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A brief History of Achievements
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Top quark discovery - 1995
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A brief History of Achievements
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— 1990 Higgs discovery and its properties

Precision measurement of SM particles
— Top quark discovery - 1995

Measurements of rare B and D decays

— 2000 v« discovery - 2000 Precision measurement of CKM parameters

Discovery of exotic Pentaguark, Tetraquark,
0 + -
Q. @2 =. +K

C —C

— 2010

| Higgs boson discovery - 2012 (See Steven Blusk plenary talk on Wed, 2/8)

Understanding of charm hadronization and
nuclear effects in Pb-Pb/Pb-p collisions
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U N so LVE D *  Are there any new symmetries beyond

standard model that can also address mass
hierarchy?
Supersymmetry

many variants and kind (MSSM, NMSSM, R-parity
conserving, R-parity violating) of models

Global symmetry such as compositeness,
extra dimension

Are there any additional new particles such as vector-
like quarks, excited quarks, leptons, Higgs and gauge
bosons?

Dark matter
non-SUSY DM models, lepto-quarks, dark/hidden sectors

Baryogenesis, leptogenesis

Strong Charge Parity

T oc[ay T am going to (give ﬁigﬁ.[.i;gﬁts of some cf these cluestions at the

‘Energy ‘Frontier
O
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l I | I I | e Selected CMS SUSY Results* - SMS Interpretation ICHEP '16 - Moriond '17

Gluino

33333333

CMS Prelimi
vE: ) (Max exclusion for M, Vg = 13Tev

L=129fb"'L g

Squark

 What is required to discover new physics?

 understanding SM backgrounds

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits
Status: July 2017 [Ldt=(32-37.0)f0"!
Ly Jetst E':“' JLam] Limit
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 New heavy particles
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« VLQ, excited quarks, heavy bosons — o

dimuons, A- LLIM
electrons, A+ LLIM
dieloctrons, A- LLIM

single @, AHNCM

single . A HICM mposite

inclusive jets, A+
inclusive jets, A-
Z(10%) = » 01234567 8910111213141516171819 TeV
CMS Exotica Physics Group Summary — ICHEP, 2016

e Dark matter

Za% -

| | . O" & «
» Prospectives of discovering NP at the HL-LHC SRy, . —- —
- - pod—— 1.

s
e Zam-m T
s 13 TeV 0 0s 1 15 2 25 3 38 4 T2 g

Z0%) =~ n

12

- Observed imit 9S%CL (TeV) s
T=tH 15 600 fo Gous = WW

~ had @
T ! 400t Goa =22

T=2Z omets

BZG W= VW HVT(E)

new physics W WH HVT®)
searches with Z = VHHVI®)
heavy SM particles |EEG————" o |

T=Z cmis
B—bZ w5 250 b

T—bW cmelSs 20010

Yt OmslD 2001
0 025 08 075 1 128 18 18 2 o es 1 15 2 25 3
Observed limit 98%CL (TeV) Ooserved limit 95%CL (TeV)
*mosel ecegencent

Sadia Khalil, DPF, Fermilab, USA, Jul-Aug, 2017 4




. arge Hadron Collider

7/8/13 TeV proton—proton collisions

. 5&25fb1/exp 2011-12 @ 7 & 8 TeV
. 36 fb! (2015-2016) & 6 fb-! (2017) / exp @ 13 TeV

T WL
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Standard Model Backgrounds

* Precise measurements of SM background is essential for accurate MC simulations

Standard Model Production Cross Section Measurements Status: July 2017
r—
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Background Estimation

* Main backgrounds are mostly estimated from data

 Significant reduction in total systematic uncertainty due to detector response/simulations
arXiv: 1410.1280

ohservable 2

RSB «—— Signal Region

Validation Region . VRL

Control Region —

CRL {1

observable 1
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Background Estimation

* Main backgrounds are mostly estimated from data

 Significant reduction in total systematic uncertainty due to detector response/simulations
arXiV: 1410.1280

SN «—— Signal Region

ohservable 2

Validation Region

|

L
_ CR2
Control Region —
CRL
Example:
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Search Procedures

Look for excesses over known backgrounds

Example 1: Search for vector-like quark T2/3 by
reconstructing its mass in high St tails

ST — l(pT) + z PTjets + ETMiss

-cmMs

- Simulation

S, (GeV)
g &

tt background

llllllllllllllllllllll

g
A
g
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Search Procedures

- Divide and conquer, and leave no stone unturned
* Multi-dimensional bins considering various discriminating observables

Example 2: Search for SUSY in all-hadronic
final states

e Consider SRs categorized with respect
to Nj@tSa ijets: HT

 Each region with a certain Hyrange is
further split in terms of My

Mt, = min [max (M(l), M%Z))]
—X(1 _X(2
X0, X _ s

Great complexity of the current searches
Model-independent upper limits

= allows interpretations in other specific
NP model(s)

Sadia Khalil, DPF, Fermilab, USA, Jul-Aug, 2017
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Search Tools: Jet substructure

e Jechnigues focus on boosted final states where the whole heavy
particle decay can be captured in a single jet

e SUSY signature: moderate boost

soft,
<
n n [ n g [ \J_
Jet grooming and Wijet identification
, ATLAS-CONF-2017-020 : o
Pruning » ~ ot
stops production through gluino t
decays with no leptons
> T T T T I T T T T I T T T T I
& — ATLAS  Prgliminary e Data .
o 3000—  Vs=13TeV, 36} fb"' b SM Total —
Ny B preselection 4m7™">50 GeV [ 1
g : / I single Top :
o B -tf+V |
Wdlets QCD * 2000/ =V .
. _22[ f???{‘"ﬁ ,=]1,3T'°V ,,,,,,, A — O, L - 5! 2t Vo = 7 TeV. Pruned AKT Zujet — E ZD'bo 7
> F ; ‘ R [ ] - iboson -
8 350} EMIi § 'tt Dsmgle Top { FE:DY — Pﬂ::m::n : ::Ii:::;: :: : :::_ - — w20 X (f1x?)=(600300) GeV -]
g g B B ] gLé | ] stn. rora i — - 100 x (f,%))=(1000,1) GeV __
2 3 | X W- ely I 10 —-m.'um.m R 1000— g ]
2 250F I ] . i n I :
C | . —
200+ Z
- I =S . o i
150; | 0
: | S S ]
: B 1BE —
50} ; 1.0: : : 7 /2 A
: T A cE ' E
O 05— e —
40 50 60 70 80 90 100 110 120 130 = . 3
pruned jet mass (GeV) 0'00 100 200 300 400

Sadia Khalil, DPF, Fermilab, USA, Jul-Aug, 2017



Search Tools: Re-tracking@ATLAS

“Unconventional” signatures such as long-lived particles (LLP)

« Small medium decay lengths appears as displaced vertex (DV)

» Silicon-seeded Large-Radius Tracking (LRT) algorithm  atLas-conF-2017-026
q

Iong-lived, massive particles with DV and EMiss

c>,5 3 B I I I 1 I I I I I 1 I I I I I I I I 1 I I I I I I 1 I i
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Supersymmetry

SUSY Partners

o [sparticles] (] %04 S A T.......x._x._.(_h!g.gﬁ!rlq_!!}s@) ___________________________
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NLO + NLL, pp, s =13 TeV
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Supersymmetry
Large number of searches both at ATLAS and CMS!

ATLAS SUSY Searches* - 95% CL Lower Limits

Selected CMS SUSY Results* ICHEP '16 - Moriond '17

- SMS Interpretation

ATLAS Preliminary

Gluino

PP~35,3 —adr; ~aawy
P35, ﬂwx —~aqWy
P33, nﬂw‘»qux

May 2017 V5=7,8,13TeV
Model &Y Jets ET [ranm™) Mass limit Vi=7,8Tev [Vi=13TeV| Reference
MSUGRA/CMSSM 03e,u/1-27 2-10jets3b Yes 203 185TeV  miglmid) 1507.05525
2. §—a¥] 0 26jets  Yes 361 m(E)<200 GeV, m{1* gen. gl=m(2 gen. ) ATLAS-CONF-2017-022
P g...xb 1 fcompressed) mono-et  1-3jets  Yes 32 mighmiE])<s Gov 160407773
L ] 0 26jets  Yes 361 mi§)<200GeV ATLAS-CONF-2017-022
B B-qet; -'WW'h [ 26jels  Yes 36.1 mES) <200 GeV, m(E* 0. 5(miE] jem()) ATLAS-CONF-2017-022
7 g—-w(u/w)f 3ep 4jets 3 mi5)<400GaV ATLAS-CONF-2017-030
i, i—aqWZE] 0 7-11jets  Yes 361 mi}) <400GeV ATLAS-CONF-2017-033
GMSB (£ NLSP) 1274017 02jets  Yes 32 1607.05079
GGM (bino NLSP) 2y - Yes 32 r(NLSP)<0.1 mm 1606.09150
GGM (higgsino-bino NLSP) Y 156 Yes 203 M) <050 GeV, cr(NLSP)<0.1 mm, <0 1507.05493
GGM (higgsino-bino NLSP) Y 2jets  Yes 133 miE3)>680 GeV, cr(NLSP)<0.1mm, u>0 ATLAS-CONF-2016-065
GGM (higgsino NLSP) 2eul2) 2jets Yos 203 M{NLSP)>430GeV 1503.03280
Gravitino LSP 0 mono-jet  Yes 203 m(G)>1.8x 107 oV, mig)emig)1.5TeV 150201518
i 2, §bbT? 0 36 Yes 361 i) <600 GeV ATLAS-CONF-2017.021
&, ik 01 e 3b  Yes 361 i) <200 GeV ATLAS CONF-2017-021
Eowe i, g-obit; 0-1ep 3b  Yes 201 i3 <300 GeV 1407.0600
byby, By—bt) 1 0 2b Yes 361 ) <420 GV ATLAS-CONF-2017-038
26,u(SS) 15 Yes 361 mE3)<200 GV, m(E} = m(E])+100 GoV ATLAS-CONF-2017-030

Byby, By ik}
Ty, i —bE]

026 1-2b

117170 GeV

mik?) = 2miE3), mif)e55 Gov

12092102, ATLAS-CONF-2016-077

___________________________________________________ l,., :. ~WhE] or ] 02e,u 0-2jots/1-2b Yos 20.3/36.1 90-198 GeV miT5)1GeV 1506.08616, ATLAS-CONF-2017-020
g Qi 0 mono-jet  Yes 3.2 i) miE)=5 GeV 1604.07773
iy (nunnl GMSB) 2e.u(2) 1h Yos 203 150-600 GeV' miE5)>150 GeV 14005222
L .E i +Z Seul2) 1h Yos 361 . 290-790 GeV miE5)=0GeV ATLAS-CONF-2017-019
iy, =y + 126 4b Yos 361 . 320880 GeV miE3)=0GeV ATLAS-CONF-2017-019
lplig, E-08] 2ep 0 Yes 361 )0 ATLAS-CONF-2017-039
X i,. —o?-(m 2ep 0 Yes 361 M) =0, miZ, e0.8(miE] on(i])) ATLAS-CONF-2017-039
i.x /iJ B} —(r9), B—tr(vi) 2r . Yes 361 mE)=0, iz, 7)=0.5(m(E] Yem(E])) ATLAS-CONF-2017-035
(Max exclusion for M, - M s, <80 GeV) |Xa«?l_vﬂ L), L) e 0 Yes 361 Y] Jmi3), meE?)=0, miZ, 710 S(miE] Joenii)) ATLAS-CONF-2017-039
(Max exclusion for M,,.,.. - M s <80 GeV) . . E k.xa—- 23epu  O2jets  Yes 361 miE})emii3), miE)=0, Z docoupled ATLAS-CONF-2017-039
(Max exclusion for M, - M s, <80 GeV) C M S Prel I m I nar thib h—sbb)WW/rt/yy amy 02b Yes 203 |ELE 270 GeV mE] (), mii)«0, 2 docoupied 1501.07110
x (Max exclusion for My, - M s, <80 GeV) y Py, 05, -.?.1 dep 0 Yes 203 j{. 635 GeV EE)amiES), mii)e0, miZ, 7)e0 S(meE31emif)) 1405.5086
':“. (Max exclusion for M M s < 80 GeV) GGM (wino NLSP) weak prod., ¥ —~,G 1 f.u +y Yes W cr<tmm 150705493
g (Max exclusion for M - M s <80 GeV) GGM (bino NLSP) weak prod., jd Yos W cr<tmm 1507.05493
‘ —
s -— 1 3Tev Dwect ¥ %; prod., longwx‘ Dlsaw- k. 1jet Yes ] )-miEE)~ 160 MeV, r(E] )<0.2 ns ATLAS-CONF-2017-017
Direct ¥ ¥, prod., Iong-hed x GE/dx tri - Yes i) miEi)~160 MeV, r(E})<15 ns 1506.05332
-1 -1 Stable, stopped § R-hadron 0 1-5jets  Yes m{T)=100 GeV, 10 s<r(#)<1000 s 13106584
L=129 fo'L= 359 fb Stable § R-hadron trk . - 1606.05129
Metastable § R-hadron dE/dx trk : m{T)=100 GeV, r>10ns 1604.04520
GMSB, stable #, £] -1, i)+ 1(e, 1) 12u . 10<18n<50 14116795
ausafa-,c wurmx‘.’ 2y Yes 1<1(5)<3 ns, SPS8 mode! 1409.5542
i WD . ,I_.,;,J{,,,,W, displ. ee/ep/up . 7 <er(¥)< 740 mm, mig)1 3 ToV 1504.05162
,d,c, - G GGM g, ¥ —2G displ. vix + jets 6 <cr(})< 480 mm, miE)e1.1 ToV 1504.05162
_— — = = = = — — — - — — - — — — — = — — — — - — — — — — — — — — — — — 2 ] LFV pp-s¥, + X, §y—sepfer/ur eyt . - PR XTI — 1607.08079
0 Bilinear RPV CMSSM 26,u(S8) 03b Yeos mGJem(), crpgp<t mm 1404.2500
g Pets i. — Wi, i°-.m.mv.;mv 4o - Yos miE5)>4000eV, 21220 (k = 1,2) ATLAS-CONF-2016.075
S s FiEf K owR R, Jepsr © o Yes )20 2xmiE1), duny#0 1405.5086
3 " i B2 2099 0 45large-R jets - BR(-BR{B)BR(c)}-0% ATLAS-CONF-2016:057
S For decays with intermediate mass, & 0 45large-R jets - m)-800 GeV ATLAS CONF-2016.057
¥ epton Teu 810jets04b - ) 1 TeV, 411240 ATLAS.CONF-2017:013
s 48 21 soft (Max exclusion for M,, - M s, <40 GeV) My ermediate = X mMmher+(1 -X) M gp Teu 810jets0-4b - )= 1 TeV, Ay #0 ATLAS-CONF-2017-013
w !l . 5 oy sy s s ] PR IS W T 202;&.21: ATLAS-CONF-2016-022, ATLAS-CONF-2016-084
e, Fy ~be/u)>20% ATLAS-CONF-2017-
0 200 400 600 800 1000 1200 1400 1600 1800 2000 . £ z” - 3 " mw:; s
L L . c f)<200Gev
*Observed limits at 95% C.L. - theory uncertainties not included Mass Scale [GeV] . e

Only a selection of available mass limits. Probe *up to* the quoted mass limit for jul =0 GeV unless stated otherwise

*Only a selection of the available mass limits on new states or
phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.

pical mass limits for direct production

squarks > 1 TeV
gluino > 2 TeV
sleptons/chargino > 0.5-0.6 TeV

https:
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Mass scale [TeV]

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersvymmetryPublicResults
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

Compressed Regions

Challenging to access! b
Example: direct stop pair production in multiple final states N jiuji:"\\(,
e top + LSP — 0/,11,2] + b-jets + EfMiss >’1\\ 0
2 body decay t S W
e charm + LSP stop = t+ LSP 7 q
N N C
A |
s p $ bW |
p v
S NS N fazlii
o e K Y 3 body decay >I:\ .
IX Q&l’\ o p /\1 ~ X1
= N SR
\Vs L fV b4
_ RQD HQ\/ b
9 | 200 f— Q p \ léy
8 ‘N \V4 /[’/ X1
8 Q 4 body decay - .
o) p
% \V4 Jet substructure I N
%D 100 |— techniques are cruciall |
E » \ b W
t » T -0
stop = ¢ + LSP . :1 :\,f)
| | » A
g &

I 200 ' 300 mt~1 [GeV]

ncrease boost
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T'hird generation stops

Historical development!

Moriond 2014 Feb 2015 Moriond 2017

tt, production, t,— t i? /T->Wb i? /t>c i? Status: Moriond 2014 tf, production, t,» b /T, ¢ X, /{> Wb X[ /T tX] Status: Feb 2015 TF, production, T b f f-)—z“’ IT—c i? IT>Wb i? 1T~ t)“(? Status: Moriond 2017
;‘ H T 1771 I L | LI | LI I L I OO L) I L I — ; 600 _l LI I | l LI [ 1T 1771 I L L I T 11 I LI I B | I T |_ ;‘ TTT I TTTT I TTTT I TTTT l TTTT I LU I LI I TTTT I TTTT I L =
8 100~ ATLAS Preliminary L, =20-21f"1s=8TeV L, =47 " 15=7 TeV_7] 8 - ATLAS Preliminary L, =20fb" 's=8TeV Ly =4.70" /s=7 TeV 8 700— ATLAS Preliminary \s=13 TeV _
- o ~. 0 i - = L_> 3’ oL [1406.1122) 0L [1208.1447] 7 - T BT P/ T-WbF toL 36.1 fb™' [CONF-2017-020) ]
EEoLt»ty 0L CONF-2013-024 0L [1208.1447 e = =8 - % T X
s - i Ky -2013- [1208.1447) n i 500 — =ity 1L [1407.0583) 1L [1208.2590) od L 0 H1L 13.2 fb™! [CONF-2016-050] _
e asol- EELot A 1L CONF-2013-037 1L [1208.2590] 4 €& Loty 2L [1403.4853), 2L [1412.4742) 2L [1209.4186) ] - L 1%, : -
C = 2Lt ty R 2L [1403.4853) 2L [1209.4186) -] [ =mio Wb 1L 1407.0583), 2L [1403.4853] : 7] 600— EHT-wb i? t2L 13.3 fb' [CONF-2016-076] —
o 2Lt Wby 2L [1403.4853) n | EElock 0L [1407.0608] i N T-cy M 2 b [1604.0777 ]
- E=oL mono-jet/c'-tag,t,—> c i“’ 0L mono-jet/c-tag CONF-2013-068 n [~ Emtobf }‘ % 0L [1407.0608], 1L [1407.0583) 7 C Fi-c %, ‘ J 3.21b " [1604.07773] .
300— CDF 2.6 b [1203.4171) — 400— S 40 500 I~ \s=8TeV,20fb Run 1 [1506.08616) -
- — Observed limits ===+ Expected limits ] [ — Observed limits === Expected limits g+, - — Observed limits -=-- Expected limits Al limits at 95% CL ]
250 '—_ All limits at 95% CL _—: All limits at 95% CL | I,Q p ’ b V) P : / .
- : 400— ' —
200 N C ]
» . 300 —
150~ — u \ ]
oo ] 200— o -
00— — - ; : _
] o bery), / ]
= 100(— : ]
/l I n 0 -l 4 1 L1 1 | L1l I L1 11l | L1 11 | L1l I N |l"| Ll II 1 l—
200 300 400 500 600 700 200 300 400 500 600 700 800 900 1000
m;, [GeV] m; [GeV]

Similar developments happened at CMS at the same time
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T'hird generation stops

pp — tt ’[ —> ’[ X Moriond 2017 tf, production, > b ¥, /> c ¥, /t>WbX, /T~ %, Status: May 2017
;l 900 | | I I I | I I ] ; _—L [ I [ I L I | I L I L I L I [ I L I | l_.
] 41 o [ imi = —
8 800 CMS Pre//mlnary 359 b 1 (1 3 TeV) - S, 700: g’;ﬂif/’;ﬂw:;y (gi_;;: ?t:'/‘ [CONF-2017-020] i
— - —SUS-16-033, 0-lep (HT™) ---:Expected 1 EO*XP - —i—)tié/a%Wbi(}/i—)bff'%? 1L 36.1 o [CONF-2017-037] .
1< 700:_ —SUS-16-036, 0-lep (M;,) — Observed E 600 — -E_)tag‘jo/ﬂ_)Wbazj’/i_)bff-az‘j 2L 36.1 fo™ [CONF-2017-034] —
B _SUS'1 6'049, O'lep StOp 7 : = '(1—) c X1 MOﬂO]et 3.2fb [160407773] -:
600: SUS-16-051, 1-lep stop . coob. 1s=8 TeV, 20 fb" Run 1 [1506.08616] E
E —-SUS-17-001, 2-Iep stop E ~ = Observed limits Q/ Exp/ecte%litnits All limits at 95% CL ’
500 —Comb. 0-, 1- and 2-lep stop = . - sool_ o A3 @b ’ I
- 4 .‘““ . : \j & /4 :
400 " i .
- % - 300 —
: ”:0‘ ‘; : : 7
300 % t B \ i
- . 200|— -
200— B — [ - Yoo
- -  bir n
100F- - 1005800 =
- ' - b L]
0 | | |:-‘ L] O_Lll,{ll ||||11|1111|1111||L"||||||||1|l'!-||\l_
200 400 600 800 1000 1200 200 300 400 500 600 700 800 900 1000
m; [GeV]
4+ My [GeV] See today’s BSM session@10:45 ‘
CMS equivalent for 4 body decays: SUS-16-050 (0/+top), Keisuke YOSHIHARA, Nathaniel PASTIKA
SUS-16-052 (11 compressed) Wednesday’s BSM session @10:45
CMS equivalent for charm + EtMss : EXO-16-048 Leigh SCHAEFER (RPV)

* For sbottom: Exclusion limits beyond 1 TeV in both experiments

CMS-PAS-SUS-16-032  ATLAS-CONF-2017-038
Sadia Khalil, DPF, Fermilab, USA, Jul-Aug, 2017 16



Gluinos

e A spectacular number of regions scrutinized in 0,1, or more lepton final states, in

a a variety of hypotheses

Y%

R-Parity violation

p
;-2500"11""1"
8 g -t — ttuds ATLAS
= (s=13TeV,36.1 fo! = Obs. limit (+ 1 cpeor)
3.3 2000
E ...... Exp. limit (+ 1 ,,,)

All limits at 95% CL

| | L1 1 | I I I I | I S |

I

arxiv:1704.08493 £

-7
-l
- »

1T T 1 | T T 1 l T 1T 1 I L | T 1T 1

| I

|

1 1 | l I
0 2000

m(g) [GeV]

! | !
1500
Typical limits on gluino ~ 2 TeV
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R-Parity conservation
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PP — 55, 5 — tt 72? Moriond 2017

CMS preliminary 35.9 b1 (13 TeV)

—SUS-16-033, 0-lep (HT™°) --.Expected

—SUS-16-036, 0-lep (M)

—SUS-16-037, 1-lep (M)

—SUS-16-042, 1-lep (A9)
SUS-16-035, =2-lep (SS)
SUS-16-041, =3-lep

—Observed —

I|III|III|III|III|III|‘)IE#l;lll

800 1000 1200 1400 1600 1800 2000 2200
Mg [GeV]

See today’s BSM session@10:45
Kevin PEDRO, Giordon STARK, Frank JENSEN
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L Iight squarks

 Searches are interpreted in terms of exclusion limits on the
mass of squarks, considering sophisticated search regions

pp — qq q — ( X1 Moriond 2017

\ / ;‘ 1200 | T 1 | T 1 | T 1 | 1 | T 1 | T 1 | T
------- 1 —
8 _ CMS Preliminary 35.9 fb’ (1 3 TeV) i
........ % — B _ Expected
81000~ —SUS-16-033, 0-lep (HT™°) — Observed
= - —SUS-16-036, 0-lep (M) N
a 7 800— ]
P : W+ . .
(] S0 B T —
- ~ ,\_ I e, ]
-7 n 1 600 —

~ o
.,\ ~ \1 ~{) B .
q v Xi B i
P - n |
q,” 400} ~
Limits on light squarks ~ 1 TeV for direct i o l
decays [one-type only] 200~ onelightd = ] —~
, . ] O_ I I | I | I I-E :L [ | | [ 1 h -:'I. I : | I | |
See today’s BSM session@10:45 am 200 600 800 1000 1200 1400 1600 1800

Kevin PEDRO, Frank JENSEN
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Electroweak SUSY: chargino

Powertul exclusions in decays using multi-leptons tinal states

Z/H
CMS-PAS-SUS-17-004 50~ w
PP — Xy X3 May 2017 ATLAS Preliminary ~ Vs=8,13 TeV, 20.3-36.1 fb
;‘ L | L | L | L I L | I I I ;‘ B
® 400 :_CMS Pre/iminary 359 fb-1 (1 3 TeV) _: 8 | === Expected limits Observed limits All limits at 95% CL
)  _BRERoHYY < 1 (WH) 1 =qoppl- %% ——via /¥ 2| ATLAS-CONF-2017-039, arXiv:1403.5294
3¢ 3500 —BF('XS—>Z %3) B i (W2) -Expected 7 - —— via T/¥ 2l arXiv:1509.07152
= e —BF(X‘E—)Z %21)) _ BF(R—H X9 = 0.5 (WH+W2) —Observed - ljf i —— via T/ ¥, 21, ATLAS-CONF-2017-035, arXiv:1407.0350
300 — £1000 T X% via T/ ¥ 2143l ATLAS-CONF-2017-039, arXiv:1509.07152
- N’A\', ’\4',' Qt" : -
N S :‘@\*& N XX/ %S via T /¥, 2t, ATLAS-CONF-2017-035
250/ &0 SAS = [ o0 - N
s , st A - 800|~ XX, —viak 3kl aniv:1509.07152
200 " — 600:_ 14 e ...... 1%
150 P — - T2 e e
> < At E 400_ ..........
o/ E h
sof A— = 200 7 &
AN BT R SRR R ||||E||||||: 0 | [, ¢ | | 4 = |
200 300 400 500 600 700 200 400 600 800 1 %OO 0 1200
2 soft leptons: A region previously only mig = m%f;. [GeV] m( X1’ X2’ XS ) [GeV]

reached by LEP (CMS-PAS-SUS-16-048)
See today’s BSM session@10:45 : Frank JENSEN

BSM session@13:30: Joseph REICHERT, Elodie RESSEGUIE
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Electroweak SUSY: higgsino

Sensitivity to Gauge mediated SUSY breaking models

H
P 5{? e o’/ ...... G
CMS-PAS-SUS-17-004 |
Z
. CMS Preliminary 35.9 fb’! (13 TeV) _ CMS Preliminary 35.9 fb™ (13 TeV)
Z © ~— I l’ l‘ | | | | | I | I I | | I | I
o $0 L l [ i
I g L _x I. s :
g ol 08y . -
z\>.§ g LPS _‘ ‘% ' v 75\‘ -
e % 0 :I \ N\ ool cross section i
o “ens AR scenario 1 ]
2 o.si \ A\ B
0.5 § le \ ’ \ :.6" mi: = mi: = mi? |
7 i \ g m; = 1 GeV .
S 0.4 N\ A —
i \ . = ' 2-lep OS I
- \ \ = = >3-lep |
- = === bbbb
02 \\ T\ —= Hoyy ]
i . ] = Observed
0 : \ i \ """ Expected |
| l 1 | | I l\ | 1 - I 1 1 l | | |
200 400 600 800 1000 0 200 400 600 800 1000
Higgsino mass m, [GeV] Higgsino mass m  [GeV]
1 X

See today’s BSM session@13:30 : Basil SCHNEIDER
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Electroweak SUSY: sleptons

Powerful exclusions in decays via sleptons

« Best sensitivity: left-handed stau of around 125 GeV and a massless LSP, with expected
exclusion of 1.5 times the expected SUSY cross-section.

CMS Pre//mlnary 35.9 fb' (13 TeV)

L | ot L— |
E 10° — %(100) (1) =
o e T(150) — (1) -
3 10 == 7(200) — %,(1)
I [l DY+jets
2
L%) 1 Bjet—t
[ ]Rare SM
10 B Top
’
10_1 paan E
wi i
0 50 100 150 200
M, = min [max (M(l) M(z))] MT2 [GeV]
7ix (1)+ﬁx(2 —jpmiss
CMS Pre//mlnary 35.9 fb™ (1 3 TeV)
% ] | I— 1(100) — ‘cx (1)
(OD 10 om0 . %(150) — ¥, °(1)3 e
5 e == ¥(200) — nzj’u) :
2 10 B DY+jets =
C - =
o Bjet—r 3
Ll>-l 102 [ JRare SM |
B Top
10
’
107"
0 100 200 300 400
Mr(q, ™) = y/2ErqEfs(1 — cos Ag) M, [GeV]
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3 1 05 E I I I I I I I I I I I I I I I §
S— - pp—nt - tx M(x ) =1GeV 95% CL upper limits .
© 104 :_ — NLO+NLL theory + s.d. - Observed _;
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’ 03 ----- 95% expected _‘
: LSP mass =1 GeV 3
10°E E
10
U3 E
- Left-handed scenario :
1 0—1 | ] ] ] 1 | ] ] ] | | | ] ] ]
100 200 300 400
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See today’s BSM session@13:30 : Elodie RESSEGUIE| 7T
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R e T N i [ o e
Global Symmetry
Complementary to SUSY, with light fermonic
partners & Higgs tuning
3 2
om3; o 8?mTlog(A/mT) W

ZI
Vector-like quarks:

4 Global N Non-chiral matter and with its own mass, Ly = — M)

5 ToV Transforms under the same representation of the top partner(s)
............. SM SU(3).xSU2),xU(1), gauge symmetry "
' ‘ w2z’ — has both left-handed and right-handed '

charged currents

Partner bosons:

te te Z', W’ and G’ appear as
b resonances in BSM Models
|t W
h W W <
\_ J Z
Nathaniel Craig, EPS2017
t
arxiv:1506.05110 < < t

Sadia Khalil, DPF, Fermilab, USA, Jul-Aug, 2017
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https://arxiv.org/pdf/1506.05110.pdf

Vector-like quarks

Produced either as in pair or as a single

. i 10':'\{ """"" T3
Pair Single S
X 10° . | "'\4\\ O Ybj|
E . N, (B\Y) — TE] ;
- N — Bbj|
:ii@m—@‘m< : & EN e — T | -
€ Fu ' N — Xtj | -
- T g [ a8 *
X < t / b © 1ok \' \ -
cross-section is cross-section dependents i xn” "
independent of production of ewk couplings and 'E — ~_ = -
mechanism  production mode 1
10 400 600 800 1000 1200 1400 1600 1800 2000
m, (GeV)
£ AR AR R LR LR RN R
: : s 'Thbenchmark (T.8) or N
= SU(2) Singlet ,T) Doublet
Decays and allowed combinations - ikl
@ 08~ , Tzt
N . TR
Sin Iet T 1 2/3 0'6__ NG T __
T2 bW+, tH, 1Z 9 1 /3 : 150%
0.4— —
B-1/3 tW-, bH, bZ T.B 2 176 ! -
Doublet T, X 2 7/6 ook =25%
X573 tW+ B,Y 2 -5/6 i PROTOS i
y-as bW- Triplet Ig:{‘ SR O |
J —o 3 -1 / 3 300 400 500 600 700 800 900 1000

m, [GeV]
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VLQ Searches

Pair Production in 1/+jets+ EtMISS Single Production in all hadronic with
>7 fwd jet

‘Extensive use @C 60051@6[:]61'5.' g b
CMS Preliminar -1
" 359 b (13 TeV) g proTT Y2290 (13 TeV)
E cms — X;,Xs 5 LH (0.9 TeV) [ QCD o 90 > paia [Joco M E
A 10 = Preliminary e X5/325/3 RH (1 .2 TeV) . EWK - g 1 60 :— -W + jets stat + systunc = B (1 TeV) (x10) _:
> 102 Bkg uncert TOP | © 2140 21T 60 =
1 (5] ]
G 10 elusjets ¢ Data | L T 1205 1 o
. >1t,>1W,1b, >4j A - - o
i 2 1E 0] 100 — — CP
GCJ -1 QAl = - N
N B LA el b d o B PO A I B = e e ; il - Q)
v 10 2 60 1 9
109 B o 40 = f}n)
_ - 20 g =
c.’ 2 .......................................................................................................................................................... ] D_
5 | S — O 0 L — (b
0 |© 0 O . 2 E Data/BKg = 0.99 £ 0.05 ' ' ' ' '
ata g =0.99 +0. 2
o) -1 é 1.5
o oo oy P —— — - g —— O
0 2(’)0 460 6(')0 860 1000 ..(E O-g s statistical + systematic uncertainty (postfit) ‘ . .
. © 600 800 1000 1200 1400 1600 1800 2000 2200
min[M(1,b)] [GeV] a Mg [GeV]

Mass exclusion limits up to 1.3 TeV o X BR exclusion limits up to 0.07-1.28 pb
for B masses 700-1800 GeV

See Tuesday’s (01/08) BSM sessions at 13:30
Anthony BARKER, Rachitha MENDIS, Rizki SYARIF, Tyler MITCHEL, Erich SCHMITZ
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VLQ Searches

TT/BB in 1/+jets+ ETMiSS using mass

reconstruction

Extensive use of boosted jets!
arXiv:1707.03347

L 0.9 ATLAS

T Vs =13 TeV, 36.1 fb
— 0.8

S 0.7 TT — Wb+X 1-lepton

0 010203040506 0.7

o7 SU(2) singlet
O SU(2) doublet

See Tuesday’s (01/08) BSM session
talk by Joseph HALEY

Sadia Khalil, DPF, Fermilab, USA, Jul-Aug, 2017

g b
T W+
\ W-,H,Z
T
9 b.t.t
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1 ) 0.9 \
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1200 E m 9-8F _
1100 é %’ 0.7F BB 1-lepton
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1000 g 0.52 O SU(2) doublet
900 ° =] s
§ 0.4F
800 o 03E |
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Observed 95% CL mass limit [
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Resonances

* Sensitive to many BSM scenarios: extra dimensions, new gauge bosons, heavy higgs (A/H) ...

* New particle can decay into multiple final states:
Miss

dileptons, lepton+ £, , dijets, y+jets, dibosons (VV, Vy, yy), tt, tb ..

. Look for Jacobian-Peak in W-transverse mass, Mt
arXiv: 1612.00274 2.3 -1 (13 TeV)

arXiv:l1 706.014718 .

2 7 T T T T T T T T I é
0 | | : g 10 —W (3TeV) e Data E
.‘E CMS Emiss + Data | 0>) ATLAS -1 Wv (4T V) DW -
g pFET SSIRVINY W 46l 1s=13Tev,36.1 " — W (4TeV) ! =
m 0 .t W' — ev selection — W' (5 TeV) 5Mﬁﬁqeutar E
1 Zly 10° DZ/'Y*J 5
3 3 Diboson J Diboson =
10 —— SSM W' M=3.6TeV | 10* (. —=
— SSM W' M=2.4TeV ] iy = -
o2 [ syst. uncert. 1 10° _ =
1 ; = =
: 10° =
[ =
10 & Wl 10 E=
10° -
1% 10—1 3
-1 o)) | -’ 3
10 g 13 tUith
o 1
g 0.8
= 20f I ' — I > ?i : : e
S oy .,T++ .+I ] @ & 2| i
© o~ e @ R S
e o 1 . +TT| ) 1 1 §§8g I |]Cx
2 2 3 3 3 . 1 1 1 1 R | ! L
2x10 3x10 10 2x10 3x10 200 300 1000 2000

M, (GeV)
* No significant deviation in data up to 2 TeV

Transverse mass [GeV]

See Tuesday’s (01/08) BSM session

o Simple SM extensions getting tightly constrained up to 4-5 TeV Norbert NEUMEISTER (2", W dijet)
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Resonances

* Sensitive to many BSM scenarios: extra dimensions, new gauge bosons, heavy higgs (A/H) ...
New particle can decay into multiple final states:

dileptons, lepton+ ETMiss, o‘l(ijets, v+jets, dibosons (VV, Vy, yy), tt, tb ..

Z’ resonance in qgbar merged in 1 jet Ex0|tked.state_s of L/H flavor
CMS-PAS-EXO-17-001 __ QUALCJOEICLS Presented at EPS2017
CMS Pre//m/nary 35.9 fb™ (13 TeV) . : l ' §
Boso00— '+ oD E’ ATLAS Preliminary : |
O™ p,1500600GeV o & Mutljet pred 1 = 40 s= 13 TeV, 36.7 fb" e Excited quarks: m <
g ~ —— Total SM. pred. - g\ ¢ Data ] 53 Tev
© 20000 — ‘Z"’:qzi‘;g‘: 02 L . Jetphox-based model ]|
..g T Tmee™e L Z/(qq), g,=1/6, m =135 GeV _| - m f
g 15000 i ook 1* ADD-Quantum black
E L ] : = holessm< 7.1 TeV
E - . i ]
10000 — — 10°E =
- N i 1* RS-Quantum black
5000 [— — e | ———  holes:m < 4.4TeV
- j]et substructure tools are ﬂﬁy ex]o[mrec[ ] g 15k _ Jetphox theory uncertainty | | R
) ) - x_._n—':,:;lj—_=:_ O PR L eled Rk T % ' ]
% 11 _. ............................................................................... — 8 1%%_‘_1 fE
§ 1 wﬁm«mmmmg‘dm w«‘m‘ﬁ‘fwﬁ_‘am_«‘_wtw : 1
% 0.9 5 5 g 0'5__ }Syst.@Stat. uncertainty (Data) i[Stat. uncertainty (Data) |
Y SN W S S N W — _ o pLvstoREn | | ,
1 I i 1 H 1 L -E' 1: —:
40 60 80 100 120 140 AK81r:gUPP' ( (;1:\(/)) E 0.9%‘}% %_%_ % _
Sensitivity to Z’ in [50-300] GeV (model dependent) 0.8} 1 Syst@Stat uncertainty 1 Stat. uncertainty E
5x10™" 1 2 3 4 5
See Tuesday’s (01/08) BSM session g m,; [TeV]
Alejandro GOMEZ, Norbert NEUMEISTER, Laser CMS results: CMS-PAS-EXO-17-002
KAPLAN, Cristina Ana MANTILLA SUAREZ
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Resonances

* Sensitive to many BSM scenarios: extra dimensions, new gauge bosons, heavy higgs (A/H) ...

* New particle can decay into multiple final states:

dileptons, lepton+ ETMiss, dijets, y+jets, dibosons (VV, Vy, yy), tt, tb ..

Sensitive to many model of NP, all final states explored: — llgq, llvv, vvqgq, lvgqg, gqqq, llll ...

2.3-2.7fo" (13 TeV) + 19.7 fb" (8 TeV)

2016+Run1 legacy
I I I I I I I I I I I [ I I
CMS -

[ ! I I

P
§ - Asympt. CL limits
B 102 —— Observed E
e - (88 68% expected 3
0 - B 95% expected 1
© [ HVT, (9,=1)
10

T lIIIIIII

|

—o— qoqa (8 TeV)
%~ qopb(4q) (8 TeV)
—— v (8Tev) ~ dat(8TeV)
= llgg (8 Tev) * Ivag (13 TeV)
—+ vgg (8 TeV) —* Ivbb (13 TeV)
lvbb (8 TeV) —&— qgag (13 TeV)

| | | | | 1 | I | | 1 | I 1 1 |

1 2 3
my, (TeV
dqqg, 212v, VH(bb), 2129, lvqq
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probe In all cases!

More results: CMS-PAS-B2G-17-005

See Tuesday’s (01/08) BSM session
Manuel SILVA (yy resonance)

Thursday’s (03/08) BSM session@10:45
Caterina VERNIERI, Ines OCHOA,
Yanchu WANG, Wei TANG
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Dark Matter
Simplified models

* 2 new particles: mediator and stable DM particle

* Mediator: Vector, axial-vector, scalar or pseudoscalar

* Rich phenomenology depends on mass of DM, mass of
heavy mediator, and the value and type of the couplings

* Usually two free coupling constants: gm and gom

Signatures at collider jly+DM
* An object recoiling against large ErMiss /9
q
* Mono-jet
* Mono-photon _ 9;4 o _QDM
* Mono-lepton . ; ©
leptophobic vector
* Mono-W/z/H resonances t+DM: FNCN
* Mono-top quark g AR X
» tt/bb pair + DM / -

* Boosted boson in association with ISR jet

Sadia Khalil, DPF, Fermilab, USA, Jul-Aug, 2017 29



Dark Matter: Mono-|et

- Mono-jet: ExMiss based S|gnal reglons with ETMiss > 250 GeV

s s T T T T
() 10
9 ATLAS Prel|m|:1ary e Data2015+2016
€ 10° Vs =13TeV, 36.1 fb’ N\ Standard Model
3 W(— nv) Control Bnigmn BB Z(— vv) +jets
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DM Mass [TeV]

e Constrain backgrounds by fitting simultaneously in W, Z/
v#, it CRs = systematic uncertainties reduces up to 40%

» Variety of interpretations: DM models, SUSY stop in

charm + EtMiss extra dimensions

Model-dependent summary

ATLAS: arxiv:1704.03848

DM Simplified Model Exclusions ATLAS Preliminary July 2017

== Dijet

Vs=13TeVv,37.0fb"
arXiv:1703.09127 [hep-ex]

Dijet 8 TeV

Ys =8 TeV, 20.3 fb™
Phys. Rev. D. 91 052007 (2015)

Dijet TLA
Ys=13TeV, 3.4 fb"
ATLAS-CONF-2016-030
Dijet + ISR
Vs-13TeV, 155"
ATLAS-CONF-2016-070
miss
Er T +y

Ys=13TeV, 36.1 fb"
Eur. Phys. J. C 77 (2017) 393

Axial-vector mediator, Dirac DM

1 ji -
0.8~ -
I L :
0.6 < |
L = -

- *Q .

- ..,-5 i
0.4 —

9,= 0259 OgD =1

EF+jet
Ys=13TeV, 36.1 fb"
ATLAS-CONF-2017-060

AII Ilmlts at 95% CL
PR T St

2 o5 3

Mediator Mass [TeV]
Similar background estimation in CMS mono-jet analysis

15

ET™*+Z
Ys=13TeV, 36.1 fb"
ATLAS-CONF-2017-040

(CMS-PAS-EXO-16-048)

See Thursday’s (03/08) BSM session
CMS talk by Sonaina UNDLEEB
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Dark Matter:ai-|et

Di-jet resonance: one fat jet with pr>500 GeV Model-dependent summary

CMS Preliminary 35.9 fb' (13 TeV)

T R UM I e CMS Preliminary LHCP 2017
g B P, 500-600 GeV &% Multijet pred. _ S‘ 2000 g ™ rrr [ rrr [ rrrrrr LI LI S B el L L L 5
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3 320000 —:. quﬂ;}s _ : (5, 1800 Axial-vector mediator |- = Myy=2xmg, | —
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%_ 04| - = 1 std. deviation ) "/‘:_::"—" - CDF Run 2 ! 1
g 03 2 td. deviation Most sensitive limits up to date for leptophobic
0.2 Z’ mediator interacting between quarks and dark
o1l matter particles through an axial-vector current
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~ —— ATLAS13,15.5f0™" ISRy 7 ..
0.04 - : ATLAS13, 15.5 fb", ISR jet - - Similar results for vector
0.03 - 5 CMSS8, 18.8 fb!, Scouting . ’ .
; L Z Width (indirect) | -0 - mediator
0.02 50 60 100 200 300 400 1000
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New Physics @ HL-LHC

o With luminosity of 7x10> Hz/cm2 and a pileup of 200, both ATLAS and CMS foresee

rebuilding the Tracker and Hadronic Calorimeter subsystems by 2025 t
. . . . 7’
Projections of Z’ in [+jets@13Tev  Z_____
., 3000 fb™ (13 TeV) ATL-PHYS-PUB-2017-002 t
2 CMS e o . .
= °F Preliminary Simulation Ce oo TOpCO'OUI’ VA using full simulations
= E—— o) S B B B B R B UL RN FLALRLINE
o F~ Tt et - e Exp. 95% CLs upper limit .
gs 05_ c-:\_‘_‘_: ———————— & 1 O = -1 Exp. 1 ¢ uncertainty E
O>T< 1K T N = Ldt=30000 fb P- -
° Tk (4= u . _
> F e Exp. 2 ¢ uncertainty
0 g -2F 1E E
8 - -35—1'\ T — Leptophobic Z’ cross section
I - —20 30 —50 N—" — 3
o _5F. ! L1 I B B oC u . -
E 1 ' ° 25 Res%nance I?/I'gss [TeVi1 af] 1 0_2 = W E
) . 3000 fb™' (13 TeV) X S - :
i Fcms - N0 s =
o = “F Preliminary Simulation Con s © - 3
2 ;L 1:_ o Systematics 10_4 _ _
Oa 5 =
L - ATLAS Simulation Preliminary -
Ve -5 _
30 _1:\ 1 O = o v ey b e =
A 0 1 2 3 4 5 6 7 8
3= RS KK Gluon m.. [TeV]
_4;_ —20 30 —50
B I - B O R A Exclusion limits up to 4 TeV @ 3/ab

Resonance Mass [TeV]
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New Physics @ HL-LHC

o With luminosity of 7x10™" Hz/cm2 and a pileup of 200, both ATLAS and CMS foresee

rebuilding the Tracker and Hadronic Calorimeter subsystems by 2025

Mono-jet DM using Delphes Simulations

DM: Pseudo-scalar in jet+EtMiss

CMS Preliminary Simulation 3000 fb’ (14 TeV)

S
D 500 Pseudoscalar, gDM=1, gsm =1
current [arXiv: ) extrapolated to HL-
9 t [arXiv:1703.01651] extrapolated to HL-LHC
= current/2
@] ) . .
S 500 arXiv:1703.01651 luminosity scaled
400
300
200
100

L L L L | L L L L
200 400 600 800 1000
M ., (GeV)

Mpy (GeV)

DM: Axial-vector in jet+EtMiss.

CMS Preliminary Simulation ~ 3000 fb™' (14 TeV)

1600
Axialvector, gDM=1, 9~ 0.25
1400 current: control of systematics same as arXiv:1703.01651
current/2 8
1200 current/4
1000 60
800
40
600
400
20
200

500 1000 1500 2000 250(|) 3000 3500 4000 4500
M__ (GeV)

0

med

Maximum reach in mediator mass (Mmed) = 3 TeV @ 3/ab

Reach in dark matter mass (Mpwm) increases for high Mmed with better knowledge of

systematic uncertainties.
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- LHC has an extensive program for new physics at the energy frontier

30y6

,

Sy
S

- We have developed sophisticated and ingenious techniques

+ Discovery potential for generic QCD-charged states (stops, gluino) is
shrinking but new opportunities lies at EWK scale

- Global symmetries provide a suite of new particles to address mass hierarchy

- Boosted jet substructure techniques have allowed to probe DM, stops, VLQ,
Z’'/W’ in corner phase spaces that were not accessible at the LHC before

- This is less than 10% of the LHC data compared to the expectation of Run2

Many searches must yet be completed and/or will take long time

More data and ingenious theoretical guidance may lead to uncover the hidden nature of nature
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Thank you!
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| Prediction is very difficult, especially
if it's about the future.

— Wiels Bohry —
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esmall couplings: RPV decays, dark sector coupling
esmall mass-splittings: almost degenerate next-LSP

Long Lived Particles

* \What makes a particle long-lived?

heavy messenger: Z', split SUSY

*hidden valley
Displaced VERTEX

Dedicated re-tracking: Displaced Vertex from LLP
Map based veto: Mask the detector material that is

sensitive to tracks from Ks® and A°

g = 300

o £

N> 200
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10*

10°

102

10

Density of observed vertices [a.u.]

mpy, [GeV]
2

B N
oo

Other searches with displaced jets, leptons: EXO-16-003, EXO-16-022

Signal: non-prompt gluino
hadronize to meta-stable
R-hadron that decays into
SM g and LSP

Number of vertices

107"

2 3 456 10

probe lifetimes 0.02 - 10 ns

20 30
DV nTracks
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Long Lived Particles

What makes a particle long-lived? CMS-PAS-EXO-17-004

esmall couplings: RPV decays, dark sector coupling pl= c/v &< TOF of DT

esmall mass-splittings: almost degenerate next-LSP Major background:
heavy messenger: Z', split SUSY Cosmics Signal cosmic muons

*hidden valley

Hupper -1 Hupper
\ +B upper

. -R-1
Stopped objects: muons B~ upper
Signal: LLP - gluinos, multiple charged massive

particles that have late decays to muons

Hiower Miower

Custom trigger: record events out-of-time (50 +BL1 o wer B iower

ns) with pp collisions

2016:36.2 fo! (13 TeV) 2016: 36.2 o (13 TeV)
I 1 1 |l I I 1 1 1 |l l T T I I I

CMS Preliminary

I T 1 T T I
10°E" CMS Preliminary

-+-Data
102 |:Cosm|c Slmulatnon

—g —>qqx X2 u* ”stp
(M =2000 GeV, M =1250 GeV, Mu‘s =500 GeV)
mchamp - pHpt (|Q| 2e, M =600 GeV)

Dedicated algorithm: Delayed StandAlone

muon tracks +Data

—g —>q0rx 7(2 u* ”stp
(M =2000 GeV, M =1250 GeV, MXN-SOO GeV)
mchamp — prpt (|Q| 2e, M =600 GeV)

tDT: time at the point of closest approach to
the IP measured by Drift Tubes in muon
system

Fraction of Entries / 0.5
Fraction of Entries / 0.5

Teeee]

trrc: RPC time for a track

See BSM session on Wed @ 13:30 am } )
TO d d ADAM S Upper DSA Track B Lower DSA Track B
probe lifetimes 100 ns — 10 days
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More on Resonances!

1e, > 6 jets, 2 b jets 35.7tb' (13 TeV)

» Jet-substructure tools are fully exploited! 5 7Fews ~ " om
OMSPASB2G-16025 B WE o e o
‘ Spln—3/2 t* fermion t g 10: Koy = 0-366, K_ =0.926
« Pair: t*t*—tgtg —qqgbg Ivibg t* & 12 P
Exclusion limitsupto 1.2 TeV """~ 0 ey e
g 1

L bl \\\\\\\\\\\\\\\\\\\\\\\\g
ST TR RRIR R \\\\\\\\\\\\%

- New resonances in tt/tb production
o combined I+jets and all-hadronic final states

Data/Bkgfit
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arXiv:1704.03366 1 : ] ]
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10 F Q000 e Z' 1% width (NLO) 1 t §, - 95% expected i
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Similar results from ATLAS!
Sadia Khalil, DPF, Fermilab, USA, Jul-Aug, 2017

See Wednesday’s (02/08) BSM session: talk by Douglas BERRY
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stops with top-tagging

* Jop reconstruction improvements

 New pairing algorithm

* Use of W- & t-tag algorithms

— 800 —=
P pp — T1,T -t %0 NLO+NLL exclusion =
(D - -
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arXiv: 1701.01954
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all-hadronic final states
CMS preliminary 35.9 fb™ (13 TeV)
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Resonances

e Sensitive to many BSM scenarios: extra dimensions, new gauge bosons, higgs ...

* New particle can decay into multiple final states:
Miss

dileptons, lepton+ E; , dijets, y+jets, dibosons (VV, Vy, yy), tt, tb ..

([) T 3 _l LI ] LI LI I L I L I L I L I LI I LI I LI I_
+ 6 o imi

§ 10 ATLAS Preliminary ¢ Data E 1 = ATLAS Preliminary Expected limit =

@D 10° vgz 13 TeV, 36.1 fb” — Background o F \s=13TeV, 36.1 0" puEipected+ 1o -

— ee - ’ -

10* 10 Z -l Expected+ 26 |

- — Observed limit =

10%E =

10° E

2 : =

- eelhn :

'“é : ]
C_» 1 L I L L R L L L Sbhaoa v by bvv v bvv v vy v bvvv o bvvv v by by

B 0.2 0.3 0.4 T 2 3 45 10705 1 15 2 25 3 35 4 45 5

Dielectron Invariant Mass [TeV] |\/|Z, [TeV]

- No significant deviation in data up to 3 TeV (Z’)
- Similar results from CMS:
- Simple SM extensions getting tightly constrained !
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Dark Matter

Mono-top: ._ FCNC . Resonant production

\%4
* A boosted top-jet recoiling against EtMiss )
t
« BDT based on substructure observables :
g9 t
.. 1 d:

e DRI ey PRI TR 3816 (13TeV) CMSpreliminary 358fb (13 Tev)
K Sianal reqion e Daa 1000 Z Q g F ' e ; 3
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Other searches of DM + HF quarks: EXO-16-005, EXO-16-028, ATLAS-CONF-2016-086

Mono-W/Z/H: Higgs: e.g. in bb or yyflnal states
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New Physics @ HL-LHC

o With luminosity of 7x10™" Hz/c:m2 and a pileup of 200, both ATLAS and CMS foresee
rebuilding the Tracker and Hadronic Calorimeter subsystems by 2025

Single VLQ, Tbq;T —tH in /+jets

3000 fb' (14 TeV)
EI E I I I I I I I I T T T T l T T T T :_':
= - CMS - - - - Expected ] q
£ Y o - '
T ot Preliminary Simulation [ 1sa. B W =
= - 2 s.d. - WTb ! <
CQ - _ b :
= IO Tb, ¢ "'=05, B(T —tH)=25% |
'-E 10° &= : T ER '
t  E Delphes Simulations S
8 ¢ :
5 - |
102 52

Sensitive to EWK couplings!

10 — Expect improvement with new analysis
=TT 5 techniques such as subjet b-tagging
; | | | | I | | | | I | | | ""I lllll 'I" | | | | rl'
1000 1500 2000 2500 3000
M(T) [GeV]

Systematic uncertainties plays an important role, with largest foreseen from top quark theory x-section,

PDF, matrix-element Q2 scale

Sadia Khalil, DPF, Fermilab, USA, Jul-Aug, 2017
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I\/hssmg Transverse Energy

muon, - miss

NS '
SN\ ’
A\ T

/' N f beam
YW pipe

\ s A ungsglr\‘!ting negative VGCtOr sum Of energies

T of all final state particles
pipe

lepton+neutrino event

dileptOn event Ea::‘tj&crlidofeJJLIOgézf;JSS‘J!.UZU‘ISCtSI CMS ¢

s ‘MetO
pt=0.61TeV

Y
’ L4
1107 \ phi =0.704
Electron 0, / o\ 1 1
pt=1256.20 7 Electron 1, A
eta=-0.239 | pt = 1278.63 N )
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Sadia Khalil, 5th School on LHC Physics, NCP, Islamabad, Pakistan; Aug 22nd, 2016

pt = 0.53 TeV
Y 4 eta = 0.689
_phi= -2.313
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Jet Grooming

Undo the last
clustering step

Trimming

Sadia Khalil, DPF, Fermilab, USA, Jul-Aug, 2017

* Pruning - recluster. Throw out
subjets requiring that each
recombination satisfy

min(pri, pra)

> 0.1
PTp
m.
ARy < 0.5 x —2&
pT

o Soft drop - decluster. Throw out
subjets which do not satisfy

Soft Drop Condition:

min(pr1, pr2) ARy \”
> Zcut
pr1 + Pr2 Ro
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top-tagging
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11 I 1 11 B
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11 1 I 11
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2

m, 5 (GeV/c)

Reconstruct the two B hadrons from the b and b within

the same

Double tagger

fat jet

AR<0.8

CMS Simulation Preliminary

(13 Tev)

g‘ ~ — double-b-tag
% " — Subjet CSVv2
o ' — Fatjet CSWw2
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g
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D-|ets

« Combined Secondary Vertex version 2 algorithm: secondary vertex and track-based lifetime
informations

e secondary vertex information is obtained with the Inclusive Vertex Finder algorithm

e combines the variables with a neural network

Displaced tracks @ primary vertex

B pile up vertex

) secondary vertex distance of points of closest
reconstructed track approach on the
» . . b-flight-line and on the track
K c-flight-line -
YV S @ - - - e o— & ___
N —_— S
proton bunch B proton bunch el } ““u Tertiary Vertex
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d reconstructed only one track
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O ] close to b-flight-line
1
=o =P — weakly decaying b, ¢ (b-c chain) and the
o s principle of the TertiaryVertexTrackFinder TVTF.
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Parton level
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\ Particle Jet

p

Energy depositions
In calorimeters

 Need a “jet algorithm” to associate the
charged/neutral hadrons in a spray to
initial quarks and gluons

dijet event
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Negative vector sum of energies of all
final state particles

lepton+neutrino event

CMS Experiment at LHC, CERN S
Data recorded: Wed Jul_8 23:50:40 2015 CEST CMS
Run/Event: 251251 / 39089589 X
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