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ATLAS Exotics Searches” - 95% CL Upper Exclusion Limits ATLAS Preliminary

Status: May 2019 [£dt = (3.2-139) fbot V5 =8,13 TeV
Model {,y Jetst ET™ [rdii] Limit Reference
L] L] LI ) I L] L] L] L] L] L] L] I L] L] L] L] L] L] LI ) I L] L] L] L]
ADD Gk +g/q Oe,u 1-4j  Yes 361 Mp 7.7 TeV n=2 1711.03301
2 ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n=3HLZNLO 1707.04147
.S ADDQBH - 2j - 37.0 | Mu 89TeV n=6 1703.09127
2 ADD BH high ¥, pr >lepu >2j - 3.2 M 8.2 TeV n=6,Mp =3TeV,rot BH 1606.02265
GEJ ADD BH multijet - >3j - 3.6 Mg, 9.55TeV n=6, Mp=23TeV,rot BH 1512.02586
S RS1 Gkk — vy 2y - - 36.7 Gkk mass 4.1 TeV k/Mp; = 0.1 1707.04147
© Bulk RS Gk —» WW/ZZ multi-channel 36.1 Gkk mass 2.3TeV k/Mp = 1.0 1808.02380
g Bulk RS Gk — WW — qqqq Oe,u 2J - 139 Gkk mass 1.6 TeV k/Mp =1.0 ATLAS-CONF-2019-003
w Bulk RS gk — tt Te,u >1b,>1J/2) Yes 36.1 gkk Mass 3.8 TeV I/m=15% 1804.10823
2UED / RPP leu 22b,23j Yes 36.1 KK mass 1.8 TeV Tier (1,1), B(AWD - tt) =1 1803.09678
SSM Z’ — ¢t 2ep - - 139 Z’ mass 5.1 TeV 1903.06248
» SSMZ' -» 17 21 - - 36.1 Z’ mass 2.42 TeV 1709.07242
g Leptophobic Z — bb - 2b - 36.1 Z’ mass 2.1 TeV 1805.09299
a Leptophobic Z’ — tt lepu >1b >1J/2 Yes 36.1 Z’ mass 3.0 TeV rm=1% 1804.10823
Qo SSM W’ — ¢ty lep - Yes 139 W’ mass 6.0 TeV CERN-EP-2019-100
S  SSMW -1y 17 - Yes 361 | W’ mass 3.7 TeV 1801.06992
g HVT V' - WZ — qqqq model B O e, u 2J - 139 V’ mass 3.6 TeV gv =3 ATLAS-CONF-2019-003
(O] HVT V' - WH/ZH model B multi-channel 36.1 V’ mass 2.93 TeV gv=3 1712.06518
LRSM Wg — tb multi-channel 36.1 Wg mass 3.25 TeV 1807.10473
LRSM Wgr — uNg 2u 1J - 80 WR mass 5.0 TeV m(Ng) =0.5TeV, g = gr 1904.12679
- Cl qqqq - 2j - 37.0 A 21.8 TeV 7, 1703.09127
QO  Clétqq 2eu - - 36.1 A 40.0 TeV 7, 1707.02424
Cl tttt 21 eu >1b,>1] Yes 36.1 A 2.57 TeV |Cae| = 4n 1811.02305
Axial-vector mediator (Dirac DM) Oe,u 1-4j Yes 36.1 Mpmed 1.55 TeV g4=0.25, g,=1.0, m(y) = 1 GeV 1711.03301
S Colored scalar mediator (Dirac DM) 0 e, u 1-4j Yes 36.1 Mmed 1.67 TeV g=1.0, m(y) =1 GeV 1711.03301
Q VVxx EFT (Dirac DM) Oe u 1J,<1j  Yes 3.2 M, 700 GeV m(y) < 150 GeV 1608.02372
Scalar reson. ¢ — ty (DiracDM) O-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 15t gen 12e >2j Yes 36.1 LQ mass 1.4 TeV B=1 1902.00377
a Scalar LQ 2" gen 1,2 >2j Yes 36.1 LQ mass 1.56 TeV =1 1902.00377
= ScalarLQ 3" gen 27 2b - 361 |LQymass 1.03 TeV B(LQY - br) =1 1902.08103
Scalar LQ 3" gen 0-1epu 2b Yes  36.1 | LQSmass 970 GeV BLQL > tr) =0 1902.08103
VLQ TT — Ht/Zt/Wb+ X  multi-channel 36.1 T mass 1.37 TeV SU(2) doublet 1808.02343
s »w VLQBB - Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343
% ‘% VLQ Ts5/3Ts3|Ts3 = Wt + X 2(SS)/>3 eu >1b,>1]  Yes 36.1 Ts/3 mass 1.64 TeV B(Tsi3 > Wt)=1, c(Ts3Wt)=1 1807.11883
i’ 8_ VLQY - Wb+ X le,u =21b,>1j Yes 36.1 Y mass 1.85 TeV B(Y - Wh)=1, cg(Wh)=1 1812.07343
VLQ B - Hb+ X Oeu,2y >21b,>1j Yes 79.8 B mass 1.21 TeV kg=0.5 ATLAS-CONF-2018-024
VLA QQ — WqWq Teu 24)  Yes 203 [lQMESIsoocEv 1509.04261
S @ Excited quark g* — qg - 2j - 139 q* mass 6.7 TeV only u* and d*, A = m(q*) ATLAS-CONF-2019-007
i} 5 Excited quark g* — qy 1y 1j - 36.7 q* mass 5.3 TeV only u* and d*, A = m(q*) 1709.10440
<;> g Excited quark b* — bg - 1b, 1] - 36.1 b* mass 2.6 TeV 1805.09299
Excited lepton v* 3eut - - 20.3 A=1.6TeV 1411.2921
Type Il Seesaw leu >2j Yes 79.8 NO mass 560 GeV ATLAS-CONF-2018-020
LRSM Majorana v 2u 2j - 36.1 Ngr mass 3.2 TeV m(Wg) =4.1TeV, gL = gr 1809.11105
oy Higgs triplet H** — ¢¢ 2,346 u(SS) - - 36.1 ** mass 870 GeV DY production 1710.09748
= Higgs triplet H** — ¢r 3eut _ _ 20.3 DY production, B(H* — (1) =1 1411.2921
O Multi-charged particles - - - 36.1 multi-charged particle mass 1.22 TeV DY production, |g| = 5e 1812.03673
Magnetic monopoles - - - 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130
vg=13-|-ev v_=13-|-ev Lol 1 1 1 1 Lol 1 1 1 1 r ool 1 1 1 1
partial data full data 1071 1 10
Mass scale [TeV]



33, §—q%) 0 26jets Yes  36.1 m(E)<200 GeV, m(1* gen. )=m(2* gen. 3 171202332

3,3~V (compressed) monojet  1-3jets  Yes  36.1 m(@)-m(t])<5GeV 1711.03301

28, §—qat) 0 26jels  Yes  36.1 miE?) <200 GeV 171202332

2, 3—qq¥i —gqW* | 0 26jets  Yes 361 m(F) <200 GeV, m(¥*)=0.5(m(¥’)+miz)) 171202332

28, gL ee, 2jets  Yes 147 m(¥})<300 GeV, 1611.05791

2, g—-qq(a/wnr" Sep 4jets - 361 miE})=0Gev 1706.03731

28, g—oquZY. 0 7-11jets  Yes 36.1 HM) <400 GeV 1708.02794

GMSB (7 NLSP) 127+01¢ 02jets Yes 32 1607.05979

GGM (bino NLSP) 2y - Yes  36.1 ¢r(NLSP)<0.1mm ATLAS-CONF-2017-080

GGM (higgsino-bino NLSP) Y 2jets  Yes  36.1 m(E1)=1700 GeV, cr(NLSP)<0.1 mm, 4>0 ATLAS-CONF-2017-080

Gravitino LSP 0 mono-jet  Yes  20.3 m(G)>1.8 x 10 eV, m(g)=m(§)=1.5TeV 1502.01518

8, §—bbi| 0 3b Yes  36.1 mii}) <600 GeV 1711.01901

8, gt} 0-1ep 3b Yes  36.1 m(¥})<200 GeV 1711.01901

by by, by —.la'f‘,’ 0 2b Yes 36.1 m(¥})<420 GeV 1708.09266

biby, by—iX7 26u(SS)  1b Yes  36.1 m(E})<200 GeV, m(¥})= m(i})+100 GeV 170603731

fify, f=b¥] 0-2e.p 1-2b Yes 4.7/13.3 m(E}) = 2m(E}), m(¥])=55 Gev 1209.2102, ATLAS-CONF-2016-077

i, c.—»be" or et 026 0-2jets/1-2h Yes 20.3/36.1 m(t)=1GeV 1506.08616, 1709.04183, 1711.11520

iiiy, = 0 mono-jet  Yes  36.1 mi7,)-m(t])=5GeV 1711.03301

i1 (natural GMSB) 2eu(2) 1b Yes 203 m(E})>150 GeV 1408 5222

hib, h=iy +Z 3epu(2) 1b Yes  36.1 m(t})=0GeV 1706.03986

i, =iy +h 1-2ep 4b Yes  36.1 m(})=0GeV 1706.03986

i rlLg, i—e0) 2ep 0 Yes  36.1 miEd)=0 ATLAS-CONF-2017-039

X1XT, X] = Ev(tw) 2ep 0 Yes  36.1 mE})=0, m(Z, #)=0.5(m(¥] ) +m(E])) ATLAS-CONF-2017-039

ViR X9, X} = #v(9), Da—Fr0r7) 2r - Yes  36.1 m(E?)=0, m(#, 7)=0.5(m(¥} Jem(i%) 170807875

KT =2 vl L), 650 L) Sepn 0 Yes  36.1 m(E)amiE3), m(E})=0, m(Z, #)«0.5(m(] ) +m(i})) ATLAS-CONF-2017-039

B wi|ze) 23epu  O2jets  Yes  36.1 miE} )=m(E3), m(E))=0, 7 decoupled ATLAS-CONF-2017-039

x‘x"-owt’m‘.’. h—sbb/WW/rt/yy ey 02b  Yes 203 m(E} )em(E3), m(¥})=0, 7 decoupled 150107110

0208, 125 —lnt dep 0 Yes 203 m(E2)=m(e3), m(E])=0, m(Z, 7)=0.5(m(E3)sm(i?)) 1405.5086

GGM (wino NLSP) weak prod., {1 —yG 1e.pu+y - Yes 203 cr<imm 1507.05493

GGM (bino NLSP) weak prod., ¥{—yG 27 - Yes  36.1 cr<imm ATLAS-CONF-2017-080

Direct ¥1.¥ prod., long-lived ¥} Disapp. trk  1jet  Yes  36.1 mit; )-miE})~160 MeV, r(f})=0.2 ns 171202118

Direct ¥} ¥} prod., long-lived ¥} dE/dx trk . Yes 184 m(E} )-m(E})~160 MeV, r(¥})<15 ns 1506.05332

Stable, stopped ¢ R-hadron 0 1-5jets  Yes 279 m(¥7)=100 GeV, 10 us<r(z)<1000 s 1310.6584

Stable  R-hadron trk - = 32 1606.05129

Metastable g R-hadron dE/dx trk - - 32 m(t})=100 GeV, r>10 ns 1604.04520

Metastable  R-hadron, §—qgt; displ. vix . Yes 328 (#)=0.17 ns, m{i}) = 100 GeV 171004901

GMSB, stable 7, ¥|—#(@,fi)+r(e. ) 124 - - 194 10<tang<50 1411.6795

GMSB, ¥]=G, long-lived &' 2y . Yes 203 1<1(¥})<3 ns, SPS8 model 14095542

28, X\ —eev/epv/upy displ. ee/ep/pp - - 203 7 <er(¥})< 740 mm, m()=1.3 TeV 1504.05162

LFV pp—vr + X, ve—ep/et/ut ep et ut - - 3.2 A3y =0.11, Ais2px323=0.07 1607.08079

Bilinear RPV CMSSM 2e,u(SS) 03b Yes 203 m(g)=m(g), cresp<1 mm 1404.2500

XIXT, X =W, X —eev, euv, v dep . Yes 133 M(ED)>400GeV, Ay #0 (k = 1,2) ATLAS-CONF-2016-075

Xy X = WAL =1y, ey, Bep+r - Yes 203 m(E)>0.2xmik}), A1#0 1405.5086

8. 849", ¥} = gqq 0 45large-Rjets - 36.1 m(E})=1075 GeV SUSY-2016-22

28, g1V, ) = qqq Teu 810jets04b - 36.1 mOED)= 1 TeV, 4110 170408493

28, §—iyt, [y—bs lepu 810jets0-4b - 36.1 miiy)= 1 TeV, A1 #0 1704.08493

iy, [y =bs 0 2jets +2b - 36.7 171007171

N, h—bt 2epn 2h - 36.1 BR(f) —sbe /1) >20% 171005544
Other Scalarcharm, é—ci} 0 2¢ Yes 203 miE?) <200 Gev 150101325

[2018]



W-WZ (qdqdg, HVT model B)
W'-WZ (vwqq, HVT model B)
W-WZ (fvqd, HVT model B)
W'-WZ (2£qq, HVT model B)
W/-WH (qgbb, HVT model B)
W-WH (fvbb, HVT model B)
W'-WH (qqTT, HVT model B)
W' (all final states, HVT model B)
Z'-WW (qgqq, HVT model B)
Z'-WW (£vqq, HVT model B)
Z'-ZH ((£2, w)bb, HVT model B)
Z'-ZH (ggbb, HVT model B)
Z'-ZH (qgtT, HVT model B)

Z' (all final states, HVT model B)
V'-VV (qdqq, HVT model B)
V'-VH (qgbb, HVT model B)
V'-VH (qgtT, HVT model B)
V'-VV + VH (qdqq, qdbb, HVT model B)
V' (all final states, HVT model B)
Bulk G-»WW (gGqd)

Bulk G-WW (fvqd)

Bulk G-ZZ (£1wv)

Bulk G=ZZ (££94)

Bulk G=ZZ (wqq)

Bulk G-VV (adqd)

Bulk G-HH (bbbb)

Bulk G-=HH (£vqgbb, £vivbb)
Bulk G (all final states)

Radion R»WW (fvgd, A = 3TeV)
Radion R-WW (qgqq, A =3TeV)
Radion R-ZZ (vqq, A =3TeV)
Radion R-»ZZ (qdqq, A =3TeV)
Radion R-VV (qgqq, A =3TeV)
Radion R»HH (qgtt,A=3TeV)
Radion R—HH (bbbb, A = 3TeV)
Radion R—HH (£vqdbb, £vivbb, A = 3 TeV)

Z'>tt (MMz=1%)

Z/tE (T/Mz=10%)

Z'>tt (T/M2=30%)

Gx-tt (Kaluza-Klein)
Z'-tT-(tZt, tHt)

W'-tb (14, RH)

W-tb (0£, RH)

Wiostb (O£, LH)

W'-Tb/Bt (MyLq = 2/3Mw)
Wi-RW-WWW (14)
Wi—=RW—WWW (0f + 1£)
LQLQ-tuty

LQLQ-tTtT

LQLQ-bvbv

b*-tw (02, LH)

b >twW (02, RH)

b* >tW (0f, LH+RH)

b* >tW (0 + 1£, LH)
b*>tW (0f + 1£, RH)

b* StW (O£ + 1£, LH+RH)
t" " >tgtg

Stealth §-x3q4 (v + 2jets, My = 0.2TeV)
X-aa (bbbb, M, = 0.1TeV, MxN/f=8)

YY-bWbW

TT-bWbw

TT-tZtz

TT-tHtH

TT (Singlet)

TT (Doublet)

BB-tWtW

BB-bZbZ

BB-bHbH

BB (Singlet)

BB (Doublet)
Xs/3Xs/3>tWEW (Singlet)
Xs/3Xs/3-tWtW (Doublet)
Xs/3=tW (Singlet, [/Mg=30%)
T-tH (Singlet, [/Mr=10%)
T-tH (Singlet, [/Mr=30%)
T-tZ (Singlet, [/M7=10%)
T-tZ (Singlet, [/Mr=30%)
T-tZ (Doublet, [/Mr=10%)
B-bH (Doublet, [/Mg=30%)
B-tW (Doublet, [/Mg=30%)
Y_a;3=bW

My
M
My
My
My
My
My
My
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My
Mz
Mz
Mz
Mz
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Mg
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Mg
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Overview of CMS B2G Results
CMS Preliminary

March 2022
2.3-138fb™1 (13 TeV)
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O-fermion and 2-fermion operators in “Warsaw basis”

X3 0% and @1D? Y23
Qa | fAPCGGIrGSH | Q, (pTp)? Qe (") (Iperp)

& | FABCGHGEGSH | Qun | (ele)Tlele) Qug (1) (G, ?)
Qw | EWIWIrWEr || Qup | (9'D )" (¢'Dyep) || Qay (e'0) (Tpdr)
Qs 5IJKW;1/WVJpWPK,LL

X2? D2 X 202D
Qe | ¢loGAGY™ | Quv | (oe)r oWl | QY | (#liD,)B*l,)
Q.0 | #leGie | Qu| Go™e)eBu | QY | (¢1iD] o) (i,r'ywL,)
Qow | @loWLWI | Que | (g0" T u,)@ G, || Qe (WDM »)(epyer)
Qv | ¢leWLW | Quy | (G u)r W, | Q% (SOTZDM o) (@7 ar)
Qs | #9BuB” | Qus | (@0™u)FBw | Q% | (¢iD} )@ v a)
Q.5 | ¢eBuB” | Qe | (o T, )0 G4, | Qu (sO‘LzDu o) @y u,)
Qowp | oI Wi,B™ | Qaw | (o™ d )T oW, || Qua | (¢ iD, ) (dyyd,)
Qv | ¢ TeWLB™ | Qs | (40" d)¢Bu | Quua | i(F Dup)(uynd,)

Here, ¢ = H; p, 1,

- = flavor indices (so p = r -> flavor universal)




4-fermion operators in “Warsaw basis”

(LL)(LL) (RR)(RR) (LL)(RR)
Qu (Ll ) (Lsy™y) Qee (Epvuer)(esytes) Qle (Lyvulr) (Es7™ey)
W | @) @) | Que | @) (@aru) | Que | (Gyde) (@ )
w0 | @' e) (@) | Qua | (dpyud)(deyid) | Q| (Gyde)(diydy)
Qi) (Ll ) (@7 1) Qeu (epyuer) (s uy) Qqe (@pyuar)(Esy*er)
QY | Lyt L)@ @) || Qea (Epvuer)(dsydy) i (@) (Usy*uy)
QY | (@) (dy dy) & | (@ T Ag) (@ TAu,)
QY | (@ T ) (dTAdy) | QN | (Gvua)(deydy)
Q%) | (@ T4a.)(dA*TAd,)
(LR)(RL) and (LR)(LR) B-violating
Qledq (l_jer)(qug) Qduq 5aﬁ7€g [(da}TCUﬁ} [(q3j>Tle}
QW | (@u)en(@d) | Qo Py, [(a59)TCal*] [(u)TCe)
QW) o | (@T u,)en(@TAdy) || Qg e [(a57)TCalM] [(@7™) T Cly)
Qlew | (Hen)zjn(dbuy) o P (71e) (1) mn [(429)TCqf*] [(g7™)TCIY]
Q2. | (Bowe )o@ o™ u) | Qau 7 [(d2)TCuf] [(u2)Cey)

Implemented in MadGraph UFO models via SMEFTsim, SMEFT@NLO




SMEFT approach is a global approach
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Orot = OspMT Z _O’SM*dzm 6T 2 _U(dzm 6)2
i ]

( (_ ngvsonﬂ top EW ﬂ

tfv—\

KCYHD \ CHt
i (| Cuws Cun CD i |

HB C. C® oW HQ tw Operators impact
Cy R o/ o multiple pr :

w LC@ co o, o) o ultiple processes
Cro | | S WARS: Global approach
SR EWPO ), needed
Con Co Cg, g, Cou Co
o Co Ciy O C
Cor . J

Higgs —
LHC SMEFT analysis goal:

from pattern in deviations, determine A

v



SMEFT approach is a global approach
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SMEFT approach is a global approach

100k ¥ EFT MCiit - m . Global fit (EW+Higgs+WW)
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SMEFT approach is a global approach

100 7

Eigenvectors

A [TeV]
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SHUTTERSTOCH

Looking for heavy new physics
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