-Only fit . W(lv)+jets (EW)

exp

* CMS: 7,8 TeV + 13 TeV (2016) combination
* All of VBF, Vh, ggF: <0.19 . (0.15

Events / GeV

Dibosons

obs exp)

491" (7 TeV) +19.7 fb”" (8 TeV) + 38.2 fb™ (13 TeV) ) 4.9 b (7 TeV) + 19.7 b (8 TeV) + 38.2 o™ (13 TeV)

90% CL limits
B(H— inv) <0.16

Higgs-portal models
=-- Fermion DM
Scalar DM

Direct detection

[cm?]

-9~ Post-fit Uncertainty : —e— QObserved

o O —o——o—
--©-- Median expected

. 68% expected

95% expected

DM-nucleon

Sl

o

(Data-Pred.) Data / Pred.

: XENON-1T
\ L —LUX
: - PandaX-Il
Scalar ' —— CDMSLite

1

\ ! —— CRESST-II
1
II

Combined 7+8+13 TeV Combined 13 TeV Combined 7+8 TeV

Higgs portallci& L iR
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-023/index.html

1 el ®Eehine

* H— I —FETICTEHDDICBICRZ GBS TES>THERERS.

* BEITEHATWVSBDM (Q 4 ~0.12) ICIEERBHH D,

FnH thermal freeze-out TESTEHDEED &,
DMESMD HWEICIZASHODHEEERNH > TUNDBNE,
— WIMP: (6v) ~ 3 x 1072° cm’/s

* SMIC [EWIMP-DMIC K9 % fiFDIEFHHR LY |
= BSMOEFEEZBAICETR/FLTWS
— THHEE, [l : RPC-SUSY, neutral LSP, WIMP

* B DM-SMEEER b1 57K TH,
K IRILF— - U—FEZHNIFLHCTDMODERD TE S TEENH S
- ELUTHEWNE, BEIDLULMEHHMS AL

Hideyuki Oide 2019-07-05



SUSYD B DO 57 W—>E{IDE%E ?

ATLAS ® Data 2015 and 2016
#4% SM Total

Vs=13 TeV, 36.1 fb I Wojets
Meff-2j-2100 [ ] t{(+EW) & single top
[ ] Z+jets
[ Diboson

* (LUTIE®ROYC 7O—7)

Events / 200 GeV

* TSUSYAHBIF TR EB > TWEXRTIEER> THEU
o E Bl Multi-jet
—Z‘ % 71. (Ij— t éln\%jb\sfd:‘l\ D P /1./ l l ] ’:-;- ,,,"- aaf’iffcﬁ

m(q, x?)=(600, 595)

*x TTHI, SUSYIRRIBK THEH>EDMIZH BIET T/
R BEICITFTE->-TWBESTHAKRE-STS U]

Data/ MC

* TFEDMMAENS7% 5, SUSYU 2L THWLWA |
CpB0nD?EVWSHMEEEEATERL, F50) O inel) [GeV]
IERDD > THSHFEARNIERVLH S,

ATLAS o)

- N — < W Vs =13TeV,36.1 o' Exp limits (+16,, )
* I_ t \/\ j b\zl:é/ LL- SUSY L/ 75\78\ L\ d) ? SUSY‘* D h\ D I 0O-leptons, 2-6 jets - Exp. limits I(MJEH
i e ; oL e, i (19 TeV, 32 15
BRUTWEBWTREE LT > T2 &lFRWn
D ?

*x TEDHZISUSYRADM—BENT, DMZLHCT
EZTCHDDRNNBDIRETRAY =ML THEE ? Tobo a3 Ta oo

m; [GeV]
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SuperCDMS Soudan Low Threshold
X L J( )13)
e Low Threshold (2011)

CoGeNT

10_4() | <, 2 \ \ ‘ (2012)
x ‘ CDMS Si

10-4

10742

)

Y
10743 gy

. o\ Nk
& AN A\YY
1074 % NERRAY

Be MT\}‘; W\ A
0) sC SN O

10—45 Neutrinos HERENT 8B 4 “\\*
Neutrinos g2~

10—46,

10—47

(Violet oval) Magnetic DM
10_48 (Blue oval) Extra dimensions

(Red circle) SUSY MSSM

MSSM: Pure Higgsino

10_49 L @ MSSM: A funnel
MSSM: Bino-stop coannihilation
MSSM: Bino-squark coannihilation

1 10

WIMP-nucleon cross section [pb]

c\rl_1
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2,
o
o
=
Q
O
77!
)
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o
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Q
o
o
~
Q
o)
T
ol
§

1070

WIMP Mass [GeV/c?]

* DMASSMeE ESHBEERT 2 h5EWA, WIMPRD TE > EAMNMEEERDL®SI1ET

* EHEEE DBEEZERTIISMMNSDM pairz{E5BENMENS.
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| HC T DMz

* Io5<Kbhns e
* DMALHC TS DDA N ZALTR TP TCTCEDEZRET S

* DMIFO S5 —1REB THESBWOTMETE UTR A 51T
- METZARICEENRE DHONIEDM (Dinvisible’RATH) DIEEWNWZ S

* THADrecoill N WEARY R ZEFHDITZ2EDHEL THS...
ISR-jetH = WCHAM TP IS LICEZRT

* recoilld "MAATHELWL, 1j, v, W, Z,t, b, h, tt, bb...
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nature g+, )

o 4
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SUSYHER & DMIER

* EARMIC TSUSYERZE) (FLSPLIA Dsparticle (Bl : R A —7) BIRFP TEKRT S EZEELT,
LSPICR B2 "X v vy F=Am & TEMS) ZsignatureD¥LDPRE UTER B myp, ) .

* TDM#EFE) [dcascade decaylclE e 59, £ - EEEMICLSP=DMZ{E% 7Ot X% —HfZMIC
EZES5ETDB. EEUVZFOXETIFANRY MNMIFEROHFENRZABZWDT, AT aErd

Hideyuki Oide 2019-07-05 11



—F 1 contact interaction

Explicitly violating
UV-completion

* a la Fermi interaction
— effective theory valid up to the unknown suppression scale A.

* The most model-independent approach.

Hideyuki Oide 2019-07-05
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—xample list of Lorentz structures e

Name Initial state Type Coupling

m

Mty (a
o qaq scalar e ' (Gq)
|
C5 gg scalar e (X' x) ag(GL)?
mq _ _
D1 qaq scalar e ) (qq)
| _
D5 qaq vector N ' 0 (Gr.9)
|
D8 qq siftvector  — Fr'r’x) @r.r’q)
L
D9 qaq tensor 2 (xo"“x) (go,,9)
1 = a
D11 gg scalar e () ag(GL)*

Hideyuki Oide 2019-07-05 13


https://arxiv.org/abs/1307.2253

Monojet Imit for EF T Lorentz structures (Run)

Hideyuki Oide

2019-07-05

arXiv:1502.01518

ATLAS 90% CL B DAMA/LIBRA, 30

o e -1 I CRESST I, 20
A D1:%@q. \s=8TeV, 20.3° 5 CoGeNT, 99% CL
D53 %y xav g C1:x'xdq E ggmg ;o
— uv .t uv , £0
¢« D11xG G+ C5:%G,,G CDMS, low mass
— - truncated, coupling = 1 — LUX 2013 90% CL

=~ - - - truncated, max coupling — Xenon100 90% CL

— CMS 8TeV D5
CMS 8TeV D11

10 10°
WIMP mass m, [GeV]

submitted 2015.5
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https://arxiv.org/abs/1502.01518

CFTOAIAY N TR ND ?

* EFT ([E90fREE (GBEFNERIT ¢, ) N A & L[O
LEEZNEZLD (TEEDODDTIEZ D
SIS TWS)

arXiv:1502.01518

ATLAS == expected limit (x10+20)
Is=8TeV, 20.3fb™
D8: %"y *x@r v°q
ET*°>500 GeV

— observed limit

— Thermal relic
— - truncated, coupling=1
- - truncated, max coupling

* EFTICIZ/ING X = 2@EU H7R0,
LHC TR L TWD A OREFFH IS axt
59 BHIHEE TRE S,

L

=
(D)
O,
=
©
©
O
w
C
S
(7))
(7))
()
p -
o
o
>
n

* —ATq, 2N EBRBDANRY NI ETAB

5., ZTDKDBANY N ZHEERU 1B 5 107 10°
X . R WIMP mass m, [GeV]
ICITERD HUTRNIFEFTIZRE B/ TIEH
5h, BIRILF—DARY N ZZHYE EFT Cintegrate-out &7\,
BBo>TELL... HEFRDODRFNLBEREZRE LR
- SYD [= ==~~~ f~
* BEHD g 2 A ERDESBARY N TH, L & sensible’SiGIC iR 5780 |

SEANEBRRTEDLDBETILAIZL W,
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https://arxiv.org/abs/1502.01518

CETOORIADNWN T AR WD ?

* COYUZIwRhELH-S EEEXKWNLGDMY S
A ICREBEICBRIRTE VLD THEULES

FHE,

* A WD REL R XITEBELI RIS
NISEFTIZIBREBBMICTE 3.
— Coupling g g, Z# KRE <HNNIERE L

* LHhWUPhegEs:1=9 T4 %1E
IDT, ERERENDS.

* KZU A IFE VU mediatorOFEZE T~

59 =% Erelic

B9 5h, HEDE

abundancez 3389 % Dldtricky.

Hideyuki Oide 2019-07-05

arXiv:1502.01518

ATLAS == expected limit (x10+20)
Is=8TeV, 20.3fb™
D8: %"y *x@r v°q
ET*°>500 GeV

= observed limit
—— Thermal relic
— - truncated, coupling=1
- - truncated, max coupling

=
(D)
O,
=
©
©
O
w
C
S
(7))
(7))
()
p -
o
o
>
n

102 10°
WIMP mass m, [GeV]

EFT CTintegrate-out =7 L),

HMEEFRDEFRIGHBEZEEL
Lh&sensible’RiGIC/a 5Ly |
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https://arxiv.org/abs/1502.01518

Let a mediator be. ..

v homage fo y =
g " e v
N AR
N , Z
’ € g
LN S '< -----------------------------
\"\'l\‘, “I \ 1 ( p )( )
N\ Vector@5 1 EFTO — (yy" v) (qY,9
\ 2 8
VA e ;
q \% B4 Vector’ss : EFTD F ( )?}/ﬂ}/S )() (g}//ﬂ/SQ)

* Suppression scaleD {1 D (C{AIH mediator ZIEICANTH DD

* & D3#HZ9 DM (L Dirac fermion 72& UTHELLDE (MajoranaTHHAET D EHSIEWNDTE)
* BE, mediatorDIEISMHER/NRICE S (minimal width assumption)

* B WIKS X —4 TiEHi|Cevent generatorzENd - X w KHGEPT L)

* FEMEE U TiEbottom-up. CNBEEBEIFEFRHIIC TOOTH>TIELWE, (CinspirecNTWB DT Tl
<, kR 7ZDM-pheno modelsicx U CHBROBHAENGZEIRNLELBELISICESNTWNS,

* —B, EFTICN U TR/NRDILRZ U TWESKDICRZS...
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| \Vono-X family

mono-j

Events / 50 GeV

=
2]
S
©
o

Hideyuki Oide

FATEN AN i

ATLAS

{s=13TeV, 36.1 fb™
Signal Region )
p,(i1)>250 GeV, ET"**>250 GeV

800

2019-07-05

EXOT-2016-27

¢ Data 2015+2016
444 Standard Model
I Z(— vv) + jets
B W(— ) +jets
Z(— Il) + jets
I i -+ single top
I Diboson
m(, %) = (500, 495) GeV
(M, Me)= (400, 1000) GeV
ADD, n=4, M,=6400 GeV

1000 1200 1400
Leading jet P, [GeV]

Events / 75 GeV

mono-y

EXOT-2016-32

data
Z(—vv)y
W(— v)y
Il Fake Photons
Y + jets
. (- )y
-=-=-m/m

ATLAS
Vs=13 TeV, 36.1 fb”'

Signal Region

=10/700 GeV

med

160 180 200 220 240 260 280 300 320 340 360
ETsS [GeV]

Events / GeV

Mono-Vhad

ATLAS ——

Vs=13TeV,36.1fb" [

SR: merged topology %

0 leptons, 0 b-tags, HP [
my, = 90 GeV N\

miss
ET

Mono-Ziep

o

ys

EXOT-2016-23

Data

Z+jets

Wijets

tt + single top

Diboson

Multijet

Background Uncertainty
Pre-fit Background

- Dark Higgs Model

m, =90 GeV, m =5 GeV

. Dadrk Fermion Model

m, =180 GeV
my’ = 45 GeV

800

1000 1200_ 1400
ET* [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-27/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-32/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-23/

| MONO-jet

miss
ET

* “mono-jet”E WS ZRINDWVWTWVWEH Njet 21HFFRSNTWD,

Events / GeV

=
w
-~
8
)
()]

ATLAS-EXOT-2016-27 CMS-EXO-16-048
35.9 fb'' (13 TeV)

ATLAS ® Data 2015+2016

/s =13 TeV. 36.1 fb" 7444« Standard Model
s= eV, 36. B Z(— vv) +jets
Signal Region _ B W(— v) +jets
p,(i1)>250 GeV, EI"*°>250 GeV Z(— ) +jets

B it + single top
I Diboson

multijets + ncb

m(, %)°) = (500, 495) GeV

(m_,» M, )= (400, 1000) GeV

ADD, n=4, MD:6400 GeV

-y
(@]
[e)]

CMS —— Data
H(125) — inv.
= = =« Axial-vector, m = 2.0 TeV
B zovv)+ets
[ wiv)+ets
I wwwzizz
- Top quark
] ziv(), y+jets

—i
o
[¢)]

monojet

Events / GeV
Q

500 600 700 800 900 1000 1100 1200
E™S [GeV]

e,
@
S

a

=
o

g
©

o

o
o
S

o
©
g
©

=]

800 1000 1200 1400

* Dominant bkgs: Z(vv) + jets, W(¢v) + jets, tf, dibosons prT"iSS [GeV]

* ATLAS Signal selection

* CMS Signal selection

* Egﬂss trigger; offline E;niss > 250 GeV * Egﬁss trigger; offline E;“iss > 250 GeV
* Leading jet: pr > 250 GeV & || <24 * Leading jet: pr > 100 GeV & || < 2.5
% Accepting up to 4 jets: * Lepton veto

pr>30 GeV & || <2.8; Ag(P™s, j) > 0.4

* Lepton veto

Hideyuki Oide

2019-07-05

* Veto “mono-V” events (R = 0.8 jet pp > 250 GeV;
2-prong substructure; m; ~ my,,)

19


http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-048/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-27/

>
©
O)
Te}
N~
~
2
c
[
>
I}

Data/Bkg

ATLAS-EXOT-2016-32

data
Z(—>vv)y
W(— Iv)y

I Fake Photons
Y + jets

. (- )y

-=-=- m/m

]

ATLAS
Vs=13 TeV, 36.1 fb™

Signal Region

=10/700 GeV

med

160 180 200 220 240 260 280 300 320 340 360
ETs [GeV]

* Dominant bkgs: Z@wv)y, W(¢v)y, fake-y

* ATLAS Signal selection

* Photon trigger; Good-quality leading photon:
E% > 150 GeV, |n"| < 2.37

* Offline EM™ss/\/SE. > 8.5 GeV'?;, A¢p(p' ™5, y) > 0.4
T T T

* Accepting up to 1 jets: p;r > 30 GeV & || < 4.5

* Lepton veto

Hideyuki Oide 2019-07-05

Events / GeV

e,
o
fust

o

~

s
©

(@)

CMS
horizontal

* CMS Signal selection

* Lepton veto

CMS-EXO-16-053

35.9fb™ (13 TeV)

-+ Data
= Pre-fit
== Bkgd. fit

[ ]Z—=vv+y

[ JW—=lv+y

[ ]Electron fakes
I Hadron fakes
[ ]Other SM
[_1Noncollision

* Photon trigger; Good-quality leading photon:
E% > 175 GeV, |[n"| < 1.44

* Offline E"™ > 170 GeV; EL/Ef™ < 1.4; A¢(P'F*™,y) > 0.4

* Veto min A¢(p™, j) < 0.5, Ag(P'™s,y) > 0.5
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-32/
https://arxiv.org/abs/1810.00196

|8Wmﬂmedrnodek“§5%

8
N

&

q Ry

= sl

d Therma

2
Q h2 ~

—_—> mZ/

— WER/NSET W

* JBE mediator width [XLEBRITEWERTE © Ty/my, $0.3

* HEEER (g,.5) ZEEI NIE, SUSY-likeZimass—mass TU I v kH'5]1F 5.

*x EFTICBESELZIINIEL, A~myl, /2.8,

Hideyuki Oide 2019-07-05
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|T§H - mono-j (ATLAS, 36 fb)

EXOT-2016-27

ATLAS Expected limit + 2 o,

Vs =13 TeV, 36.1 fb” m=== Expected limit (= 104,,)
PDF, scale
Axial-Vector Mediator theory )

Dirac Fermion DM Perturbativity Limit

ATLAS Expected limit + 2 Oexp
Vs=13TeV, 36.1 fo™'
Vector Mediator

£-__ Expected limit (= 1oexp)

PDF, scale)
theory

Dirac Fermion DM — Observed limit (= 1o
9,= 0.25, g, = 1.0 9,= 0.25, g, = 1.0 Relic Density (MadDM)

95% CL limits ATLAS Vs =13 TeV, 3.2 o™

95% CL limits Relic.Defsitya(MadDM)

Vector mediator Axial vector mediator
Dirac Fermion DM Dirac Fermion DM
g, =025, g, =10 g, =025, g, =10

Hideyuki Oide 2019-07-05 22


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-27/

Bl

EEERER S O THE,

ATLAS Expected limit+ 2 o,

Vs=13TeV, 36.1 fb™ f=== Expected limit (= 10,,)
PDF, scale
Axial-Vector Mediator theory )

Dirac Fermion DM Perturbativity Limit

gq =0.25, gy =1.0 Relic Density (MadDM)
95% CL limits ATLAS Vs =13 TeV, 3.2 b

90% CL limits
— PICO-60
ATLAS Axial-Vector Mediator
Dirac Fermion DM
gq =0.25, gx =1.0

Vs =13 TeV, 36.1 b

Axial vector mediator EE  ERICBALKEED g,g) D

Dirac Fermion DM HAEDEDHBTERDBZY Iy b
g, =025, g, =10 AEI95%CL, HEI90% CLICEE

Hideyuki Oide 2019-07-05 23



| mono-XELER (Vector, Dirac Fermion, g, =025, g, = 1.0)

mono-j mono-y

ATLAS Expected limit + 2 Oexp
=_ El

Vs=13TeV, 36.1 b - - - - Expected limit (+ 1aexp)

Vector Mediator

ATLAS

{s=13 TeV, 36.1 fb™
Vector mediator

Dirac DM

gq=0.25, gx=1, 9=0

Dirac Fermion DM
gq =0.25, gz =1.0
95% CL limits

- PDF, scal
——— Observed limit (= 10, **°)
eory

Relic:Defsitya(MadDM)

)

¢ —— Observed 95% CL

Observed + 16,

-= Expected 95% CL
Expected + 1o

I': Relic density
600 800 1000 1200
Mg [GeV]

m, S 1.2 TeV, m, S 480 GeV

m, S 1.5 TeV, m, < 550 GeV

MOoNO-Vhad mono-2(£¢)

ATLAS — QObserved 95% CL

_ i Expected 95% CL
V/s=13TeV, 36.1fb (+10 and +20)
Relic density

ATLAS Expected limit (+10)
Vs=13TeV, 36.1 fb™ = Observéd limit

Vector, Dirac, gq =0.25, gy =1.0 Relic density
ee+uu )

Mono-W/Z(qq): Vector, Dirac
gsm =0.25, gpm =1.0

800 1000 1200 1400

mz’ [GeV]

100 200 300 400 500 600 700 800 900

m..q [GeV]
my, S 650 GeV,m, S 240 GeV my, < 550 GeV,m, < 180 GeV

Hideyuki Oide 2019-07-05
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Varant #1: scalar colored meaiator

8
<0 4

o e
e AN

Iq

q oy

th homage fo-- e

Hideyuki Oide 2019-07-05

off-shell

/

" Thermal BRSNS
Q. h* ~ 0N

Ee

ATLAS
Vs=13TeV, 36.1 fb”
95% CL limits

Coloured scalar mediator

g=1

1000

Expected limit = 2 o,

- — 1 Expected limit (+ 1 0,,)

L PDF,scale:
—— Observed limit (+ 1 Oneory

—— Relic density (MadDM)

2000 2500
m, [GeV]

EXOT-2016-27
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-27/

Caveats, caveats, caveats. . .

* Vector mediator simpl. model D7 —2X : H UL V, D u, & d, NDEEHERN

X, mono-W processidA=H V7T« ZE2 (WODHtREE D DKL & BEfR)
= gl =l ZEFEIT DD, HDWVERIOIZY )T+« ZDiET DEHEADE.

* Axial vector mediator Di5& & mediator DR & decouple LAE WD T,
heavy-flavor quark & mediatorD#EE D IEBEIRIICED ZTULE S.

* Mediator mass W7 —I W FREZ T > TV % — mediator D71z ® baryonic %
b v 7 Xtk (dark Higgs) ZR)ICAELTZ R WE UV-complete 7335w e& LT
B DLz, - ZOXART VBC +° type-1l 2HDM H3EI5,

Hideyuki Oide 2019-07-05

[pb/GeV]

do—/dET miss

[pb/GeV]

da—/dET miss

1603.01267

pp-oW (W +2Z' (- xx)

200 400 600 800
ET miss [GGV]

pp — jets + Z' (= xXx)

400 600 800
ET miss [GCV]
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https://arxiv.org/abs/1603.01267

Simpl. model variant #2: VBC, type-Il 2ZHDM

“non-resonant” CMS-EXO-18-011
Baryonic charged Z’

CMS Simulation Preliminary CMS Simulation Preliminary

o

(V)

o1
o
w

mz =600 GeV, m, =300 GeV
m, = 1200 GeV, m, = 300 GeV
5 m,, = 2000 GeV, m, = 300 GeV
m,=500 GeV,m =1 GeV my = 600 GeV, m, =400 GeV
m, = 1200 GeV, m, = 500 GeV

m,=100 GeV,m =1 GeV
m;=10 GeV,m =1 GeV —— My =2000 GeV, m, = 600 GeV
Z'-2HDM, Dirac DM

g,=0.8, gy=1, m, =100 GeV, tanf=1.0
M=, .=m,,

m,=1000 GeV,m =500 GeV
m,=1000 GeV,m =100 GeV
m,=1000 GeV,m =1 GeV

Arbitrary units

o
(S

Arbitrary units

Baryonic Z'
gq:0.25, 97:1, m7:1 GeV

1000 1200

— ol == ~ O S

800

0

0 100 200 300 400 500 600 - 700 C 400 600
p?'ss [GeV] p_’:'ss [GeV]

;esgnaDTvtl * VBC: Simpl. model CHAZN z DEEICOWTEEESHD
- baryonic higgs hy D\ U(1), Z BFEIICIED, HMDSM higgs& B2 5.

* Blic K SBEEIR U, ICDWTHAR U 7= type-1l 2HDM
ICHIBOHAD Z ENTE S(Z’-2HDM).

* VBC & DIE W Eresonanth & S H,
* SM higgs &mixingZ#2 Z 9 B]geMEH 8% % —» mono-h signature

* 5 X THALEISRTIEHIggs emission(FERF TE R,
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MOoNO-N

ATLAS-EXOT-2016-25 CMS-EXO-18-011

— 1
—e— Data

ATLAS (5-13TeV, 361" Non-resonant

SR (Resolved) : 0 lepton

[ SM Vh

350 GeV < ET"*° <500 GeV

[ Diboson

[ tt + single top

[ Z+jets

[ WHjets

NN Background Uncertainty
Pre-fit Background

w1 N+ Emlss Z'-2HDM
mZ =14 TeV, m =0.6TeV

35.9 fb" (13 TeV)

I I I | I I I
CMS Preliminary
Baryonic Z', Dirac DM

gq=0.25, gx=1,mx=1 GeV

I B B B

= combination

B combinations 1o
combination+2c
h(Zz)

Events / 10 GeV

Solid (dashed) lines: observed (expected) 95% CL limits

: ;‘\\6\\N«k\\\\\i\i\t\}\\‘\\*\\*\j\\i\\*\\?ﬁk*i\\*\\\#\#\\g

50 500 550

m; [GeV]

N
N

L L L L

— Observed limit

==: Expected limit +1o
Vs=13TeV, 3.2 10"

T | T T

ATLAS

Vs=13TeV, 36.1 fb

(bb) + ET ™SS all limits at 95% CL
" oHDM '

tanf=1,9,=0.8,m =100 GeV

m, = m_. = 300 GeV

Nj

N\
&
(9\

* ATLAS: mono-h(bb)®D &

2500
m,. [GeV]

7 e I I I I ‘
500 1000 1500 2000

* CMS: k4 7Hh-decayz E T\ 3.
Resonant/non-resonantic 1 F kR,

2019-07-05

Hideyuki Oide


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-25/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-18-011/index.html

| Simpl. model variant #3: |

ggF mono-j Q’g
J @ﬁoﬂ X
Ul L
.......... ¢
HIA "~
N AR
8
BIES
" (vy) (Gq) extis
Scalar@s  EFT) —— XTIty
2 AN XX) \4q

* mono-jet DH/E 579 tt/bb+MET £
=D sighature & LTHE.

* Final state/Z (7 R % & stop/sbottom

search & [/ UsignaturelC/i 5.

Hideyuki Oide 2019-07-05

Pseudo)-scalar mediators

tt associated

EXOT-2017-32

ATLAS
's=13TeV, 36.1 fb™

Observed

All limits at 95% CL = == Expected

'S +bb OL [EPJC 78 (2018) 18
Scalar ¢, ¢ =y ¥ [ (2018) 18]

'S+t OL [EPJC 78 (2018) 18]

20 30 4050 100 200 300
m, [GeV]
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ENVD LB LBAEICIT<

* HEbE DMAMENEZINERV, EVWSEENS XY —KNUTEFTZ Y > TUW\.

-
—

* EFTTIXEWVWEFENEND T, mediatorz BEAT S THREZ#DEL LS & UL,

* EEWICIEPTSEIE (mono-X) IRULTZEDLSEW...EBbhi.

* LHL, BEBEDEOHICEALEIZTD simpl.model IC&H1F5 mediator ® TEEK) %
Ho& THRlC, ZXBANEMNRENE.

* DMEXREE->TH, FHEDM-SMIEEEHZRE DTS NBhE S L1
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| CnEBoTRNTLES, EWSTEiih?

(gg
Q‘Q
N
N
R
gq N_2TN_1TN_1TN_2 gq

/
m(Z") Z VIA

q q

* DMIREMNSHFEUIZITE, H 52 ZICIEIDMIFEEES L AL

m(y) q
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Resonance strikes back

q q

ATLAS

EXPERIMENT
Run: 305777
Event: 4144227629
2016-08-08 08:51:15 CEST
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Resonance strikes back

]
ATLAS Preliminary
Vs=13 TeV, 139 fb”
o Data
— Background fit
_ BumpHunter interval
- g, m.= =4.0TeV
q’, m =5.0TeV

LN U LA B B
ATLAS
(s=13 TeV, 37.0 b
e Data

Background fit

— BumpHunter interval
- q, m .=4.0TeV
- q, m .=5.0TeV

Events / Bin

*

aq,
p-value = 0.63

Fit Range: 1.1 - 8.2 TeV
ly*l <0.6

A NN EE NSRRI
A

g*, ox0.1
p-value = 0.8
F
ly

—e

it Range: 1.1 - 8.1 TeV
*1<0.6

—
e

\\l\\l\\\\‘ HHHH‘ \HHHT‘_WWW‘ HHHH‘ HHHH‘ HHHH‘ TTTTI

| HHH‘ L1 \‘

<

Significance

E P AR WA FUTTTTTTTY FRTTTTITT ITTTTTN AT

. :— JES Uncertainty

NN O N

Data-MC
| MC

|

Significance _

2

¢ Data

Vs=13TeV, 361 fb” PN

. . [ Top Quarks
Dielectron Search Selection [ Diboson

[ Multi-Jet & W+Jets
—Z, (3 TeV)
—Z, (4 TeV)
—Z, (5TeV)

ATLAS
Vs =13 TeV, 139 fb™

Eve:nts /10 GeV

Data
Background-only fit

- - Generic signal at 1.34 TeV, I'/m = 0%
Generic signal at 2 TeV, I'/m = 0%

-+ Generic signal at 3 TeV, I'/m = 0%

_LLLI.IJ] IIIIIIlI] IIIIIIlI] IIIIIIlI] IIIIIILL| IIIIIIlI] |1

—|'|'|'|'ﬂ] IIIIIIﬂ] IIIIIIﬂ] IIIIIIﬂ] IIIIIIﬂ] [ TTI

—_

ATLAS

EXPERIMENT

Data / Bkg

B ,Iﬁ,+ﬁ1jﬁ NI

Run: 305777
Event: 4144227629 il : 3
2016-08-08 08:51: 1{EEN sty s 310 10 2x10°  3x10

Dielectron Invariant Mass [GeV]

- OO0

R
g iy it ++++++++ e

(post-fit)

0O == Of o
DOVD D0 LN

i |||'|||I H

Data / Bkg
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[ngger-level Analysis

EXOT-2017-32

I I LI | LU L L L
I I I I "

N ATLAS \Ig =13 TeV, 3.6-37.0 fb_I y 95% CL upper limits

Observed

| I/m,=0.15
— - == Expected

| T'/m >=0.1

I/m,=0.07 Dijet 8 TeV

20.3fb""
Phys. Rev. D 91, 052007 (2015)

Boosted dijet + ISR

- . ¢ 36.110"
(Prellmlnary) arXiv: 1801.08769

Resolved dijet + ISR (y)

Preliminary, 15.5 fb™"
ATLAS-CONF-2016-070

Resolved dijet + ISR (j)

Preliminary, 15.5 fb™"
ATLAS-CONF-2016-070

Dibjet
24.3&36.11f"
Phys. Rev. D 98 (2018) 032016

Dijet TLA

3.68&29.7fb"
Phys. Rev. Lett. 121 (2018) 081801

tt resonances
36.11fb

. . Eur. Phys. J. C 78 (2018) 565
Axial vector mediator

Dijet
0.05 Dirac DM —ust
O 04 m, = 10 TeV, gX =1.0 Phys. Rev. D 96, 052004 (2017)

Dijet angular
0.03

37.0fb"
] T BN A N NN E ERRRRRTET [TTTTTTIT T Phys. Rev. D 96, 052004 (2017)

I !
100 200 1000 2000 _
m,. [GeV

* TLA: much higher event throughput than than the standard HLT at the
discarding the detail of the event information.
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HIS(E 13

B—#& 1S

HEHED
mono-X"Co
DMIEFR
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dijet resonance

Vector, Leptophobic® % —X

EXOT-2017-32

== Dijet
Dijet Ys =13 TeV, 37.0 fb”"
PRD 96, 052004 (2017)
Dijet TLAYs = 13 TeV, 29.3 fb™
PRL 121 (2018) 0818016
Dijet + ISRY¥s =13 TeV, 15.5b™’
Preliminary ATLAS-CONF-2016-070

= tt resonance

Ys =13 TeV, 36.1 fb™
EPJC 78 (2018) 565

B Dibjet
Vs =13 TeV, 36.1 fb™
PRD 98 (2018) 032016

miss
Er+X
ET*+y ¥s=13TeV, 36.1 b
Eur. Phys. J. C 77 (2017) 393
ET*+jet ¥5 = 13 TeV, 36.1 fb”
JHEP 1801 (2018) 126
ET*°+Z(I) Y5 = 13 TeV, 36.1 fb”
PLB 776 (2017) 318
ET°+V(had) ¥§ = 13 TeV, 36.1 fb”
JHEP 10 (2018) 180



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-32/

| zLTcnb..

* 7/ NX')—%][o

Hideyuki Oide
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EXOT-2017-32

— Dilepton

Vs =13 TeV, 36.1 fb™
JHEP 10 (2017) 182

== Dijet
Dijet ¥s = 13 TeV, 37.0 fb™
PRD 96, 052004 (2017)

Dijet TLAYs =13 TeV, 29.3 fb™
PRL 121 (2018) 0818016

miss
E;+X
ET*+y ¥s =13 TeV, 36.1 fb”

Eur. Phys. J. C 77 (2017) 393

ET+jet V5 = 13 TeV, 36.1 fb!

JHEP 1801 (2018) 126

HEHED
mono-X"C¢0D
DM¥EF

Vector mediator, Dirac DM
g,= 0.1, g = 0.01, g = 1
All limits at 95% CL

P T B T TR
2.5

III|III|III|III|III|III|II\|III

,III|III|III|III|III|III|III|

o
o
o

m;. [TeV]

|
Vector, Leptophilicd® 7 —X

dilepton resonance (g,=0.1,¢,=001, g, =10)
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Bl

BERERE D

EXOT-2017-32

Spin Independent (SI) Spin Dndependent (SD)

B Dijet

Dijet fs = 13 TeV, 37.0 fo™!
PRD 96, 052004 (2017)

Dijet TLA fs = 13 TeV, 29.3 fb™'
PRL 121 (2018) 0818016

Dijet + ISR s = 13 TeV, 15.5 b

ATLAS-CONF-2016-070 (Preliminary)

—tt resonance
¥s=13TeV, 36.1 fo!
EPJC 78 (2018) 565

B Dibjet
¥s=13TeV, 36.1 fo!
PRD 98 (2018) 032016

1 TTET4X

Er+y fs =13 TeV, 36.1 fb!

Eur. Phys. J. C 77 (2017) 393

ET*+jet ¥s = 13 TeV, 36.1 fbo
JHEP 1801 (2018) 126

= Dilepton

fs =13 TeV, 36.1 fb”'
JHEP 10 (2017) 182

= Dijet
Dijet ¥s = 13 TeV, 37.0 fb™

PRD 96, 052004 (2017)
Dijet TLA VS = 13 TeV, 29.3 fb™!

PRL 121 (2018) 0818016
— —Mmiss

Er T +X

ET*+y Vs =13 TeV, 36.1 fb”!

Eur. Phys. J. C 77 (2017) 393

E7**+jet ¥s = 13 TeV, 36.1 fb

JHEP 1801 (2018) 126
PICO-60 C,F,

PRL 118, 251301 (2017)

ET**+Z(ll) fs = 13 TeV, 36.1 fb’
PLB 776 (2017) 318

ET**+V(had) fs = 13 TeV, 36.1 fb™!
JHEP 10 (2018) 180

— CRESST I

arXiv:1904.00498

XENON1IT

Vector mediator, Dirac DM F:UZ; 1;(302 e
= Fanda.

9,= 0.25, 9= o, g = 1 PRL 117, 121303 (2016)

ATLAS limits at 95% CL, direct detection limits at 90% CL — DarkSide-50

PRL 121, 081307 (2018)

3 LUX
1 O PRL 118, 021303 (2017)
m [GeV]

Dilepton

Axial-vector mediator, Dirac DM
9,= 0.1, g = 0.1, g, = 1
ATLAS limits at 95% CL, direct detection limits at 90% CL

* LHCOREIZSI/SDT TE1FE) THhoAuw,
* FICDDE IR T B ESDTIFTEE ICTRAN D .

* DDODO#ER I model-independentZDICXT LT, LHCO IR TDIGIE
simpl.model DEFED/INTX—FZIBELEZE TDOH BRI
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SE T EOEEZED 2

* S X T WIMP miracle IC5]| 29 5N TE#ZMNA DM-SM interaction Z& X T 7chy,
HEUMNUTWIMPTIEZEWD DS L17g Ly,

* | 2 [£ FIMP (Feebly-Interacting Massive Particle) [CED < freeze-in [ex.:1706.07442].

* BHAIC DM DMEETH > T@EFED WIMP &3, FERREETIEE O DM abundanceh 5
AT—KT 3,

* {AH SM EHEE T D DM OFRNLF “Y ZREL, INIFHHEPARET SM EFEICR>TWS
E93D. YIEDMy EDEICEDLHTHINGIES BIZIE yYXouy) DHD,
FAE Y - X +y ZBUTDM DD UIT DIESNTEE > TV,
DM (& SM & D3 WE TIFEAVEEICE SR,

* Qh* =012 ICEUVKRT Y DB LT DM 4 H%5%5.

* CDigE DM-SM #HFEMIEFICTEL, DD (BERE) TIEEFITRONDRIAHDEZVLD,
HRIF Y IESMEFEET SD T LHC TIIMESN A OTEEEDLH 5.

* Feeble coupling Dfe®»I(C ¥ DFMmIFRVLHID UL - REMATFDAEEME
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IV

P and Freeze-in
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L P Search Classes

heavy charged ,
Stable heavy particle ]

charged particle \ ID Displaced -
\ Vertex + X .

Monopole/HIP

Disappearing

track ~~ i ]
merging jets

A

T

Displaced leptons

\\\\\\\\\\\\\\\\\\\\\\Muun
Uiy

=

! E
. >
—

-

Non-prompt
photons/jets

N\

Dilepton displaced
% pron disp

//////// vertex
S m el
y 4 '///’//////////////////////////m\\\\\\\\\\a
particles
(Calo-ratio) - Lept 2
: placed
on vertex in M5
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Trend

Hideyuki Oide

2019-07-05

O —F———— ¥
2013 2014 2015 2016 2017 2018 2019

arXivixtiasg =D > 5HE(C "long lived,
LHC” Z &L HE#HD "Higgs” =& 58
X9 DHDFERMER, 7EHEHT,300—
1,600 4/F1EETH 5.

—
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Complementarity

P t >0
S{gr?;?ures Xl
{ S TNt ol ;t (charged) LLP detection y 4
) /
/

I | | lIIIIII | | lIIIIII | | lIIIlII | IIIIII]| IIIIIIIII | | IIlIIII | | lIIIIll | | IIIIII| / /
10° 10° 10* 10° 102 10" ,

IIllIII | IIIIlII| | IIlIIlI| | | IIllII| 1 | IIIIIII 1 IlIlIlll 1L uuy /

10° 10* 10° 102 10! 1 7/
\ /

Almost agnostic of ——
the decay property

Reconstruct properties

Requires min. #hits  __ of the decay product system

Needs longer lifetime

Only sensitive to —
charged LLP

Agnostic of the LLP property (e.g. charge)
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| | SUSY-2016-06, arXiv:1712.02118
| Dlsappearmg track IHEP 06 (2018) 022

* Degenerate chargino—neutralino mass splitting

(AMSB, pure higgsino). = Chargino as LLP. ~n o~ ~

P g9 g BO, H()’ Hj:

* Motivated for very short lifetime of O(0.1ns)
— pixel-only tracking “tracklet”.

Large gap

* Decay pion is extremely challenging to reconstruct and practically
invisible. = the disappearing track signature (a well-isolated tracklet).

* For EW production, requiring ISR for effectively boosting the system to v

WO T+

gain the decay length. pure-wino case

* Also looking at the strong production channel as the second SR.
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(-hadron search summary

~ ~0 ~0

g (R-hadron) — qq %, ; m(¥,) = 100 GeV March 2019
RPC OL 2-6 jets arxiv:1712.02332 (Ys=13 TeV, 36 fo) ATLAS Preliminary
RPC OL 2-6 jets ATLAS-CONF-2018-003 (Vs=13 TeV, 36 fb) .
Displaced vertices arXiv:1710.04901 (Ys=13 TeV, 33 fb™) ® EXpeCted
Pixel dE/dX arXiv:1808.04095 (Ys=13 TeV, 36.1 fb”) -o—- Observed
Stable charged arxiv:1902.01636 (Ys=13 TeV, 31.6 b™) 95% CL limits
Stopped gluino arXiv:1310.6584 (Ys=7,8 TeV, 5.0,23 fb™)

, T Stable
DV+MET i ¢

O-lepton
2-6 jets

w
o
o
o

~

Lower limit on m(g) [GeV]

500 5 S
102 107 1 110! ! 10
(r for n=0, By=1) Beampipe inner Detector: Calo MS

10° 102 10" 1 10

Calo
MS

Trackl

Prompt
Signatures

Direct (charged) LLP detection

Indirect LLP decay detection

I | llllllll 1 lIllllll | lllllll] L llllllll L lIIlIIII 1 lIIIIII| ! lII_I_LLll | llllllll
10° 10° 10* 10° 10% 10" 1 10 10% cv[m]

llIIIII 1 IIlIIlI| 1 lIIIIII| | llllllll 1 IIIllIlI 1 llllllll 1 lIIIllII ! llIIlIlI Ll

10° 10* 10° 102 108 1 10 10°  t[ns]

* Each analysis has advantages in different lifetime ranges.

* A very good complementarity over wide lifetime range.
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VP case (Leptonic)

Belanger et al. JHEP 1902, 186 (2019

my=12keV, Tr =50GeV
m,=12keV, Tp =100GeV
m,=12keV, Tp =160GeV
ms=12keV, Tp =10GeV
my=1 MeV, Tp =101'GeV
ms=10 MeV, Ty =10'GeV
HSCP

DT

DLS

Hideyuki Oide 2019-07-05



~INVIP case (Hadronic)

Hideyuki Oide

Belanger et al. JHEP 1902, 186 (2019

my,=12keV, Tr =160GeV
ms=12keV, T, =101°GeV
my=1 MeV, T =10GeV
ms=10 MeV, Tr =101"GeV
DV@13TeV

HSCP

S [ T S S [ S S S N S ST S S S SR

2019-07-05

800

1000 1200 1400 1600 1800 2000




Leptonic LLP decays: displaced lepton-jets

® A light (MeV—GeV) dark photon mixing with SM
photon decays to lepton pairs or to light mesons.

® Collimated flow of displaced particles including
leptons: displaced lepton-jets (dL)).

® Benchmark: higgs portal, decaying to dark fermion
pairs producing dark photons.
® Casel: fa2 — fda1 + yp, (yp — dL)): up to 2p / dLJ
® Case2: fda2 — sd1 + fd1, Sd1 = Yo Yo (yp — dLJ)): up to 4p / dLJ

® Multiple dLJ types:
® TypeO: muonic (clean =2 collimated muons)
® Typel: mixture (collimated muons + 1 jet)

® Type2: ajet w/o muons, but CaloRatio required.

® Dedicated trigger objects for dLJs

® 2015 result: muon “narrow scan” trigger: the dedicated HLT
for single-dL) trigger. A 20 GeV L1 muon is confirmed as MS-
only at HLT; then ask for the existence of the 2nd MS-only
muon of 6—15 GeV in AR < 0.5 around the primary muon.

Hideyuki Oide 2019-07-05

ATLAS-CONF-2016-042
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ATLAS-CONF-2016-042

| Leptonic LLP decays: displaced lepton-jets

ot
(%))
1

® Requiring 2 LJs in the event.

FRVZ, m, =125 GeV, 2y,
—«— Di-jels data
—=— Emply dala bunches
—4&— Z — np - dala
—— Z > pu-MC

o
-
N

ATLAS Preliminary

3.4fb" {s=13 TeV

o
»
o
o

® 5 |J-type combinations used:
(TO, TO), (TO, T1), (TO, T2),
(T1, T1), (T1, T2).

ATLAS Preliminary FRVZ, m =125 GeV, 2y,

o

)
o
o
®

Empty data bunches

Fraction of entries / 0.4 GeV
fraction of events / 62.8 mrad

341" {s=13TeV

—e— Di-jets data

o
o
>

® Major backgrounds: cosmic showers
and QCD di- and multi-jets.

® No excess observed in 2015
results: upper limit to oxBR for
h—2yp + X and H—4yp + X for
mu = 125 and 800 GeV.

ATLAS Preliminary
341" (s=13TeV FRVZ 2y model
m, = 125 GeV m{ =400 MeV

ATLAS Preliminary

-1
3417, Vs=13TeV FRVZ 4y model
m, =125 GeV m, =400 MeV

y +X) [pb]

—d
o
™

® Comparable sensitivity to the
8 TeV 20 fb-1 result, despite
~15% of [Ldt, thanks to
improvements in trigger and

H—> 4

BR(H— 2y_+X) = 100% BR(H— 4y +X) = 100%

-
o

10

95% CL Limit on oxBR(H— 2y +X) [pb]

T
m
X
©
c
S}
E
3
1
O
32
i)
o

reconstruction efficiency of
collinear muons. o0 o0

i 10 10°
Dark photon ct [mm] Dark photon ct [mm]
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Dark photon in Zh decay

% CMS-EXO-19-007
Process Yields 137.4 fb™ (13 TeV)
Data 14 -®- Data Z(II)H125(YD+~/) (0.1x GSM)+ bkg.
}/d Nonresonant bkg. 24+1.1 jvzz ;;ﬂzﬁj"n":"[’ﬂ)(O'1XGS“”)+ -
q R Wz 8.1+ 2.0 =N CMS
h R 77 15+ 0.3 1 Preliminary
4 ) ) Top-quark/WW 'l <1
¢ Zy 0.7 407 " 1
. Other bkg. 0.6 £0.3
Z ; Y Total bkg. 13.3 + 3.8
q ZHip5 (BR=10%)  17.9 + 1.2 (1.42 £ 0.09 %)
ZH00 (BR=10%)  12.3 + 0.8 (4.32 + 0.28 %)
y ZHz00 (BR=10%) 3.9 + 0.2 (6.80 + 0.34 %)
* Dark photon: additional U(1) to SM, a natural portal to dark sectors. 137.4 16" (13 TeV)
SM phOtOh & kinetic mixi ng ZRe 9. ® Data Z(DH (15 +1) (0.1 0, )+ bg.
Y4 — Z(”)Hzoo(YD+Y) (0.1x CFSM)+ bkg.
. . . vaV Bkg. unc. C M S
* Signal selection m Preliminary

Top-quark/WW Ml >1

* Exact dileptons, p.-* > 25,20 GeV, |m,, —my| < 15 GeV
* Photon: =1 El > 25 GeV

* EMS > 110 GeV, my < 350 GeV, myp, > 100 GeV

B(h =y inv) < 4.6%, . (3.6%

obs exp)
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FED

* —OIC T4 —ICHBITEDMIER) EE->THLEW! S TREFNGRECZOEEZBEHELUIX UL
SM portal (Higgs portal), Cascading decay (SUSY-LSP),
EFT — simpl.models & many variants, Resonance searches and mediator,

Dark photons, Long-lived particles...

* UV-completion ZEH Uz SUSY Z&E5E & 925 BSM EBiF & Rl TDMEZENNIEZEVL, &WS
bottom-up/BFEE NS XY —KMUTWBERDOD—MHNHS. RUNITDEFTTOREERZ B A THERICE
] - DhDOEHBEWsignatureZE5 K 574 simpl.model 1SS, FNICEDWTRUN2ZYP>TET,

* [[I-formed’s simpl.model DEBEI TORRZEZLFETHIDVURAHAATEETILDMRERIN, FNIC
HoTEERBRUVADEAINTZXLULDY, BERATIEEREBexcessiFREDOMN > TWLWEREA.

* 5T resonance (mediator) search H5#71 T, simpl.modellcE>HBFED mono-X Z motivate L
i<W, EWSHIR (BRZAZIEHIZIOERLGD T, ERE U TORKN KON DITTIEEW) |

* Simpl.modelZ AW\ /=DD/ID & D& IFRE T D mediatorPiEAEHICIRIKEFETHEIL (GDRA) HEL
WA, B LHC TDMIEI X, low-mass¥Pspin-dependentRiFHICHDEVNWD I EH LMD D
T, LHCTOHIBRICIEIDD/IDEEDLE TP > TW —EDREKMNH D EBNET.
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* LHCTIEEE (EE) 1BRF v U RIITEENTVWRABLR->TELS X
W /T4 AUy RHEBRITOERLUTWS,

* CIEFWZ, TeVEZEEO—J TEE3VYIYVTHDIEIFFHNICIZZE DS,

* LHCICESIMT BERANDT IV Zy VBB U TLHC TIER CE 5 2 & DmABEZ Bis
L7z Ly,

*x HHEIBRE, HhSRALT, AN+ UA - Low Bkg - creativityy B3 & 5%
sweet spotzIHWELE T 35, MRMNWGERZEBAICHEBL TV ZENEETIEAEL
MEFEWET.
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] == Dijet
Dijet Ys =13 TeV, 37.0 fb”"
PRD 96, 052004 (2017)
Dijet TLAYs = 13 TeV, 29.3 fb™
PRL 121 (2018) 0818016
Dijet + ISRY¥s =13 TeV, 15.5b™’
Preliminary ATLAS-CONF-2016-070

= tt resonance

Ys =13 TeV, 36.1 fb™
EPJC 78 (2018) 565

B Dibjet
H5EHED ' Vs =13 TeV, 36.1 fb"

PRD 98 (2018) 032016
mono-XT®D
. . E_In_qiss_l_x
DM Fﬁ% L ET*4y ¥§ = 13 TeV, 36.1 fb”

Eur. Phys. J. C 77 (2017) 393
ET*+jet ¥5 = 13 TeV, 36.1 fb”
JHEP 1801 (2018) 126

ET*°+Z(I) Y5 = 13 TeV, 36.1 fb”
PLB 776 (2017) 318

ET°+V(had) ¥§ = 13 TeV, 36.1 fb”

JHEP 10 (2018) 180

| dijet resonance

Axial Vector, Leptophobic® 7 —X  (g,=0.25, g, = 1.0)
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= Dilepton

Vs =13 TeV, 36.1 fb™
JHEP 10 (2017) 182

= Dijet
Dijet ¥s = 13 TeV, 37.0 fb™
PRD 96, 052004 (2017)

Dijet TLAYs =13 TeV, 29.3 fb™
PRL 121 (2018) 0818016

EMsS4X

EM 4y ¥s =13 TeV, 36.1 b

miss
T
Eur. Phys. J. C 77 (2017) 393

:E) t :E) t 0) s _ ErT"iss+jet ¥s=13TeV, 36.1 b
JHEP 1801 (2018) 126
mono-X7T®D

DM#ESR

Dilepton Axial-vector medidtor, Dirac DM -
gq=0.1,g|=0.1, _:]X=1 i
All limits at 95% CL ]

R T N T
2 2.5 3.5

dijet resonance
! : Axial Vector, LeptophilicD 7 —X

D
| _ _ _
dilepton resonance (g, =0.1.¢,=0.1, g, = 1.0)

Hideyuki Oide 2019-07-05 58




