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 Long Shutdown 2 (Phase-1 upgrade) preparing Run 3
— Luminosity at 2 x 1034/cm?2/s, possible increase to Vs=13.6 or 14 TeV

 Long Shutdown 3 (Phase-2 upgrade) preparing HL-LHC
— Luminosity at 7.5 x 1034/cm2/s at \Vs=14 TeV
— Large data samples and major experimental challenges
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Run 2 extraordinary
exploration of the high-energy
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A New Understanding of
Particle Physics

Overview of CMS EXO results

CMS preliminary

36-140 fb~1 (13 TeV)

String resonance M 0.5-8.1 1911.03947 (2j) 137 fb~!
Zy resonance M 0.35-4 1712.03143 (2p+1y; 2e + 1y; 2j + 1y) 36 fb~!
Higgs y resonance M 072-325 1808 (1j +1y) 36 fb~!
3 Color Octect Scalar, M 055=3177 1911.03947 (2j) 137 fb-!
& Scalar Diquark M 0/527/5" 1911.03047 (2j) 137 b1
tt+ ¢, pseudosc s %.% BR($-2t)> =0.03(0.004) M 0.015-0.075 1.04968 (3£, = 4f) 137 fb~!
ft+ ¢, pseudoscalar % BR($~2 M 0.108-0.34 1011.04968 (31, = 4f) 137 fb-1
quark compositeness (gg) <1287 1803.0803 (2j) 36 fb~!
2 quark compositeness <20 1812.10443 (21) 36 fb~!
Y. quark compositeness (g <1757 1803.0803 (2j) 36 fb~!
g e quark compositeness (1), Nuss =327711812.10443 (21) 36 fb~!
£ Excited Lepton Contact Interaction M 0225167 2001.04521 (2e + 2j) 77 b1
Excited Lepton Contact Interaction M 02-57 77 b1
(axial-)vector mediator (yx), 9. =025.9 M <18 345 (= 1j + ET 36 fb-!
(axial-)vector mediator (94), g,=0.25, 9 M 0.5-28 1911.03947 (2j) 137 fb‘1
scalar mediator (+t/th), g,, 1,m,=1GeV M <0.29 1901.01553 (0, 1f + =3j +E7"™) 36 fb~!
5 pseudoscalar mediator (+ , 94 Gou=1m, M <03 19 1553 (0,1 + =3j+ET™) 36 fb~!
E scalar mediator (fermion portal), A.=1,m, M ) 36 fb_l
x complex sc. med. (dark QCD), m,, M 36 fb~!
a Baryonic Z', g4= 0.25.9. M 01713 (h +ET™) 36 fb~!
Z'-2HDM, g-=0.8,9 M 05-32 1908.01713 (h +ET™) 36 fb_1
vector mediator (gg), M 0.35-07 11.03761 (= 3j) 18 fb-!
Leptoquark mediator, 8=1,8=0.1, A M 03=0/6  1811.10151 (1p+1j+ EJ™) 77 b1
RPV stop to 4 quarks M 008=0527 1808.03124 (2j;4j) 36 fb~!
RPV squark to 4 quarks M 01-072 1806.01058 (2j) 38 fb-!
; RPV gluino to 4 quarks M 01-141 | 1806.01058 (2j) 38 fb-!
RPV gluinos to 3 quarks M =157 1810.10092 (6j) 36 fb-!
ADD (j) HLZ, nec M =12))] 1803.0803 (2j) 36 fb~!
ADD (yy. #) HLZ, M 2013111812.10443 (2y, 21) 36 fb!
M 2097 1712.02345 (= 1j + E5*™) 36 fb~!
E M <8121 1803.0803 (2j) 36 fb~!
£ u 25161 1802.01122 (ep) 36 fb~!
g u 81 1809.00327 (2y) 36 fb~1
a M =59 1803.0803 (2j) 36 fb-!
g N (ep) 36 fb-!
non-rotating BH, Mo = 4 TeV, nec = 6 M <97 1805.06013 (= 7j(L,v)) 36 fb-!
split-UED, p=4 TeV R ) 36 fb~!
RS Gux(qq. 99). kil = 0.1 M 137 fb~!
excited light quark (gy) =LA=m; M 1-55 1711.04652 (y+j) 36 fb-!
E excited b quark, f: A=m, M 1-18 36 fb~!
E'E excited light quark (gg), A M 1.03947 (2j) 137 fb~!
R excited electron, f; M 03052 (y + 2e) 36 fb-1!
excited muon, f. M 052 (y + 2p) 36 fb‘l
A WISM, |V. M 0.001-1.43 02965; 1806.10905 (3£(p, e); = 1j + 2{(p, e)) 36 fb~!
=5 WISM, |V. M 002-16 1806.10905 (= 1j+p+e) 36 fb~1
$E Type-lll seesaw heavy fermions, Flavor-democratic M <0.88 1.04968 (31, = 4f) 137 fb~!
& Vector like taus, Doublet M 0.12-079  1905.10853 (34, =4f, =17 +2f) 77 fb-1
(pair prod.), coupling to 1** gen. fermions, 8 =1 M <144 18 e+ 2j) 36 fb~!
(pair prod.), coupling to 1** gen. fermions, 8 =0.5 M <1.27 1811.01197 (2e+ 2j;e + 2j + ET'™) 36 fb~!
g (pair prod.), coupling to 2™ gen. fermions, 8 =1 M <1.53 1808.05082 2pu+2j) 36 fb~!
g lar LQ (pair prod.), coupling to 2™ gen. fermions, B =1 M 08-15 18 0151 (Qp+1j+EF™) 77 b1
‘E. lar LQ (pair prod.), coupling to 2™ gen. fermions, B =05 M <1.29 1808.05082 (2pu+2j; p+ 2j +E7™) 36 fb~!
3 scalar LQ (pair prod.), coupling to 3 gen. fermions, B=1 M <102 1811.00806 (2T +2j) 36 fb~!
scalar LQ (single prod.), coup. to 3" gen. ferm., B =1,A =1 M <0.74  1806.03472 2T +b) 36 fb-!
Zs, narrow resonance M 0.0115-0.075 1912.04776 (2p) 137 fb~!
Z,, Narrow resonance M 0.11-0.2 1912.04776 (2p) 137 fb~!
SSMZ'(gg) M 05-2.9 137 fb!
@ Z'(qg) M 0.01-0.125 1905.10331 (1j, 1y) 36 fb~1
§ Superstring Z, M 140 fb~1
] LFVZ', BRley % M 36 fb~!
& Leptophobic Z ¥ 0.05-0.45 04114 (2) 78 fb-1
& SSMW(tv) M ) 36 fb!
z SSMW'(tv) M 36 fb~!
3 SSMW'(q4) M 05-36 137 fb~!
LRSM W=l M ; 36 fb~!
LRSM Wz(TN= M <35 1811.00806 (27 +2j) 36 fb~!
Axigluon, Coloron, cotd M 05-6.6 03947 (2j) 137 fb!
L L L

01

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included)
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV

A New Understanding of
Particle Physics

ATLAS Heavy Particle Searches” - 95% CL Upper Exclusion Limits ATLAS Preliminary

Status: July 2021 £ dt = (3.6-139) fbo! V5 =8,13TeV
Model {,y Jetst ET™ [rdt[fb™] Limit Reference
T T T T T T T T T T T T T T T
'g ADD Gkk + g/q Oe,ut,y 1-4j Yes 139 Mp 11.2TeV n=2 2102.10874
KS) ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n =3 HLZ NLO 1707.04147
2  ADDQBH - 2] - 37.0 | Mu 89TeV n=6 1703.09127
[} ADD BH multijet - >3] - 3.6 M., 9.55TeV n=6, Mp=3TeV,rot BH 1512.02586
£ RS1Gkk >y 2y - - 139 | Gk mass 45TeV k/Mp = 0.1 2102.13405
° Bulk RS Gk —» WW/ZZ multi-channel 36.1 Gkk mass 2.3 TeV k/Mp; = 1.0 1808.02380
£ BukRS Gk — WV - fvgq 1eu 2j/1J  Yes 139 | Gkk mass 2.0 TeV k/Mp =1.0 2004.14636
ﬁ Bulk RS gk — tt leu 21b,21J2) Yes  36.1 gKk Mass 3.8 TeV r/m=15% 1804.10823
2UED / RPP 1epu >2b, >3] Yes 36.1 KK mass 1.8 TeV Tier (1,1), B(AWD - tt) =1 1803.09678
SSM Z" — ¢t 2e,u - - 139 Z’ mass 5.1 TeV 1903.06248
» SSM Z" —» 17 27 - - 36.1 Z’ mass 2.42 TeV 1709.07242
g Leptophobic Z” — bb - 2b - 36.1 Z’ mass 2.1 TeV 1805.09299
@ Leptophobic Z” — tt Oe,u >1b,>2J Yes 139 Z’ mass 4.1 TeV r/m=1.2% 2005.05138
8 SSMW’ -y Teu - Yes 139 | W’ mass 6.0 TeV 1906.05609
[ SSM W’ - 1v 17 - Yes 139 W’ mass 5.0 TeV ATLAS-CONF-2021-025
g’ SSM W’ — tb - >1b,>1J - 139 W’ mass 4.4 TeV ATLAS-CONF-2021-043
[ HVT W' —» WZ — fvqgmodel B 1e,u 2j/1J Yes 139 W’ mass 43 TeV gv =3 2004.14636
V) HVT Z’ - ZH model B 0-2eu 1-2b Yes 139 Z’ mass 3.2Tev gv =3 ATLAS-CONF-2020-043
HVT W — WH model B Oe,u >1b,>2J 139 W’ mass 3.2 TeV gv =3 2007.05293
LRSM Wk — uNg 2p 1J - 80 | Wg mass 5.0 TeV m(Ng) = 0.5TeV, g = gr 1904.12679
Cl gqqq - 2j - 37.0 A 21.8TeV 1, 1703.09127
_ Clttqq 2eu - - 139 | A 358TeV. 7, 2006.12946
O ' Cleebs 2e 1b - 139 |a 1.8 TeV g =1 2105.13847
Cl pubs 2u 1b - 139 A 2.0 TeV g =1 2105.13847
Cl tett >teu >21b>1j Yes 361 [A 2.57 TeV |Cael = 4 1811.02305
Axial-vector med. (Dirac DM) Oeu, 1,y 1-4j Yes 139 Myed 2.1 TeV 84=0.25, g, =1, m(x)=1 GeV 2102.10874
s Pseudo-scalar med. (Dirac DM) Oe,u, 7,y 1-4j Yes 139 Mped 376 GeV gq=1, gy=1, m(x)=1 GeV 2102.10874
(&) Vector med. Z’-2HDM (Dirac DM) 0O e, u 2b Yes 139 Mmed 3.1 TevV tanp=1, gz=0.8, m(y)=100 GeV ATLAS-CONF-2021-006
Pseudo-scalar med. 2HDM+a  multi-channel 139 Mpmed 560 GeV tanp=1, g,=1, m(x)=10 GeV ATLAS-CONF-2021-036
Scalar reson. ¢ — ty (DiracDM) 0-1e,u  1b,0-1J Yes 36.1 my 3.4 TeV y=0.4, 1=0.2, m(y)=10 GeV 1812.09743
Scalar LQ 1%t gen 2e >2j Yes 139 LQ mass 1.8 TeV B=1 2006.05872
Scalar LQ 2" gen 2p >2j Yes 139 LQ mass 1.7 TeV =1 2006.05872
O ScalarLQ 3™ gen 17 2b Yes 139 | LQ; mass 1.2 TeV B(LQY — br) =1 ATLAS-CONF-2021-008
= Scalar LQ 3™ gen Oeu  >2j,>2b Yes 139 LQ; mass 1.24 TeV BLQY > tv) =1 2004.14060
Scalar LQ 3™ gen >2epu,>17>1j,>1b - 139 | LQ? mass 1.43 TeV BLQY - tr) =1 2101.11582
Scalar LQ 3™ gen Oeu, 217 0-2j,2b Yes 139 LQZ mass 1.26 TeV B(LQY — bv) =1 2101.12527
VLQ TT - Zt + X 2e/2u/>3equ >1b,>1j - 139 | T mass 1.4 TeV SU(2) doublet ATLAS-CONF-2021-024
g«g VLQ BB —» Wt/Zb + X multi-channel 36.1 | Bmass 1.34 TeV SU(2) doublet 1808.02343
[ VLQ T5/3 T5/3\T5/3 - Wt+ X 2(SS)/>3eu>1b>1] VYes 36.1 Ts/3 mass 1.64 TeV B(Ts3 > Wit)=1, c(TssWt)=1 1807.11883
:‘}:’ g_ VLQ T — Ht/Zt 1eu >1b, >3] Yes 139 T mass 1.8 TeV SU(2) singlet, k7= 0.5 ATLAS-CONF-2021-040
vLQ Y - Wh leu >1b,>1j Yes 36.1 Y mass 1.85 TeV B(Y - Wb)=1, cr(Wb)=1 1812.07343
VLQ B — Hb Oeu >2b,>1j,>1J - 139 B mass 2.0 Tev SU(2) doublet, kg= 0.3 ATLAS-CONF-2021-018
-8 ‘é’ Excited quark g* — qg - 2j - 139 q* mass 6.7 TeV only u® and d*, A = m(q") 1910.08447
L S Excitedquark ¢* — qy 1y 1j - 36.7 q* mass 5.3 TeV only u* and d*, A = m(q") 1709.10440
S) £ Excited quark b* — bg - 1b1]j - 36.1 b* mass 2.6 TeV 1805.09299
Excited lepton v* 3eurt - - 20.3 AN=1.6TeV 1411.2921
Type Ill Seesaw 234eu >2j Yes 139 | N mass 910 GeV ATLAS-CONF-2021-023
LRSM Majorana v 2u 2j - 36.1 Ng mass 3.2 TeV m(Wg) =4.1TeV, gL = gr 1809.11105
,_ Higgs triplet H¥** — W*W#* 2,3,4 e, (SS) various Yes 139 H** mass 350 GeV DY production 2101.11961
g Higgs triplet H** — ¢¢ 234e,u(SS) - - 36.1 H** mass 870 GeV DY production 1710.09748
S | Higgs triplet H** — (7 3eut - - 20.3 DY production, B(H;* — (1) =1 1411.2921
Multi-charged particles - - - 36.1 multi-charged particle mass 1.22 TeV DY production, |q| = 5e 1812.03673
Magnetic monopoles — — — 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130
Vs=13TeV Vs =13 TeV . L L T L L T 1 1 L
partial data full data 107! 1 10

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

»:‘Smal/-radiu_g‘()/irge-radiusi i‘ets are denoted b‘ thﬁ /e“Si " “g
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/EXOTICS/

RPV UDD, §->tbs, m = 2500 GeV
RPV UDD, §-tbs, mg = 2500 GeV
RPV UDD, f-dd, m;= 1600 GeV

RPV UDD, f-dd, m;= 1600 GeV

RPV LQD, £
RPV LQD, -
RPV LQD, f-bl, m; = 1600 GeV

GMSB, §-gG, m; = 2450 GeV

GMSB, §-gG, m; =2100 GeV

Split SUSY, §-qgx?, mz = 1300 GeV

Split SUSY (HSCP), f3o = 0.1, mg = 1600 GeV
MGMSB (HSCP) tanB = 10, 4> 0 , m; = 247 GeV
Stopped £, E-tx?, mi =700 GeV

Stopped g, §-qdx?, fzo=0.1, mg = 1300 GeV
Stopped g, §-qdx3(upx?), fzo = 0.1, mz = 940 GeV
AMSB, x *=xIn*, my= =700 GeV

GMSB SPS8, x{-YG, mye = 400 GeV

RPC

H-XX(10%), X~ee, my =125 GeV, my = 20 GeV
H-XX(10%), X-uu, my =125 GeV, mx =20 GeV
H-XX(10%), X~bb, my = 125 GeV, my = 40 GeV
dark QCD, mp,, =5 GeV, my,, = 1200 GeV

Other

Focus on Long Lived
Particle Physics

ATLAS Long-lived Particle Searches* - 95% CL Exclusion

ATLAS Preliminary

Status: July 2021 [L£dt=(18.4-139) fo! V5=8,13TeV
Model Signature  [£dt [fb™] Lifetime limit Reference
T T T T T — T T T T T T T —TTTT
RPV# — uq displaced vtx + muon 136 i lifetime 0.003-6.0 m m(f)=1.4TeV 2003.11956
RPV v{ — eev/euv/uuv  displaced lepton pair  32.8 X‘; lifetime 0.003-1.0 m m(g)=1.6 TeV, m(x})= 1.3 Tev 1907.10037
GGMy? - ZG displaced dimuon 32.9 )(E lifetime 0.029-18.0 m m(g)=1.1TeV, m(x3)=1.0 TeV 1808.03057
GMSB non-pointing or delayedy  20.3 X‘l’ lifetime _ SPS8 with A= 200 TeV 1409.5542
GMSB 7 — (G displaced lepton 139 7 lifetime 6-750 mm m(f)= 600 GeV 2011.07812
> GMSB % — G displaced lepton 139 7 lifetime 9-270 mm m(7)= 200 GeV 2011.07812
()]
c:,’, AMSB pp — yiy} x{x;  disappearing track 136 | ] lifetime 0.06-3.06 m m(y})= 650 GeV ATLAS-CONF-2021-015
AMSB pp — x30,xfx;  large pixel dE/dx 18.4 | X% lfetime . 131:90m m(x;)= 450 GeV 1506.05332
Stealth SUSY 2 MS vertices 36.1 $ lifetime 0.1-519 m B(g — Eg): 0.1, m(g)= 500 Ge' 1811.07370
Split SUSY large pixel dE/dx 36.1 g lifetime >0.9m m(g)= 1.8 TeV, m(y9)= 100 GeV 1808.04095
Split SUSY displaced vix + E.,'l“ss 32.8 g lifetime 0.03-13.2 m m(g)=1.8TeV, m(y})= 100 GeV 1710.04901
Split SUSY 0¢,2-6jets JrE;“‘55 36.1 g lifetime 0.0-2.1m m(g)=1.8TeV, m(y$)=100 GeV | ATLAS-CONF-2018-003
H—ss ID/MS vix, low EMF/trk jets 36.1 s lifetime 0.12-116 m m(s)= 25GeV 1911.12575
VH with H — ss — bbbb 2( + 2 displaced vertices 139 | s lifetime 3.6-62mm m(s)= 25 GeV 2107.06092
X
o
S | FRVZH -2y + X 2 e, ujets 203  |[FAliehifg o-3 mm m(ya)= 400 MeV 1511.05542
[}
@ | FRVZHo2y,+X 2 j-jets 36.1 | ya lifetime 1.5-307 mm m(y4)= 400 MeV 1909.01246
%)
'é,, FRVZH — 4yq + X 2 u-jets 36.1 4 lifetime 3.7-178 mm m(yq)= 400 MeV 1909.01246
I H— Z4Z4 displaced dimuon 32.9 Z4 lifetime 0.009-24.0 m m(Zy)= 40 GeV 1808.03057
H—- ZZy4 2 e,y + low-EMF trackless jet36.1 2,4 lifetime 0.21-52m m(Zy)=10 GeV 1811.02542
®(200 GeV) = ss low-EMF trk-less jets, MS vtx 36.1 s lifetime 0.41-51.5m o x B=1pb, m(s)= 50 GeV 1902.03094
=
% $(600 GeV) - ss low-EMF trk-less jets, MS vix 36.1 s lifetime 0.04-21.5m o x B=1pb, m(s)=50 GeV 1902.03094
A
Overview of CMS long-lived particle searches gl=time 006524m, 7 x5= 190 m(s)=150GeV| 190203094
CMS Preliminary 3-140 fb~1 (8, 13 TeV) N lifetime 0.44-37 mm m(N)=5 GeV, LNC 1905.09787
g CMS-PAS-EX0-19-013 (Disp. vertices) [IIONO0G=003% 1400 (13 Te | Iy ffgtime 0.6422 mm m(N)= 5 GeV, LNV 1805.00787
g 2012.01581 (Displaced jets) [NOT00S=1 132 b1 (13 Tev P Pl | e el sl sl L
i CMS-PAS-EX0-19-013 (Disp. vertices) 0100035 =0/08/| 140 fb! (13 Tev
i 2012.01581 (Displaced jets) [N 0002=182m| 132 fb~1 (13 Tev 0.01 0.1 1 10 100 CT m]
3 36 fb~* (13 TeV)
i CMS-PAS-EX0-16-022 (Disp. e + disp. 1) [ OI0005 =01 3fb71 (13 Tev)
i 2012.01581 (Displaced jets) [IN0005=0241m] 132 fb~? (13 Tev ——ttrtal el el 1l Lol PR T T A
0.01 0.1 1 10 100
g 2012.01581 (Displaced jets) 0.006-0.55 m 132 bt (13 TeV -
§ 1906.06441 (Delayed jet + MET) 0.32-34m 137 fb~! (13 Tevm_ ns
§ 1802.02110 (Jets + MET) <lm 36 fb~! (13 Tev)
§ CMS-PAS-EX0-16-036 (dE/dx) >0.7m {13 b1 (13 Tev)
7 CMS-PAS-EX0-16-036 (dE/dx + TOF) >7.5m {13 fb~! (13 Tev)
i 1801.00359 (Delayed jet) 60=1:5e+13'm (39 fb~! (13 Tev)
§ 1801.00359 (Delayed jet) 50-3e+13m (39 fb~! (13 Tev)
P 1801.00359 (Delayed pp) 600-3.3e+12m (39 fb! (13 TeV)
x* 2004.05153 (Disappearing track) 0.7-30 m 140 fb~1 (13 Tev
X 1909.06166 (Delayed y(y)) 02-6m 77 fo! (13 TeV)
X 1411.6977 (Displaced dielectron) 0.00012-25 m 20 fb~1 (8 TeV)
X 1411.6977 (Displaced dimuon) 0.00012-100 m 20 fb™1 (8 TeV)
X 2012.01581 (Displaced jets) 0.001-0.53 m 132 fb~ (13 Tev
Xo 1810.10069 (Emerging jet + jet) 0.0022-0.3 m 16 fb~* (13 TeV)
L L L L L
1077 1073 1073 107! 10t 103
ct [m]

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included). The y-axis tick labels indicate the studied long-lived particle.

Prospects for BSM at LHC - PANIC 2021

Moriond 2021

o CMS EXOTICA Summary 2021 ATLAS EXOTICA Summary 2021


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/EXOTICS/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV
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Planning up to Run 3

* Reach search program in preparation for run 3

Prospects for BSM at LHC - PANIC 2021



Trigger Developments for Run 3:ATLAS

 ATLAS New Small Wheel: Fast readout and precision tracking resolution

Detector sandwich: TGC-MM-MM-TGC

Spacer — 40 mm

sTGC — 70 mm

Double faced drift — 20 mm

LR essstmmmetEEROT
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Trigger Developments for Run 3:ATLAS

 ATLAS New Small Wheel: Fast readout and precision tracking resolution

Detector sandwich: TGC-MM-MM-TGC

- r Spacer — 40 mm
sTGC — 70 mm

Double faced drift — 20 mm

IR e et TERa—_—

Layer 3
AnxA® = 0.1x0.1

Super Cells

e ATLAS LAr L1:Coarse trigger
towers replaced by super cells:
Improved fake rejection and

maintain low EM frigger
thresholds

Layer 2
AnxA® = 0.025x0.1

Layer 1
AnxA® = 0.025x0.1 10

Layer O 0
AnxA® = 0.1x0.1

Prospects for BSM at LHC - PANIC 2021 10




Trigger Developments for Run 3:CMS

 New handles at CMS L1 frigger on objects that do not come from the primary
vertex
— Target long-lived particle (LLP) signatures

HCAL Barrel 3m HP
18 171 18
A E \ \‘l\;\ : \ \ \ ‘\‘ ' . 3 <
| :E | l
T o lenpected = o  LLPs using HCAL timing, depth+H/E
T — Target displaced jets that would be
sam B T otherwise missed due to high frigger
ndcap
lp Ly thresholds (e.g. HT360)
At = —+—— Lexpected
Ve €

Prospects for BSM at LHC - PANIC 2021
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Trigger Developments for Run 3:CMS

 New handles at CMS L1 frigger on objects that do not come from the primary
vertex
— Target long-lived particle (LLP) signatures

HCAL Barrel 3m HP
18 17 ~16
19| | =
200 TR T = e
21 \\\\\:\ q : \\\~ S \\ \\ \\ \‘\ ‘1‘ < b
22( T ™ ~ - -0
23T T .
24::\\ ~ l . o e
g iy . Lexpected =  LLPs using HCAL timing, depth+H/E
27+ - . .
28{ [T : — Target displaced jets that would be
5.7m 2 O T otherwise missed due to high trigger
HCAL Endcap
lp Ly thresholds (e.g. HT360)
At = —+—— Lexpected
Ve €

e New CMS L1 Muon system algorithm including also GEM chambers

/E/ «.DT  CSC RPC\
P Scalar boson Phi f —= = = — :
¢ _z%"7 f
~Ss f
p Long-lived particles “s” ,;

Prospects for BSM at LHC - PANIC 2021 12




Unconventional Dafa Taking

e Novel idea to circumvent bandwidth limitation w/ partial event building

e Going beyond the 1-kHz limit in two ways:

ATLAS-CONF-2016-030

TLA/Offline (j110)

- “data scouting” — saving only objects reco’d af frigger level
- “data parking” — offline reconstruction is delayed.

— e TLA jeis |
——— Offline jets selected by any single-jet trigger
—— Offline jets selected by j110 single-jet trigger
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https://cds.cern.ch/record/2161135/files/ATLAS-CONF-2016-030.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/EXOTICS/ATLAS_DarkMatterCoupling_Summary/ATLAS_DarkMatterCoupling_Summary.png

Keep an eye on the ofther
side of the ring

e Most spectacular example of vector portal address SM problems: dark

photon

90% CL exclusion regions on [m(A’), £?]
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10
m(A") [GeV |
e [f epsilon < 10> A’ can be long-lived
 Main challenge for ATLAS/CMS is triggering and discriminating

backgrounds
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.061801

Muon Scouting at CMS

90% CL exclusion regions on [m(A") =

2]

1 LHCb prompt
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Muon Scouting at CMS$
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https://cds.cern.ch/record/2703964

Novel analysis fechniques

e Multivariate jet tagger using

deep nevural network

q
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-013/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-064/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-57/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-014/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-012/

Novel analysis fechniques
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-043/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-013/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-064/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-57/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-014/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-012/

New forward detectors
have their say

CMS central detector
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 Significant extension to the physics reach by tagging and measuring
momentum and emission angle of very forward protons
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New Physics in Phofon
Collisions at LHC

e Forward detectors offer a unique opportunity to probe yy and gluon-
gluon collisions

e Complete measurement of the final state

 Example: Inelastic Dark Matter
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https://arxiv.org/pdf/1811.06465.pdf

Looking forward for High Lumi

LS3 14 TeV

energy

HL-LHC
installation

2026 2027 2040

5 to 7.5 x nominal Lumi,
1

ATLAS - CMS —

HL upgrade
integrated EAULRIR
luminosity EEIl0R{
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HL LHC Physics Opportunities

e Large data sample:
- Lower experimental uncertainties

 New tools for searches:

- timing information

- extended fracking for forward
boosted physics

- new ftrigger strategies

e Common Effori

CERN-LPCC-2018-05

European Strateqy

SNowMass2021

Prospects for BSM at LHC - PANIC 2021
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https://arxiv.org/abs/1812.07831
https://snowmass21.org/theory/bsm
https://twiki.cern.ch/twiki/pub/LHCPhysics/HLHELHCWorkshop/report.pdf

Accumulating data

* High mass sensitivity dominated by statistics and object performance
at high energy
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-044/

Accumulating data

* High mass sensitivity dominated by statistics and object performance
at high energy

e Hadronic channels dominated by top final states
- Phase2 improved b-
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https://cds.cern.ch/record/2649032?ln=it

Being inspired by Run 2

e Pattern of interlinked anomalies
emerged in experimental studies of LFU

+ 7;L LC} 1_1} K+
b —=<— S
e Renewed interest In \ :

Models with third R A .
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https://cds.cern.ch/record/2645611
https://arxiv.org/abs/2103.11769

Being inspired by Run

e Broad program underway, for both scalar and vector LQs

op — LQgLQg, all contours at 95 % confidence level June 2021
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-017/
https://cds.cern.ch/record/2772855/files/ATL-PHYS-SLIDE-2021-254.pdf
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https://cds.cern.ch/record/2302625/files/ATL-ITK-SLIDE-2018-073.pdf

Displaced Tracks af HL-LHC

e Higher reco efficiency
with ITk detector

* Improved geometry
and larger volume w/
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-033/

CMS New MIP Timing Detector

e Significant PU
contamination and whole seam
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https://cds.cern.ch/record/2667167?ln=it

Displaced Photons w/ MTD
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https://cds.cern.ch/record/2667167?ln=it

Being creafive with

 Reconsiructed vertex to
measure the TOF of LLPs

e

NS

« Kinematic closure: direct
measurement of the LLP mass
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Neutralino mass reconstruction

 Stop production with LL nevtralino decaying into Z and Gravitino

CMS Phase-2 Simulation 14 TeV
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https://cds.cern.ch/record/2667167?ln=it

Conclusions

e Run3 and HL-LHC will significantly increase physics reach of ATLAS/
CMS experiments

e Extensive detector upgrades will preserve performance and provide
new capabilities
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