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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.014021

*ﬂﬂﬂd)ﬁﬁ’ﬁﬁﬂ CaloGAN Comput Softw Big Sci (2017) 1: 4
Phys. Rev. D 97, 014021 (2018)

Generative Adversarial Network (GAN)
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Discriminator
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https://link.springer.com/article/10.1007/s41781-017-0004-6
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.014021

CaloGAN: 1= Phys. Rev. D 97, 014021 (2018)

ETIINT—FFTTFv

/ Generator Discriminator \
INPUTS j \OUTPUTS OUTPUTS/Concatenation — INPUTS
1 z:::;t--» scale J ——M:I fake l*‘ :

VL_E vs.

Scalar oyl real — -

multiplication ombination u

x latent me ;
1024 space —————> = —/ ——E Minibatch s
1 ) \ c Libn‘eari Discrimination _

esize ombination

e Absolute E

' ' ' Difference -0

g W H E

LAGAN i ke N . / -a —A>¢g? Etot E;
G p RrteN N —*L:r: reco. ) =

K J:‘L ‘ / energy N L

=iy
\ EBEIHAMGANEN — R (CHE LT=E0 (.. /

Z(CATLASTENDN BGAN(CHBFENONTWND 71577
« RIFZ &E(ey, nt)CBlQDGANE L ——270

o NMFDIRIF—TERMHADT/ZGAN (p(x|E)) Ldiscriminator = Lad
¢ BIRIFE—BCDOVWTOHREZDOX(SEN TAIF=ADHH sgos e ANDIoss

I
NG

['ad

Lgenerator


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.014021
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Phys. Rev. D 97, 014021 (2018)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.014021

ATLAS COYIRADtRZE: VAE & GAN ATL-SOFT-PUB-2018-001
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-SOFT-PUB-2018-001/

GAN for Fast Simulation at ATLAS: L E

Conditional WGAN-GP

Comput Softw Big Sci 6 (2022) 7
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https://link.springer.com/content/pdf/10.1007/s41781-021-00079-7.pdf

GAN for Fast Simulation at ATLAS: Voxelization
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https://link.springer.com/content/pdf/10.1007/s41781-021-00079-7.pdf

GAN for Fast Simulation at ATLAS: f&sE
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-SOFT-PUB-2020-006/

GAN for Fast Simulation at ATLAS: GANDALIE DT Comput Softw Big Sci 6 (2022) 7
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https://link.springer.com/content/pdf/10.1007/s41781-021-00079-7.pdf

Calo Challenge 2022 Fast Calorimeter Simulation Challenge 2022
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https://calochallenge.github.io/homepage/
https://indico.cern.ch/event/1159913/
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ATLAS COFRIFIRR

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

March 2022 Vs=13TeV
Model Signature  [£dt ('] Mass limit Reference
G, G-q%) Oep 26jets  Ep 139 1.85 m(¥})<400 GeV 2010.14293
» mono-jet  1-3jets EP™ 139 | g [8x Degen] 0.9 m(G)-m(¥})=5GeV 2102.10874
)
2%, 2-qa%) Oep 26jets EPS 139 | & 23 mit))=0GeV 2010.14293
z Forbidden 1.15-1.95 m(¥})=1000 GeV 2010.14293
8 22, g—qaWx; Ten 2-6jets 139 | & 2.2 m(¥})<600 GeV 2101.01629
oz 2-qq (O] ee, pp 2jets  EP™ 139 |2 22 m(¥})<700 GeV CERN-EP-2022-014
B gz goqqWZt| Oep  7-1jets EP™ 139 | & 1.97 m¥}) <600 GeV 2008.06032
2 SSeu  6jets 139 |z 1.15 m(z)-m(i})=200 GeV 1909.08457
] 0-1e.p 3b EF™ 798 | & 225 m(})<200 GeV ATLAS-CONF-2018-041
SSepu 6 jets 139 I 1.25 m(g)-m(X})=300 GeV 1909.08457
biby Oep 2b EP™ 139 | b 1.255 m(¥})<400 GeV 2101.12527
! by 0.68 10 GeV<Am(b; X1)<20 GeV 2101.12527
» byby, by—b¥s — bhY) Oep 6b EP™ 139 | B, Forbidden 0.23-1.35 =130 GeV, m(¥{)=100 GeV 1908.03122
g kS 27 2h T 139 |y 0.13-0.85 ¥1)=130 GeV, m(¥})=0 GeV 2103.08189
§ iy, i) Olepu  =zljet  EFs 139 |§ 1.25 m(¥})=1 GeV 2004.14060,2012.03799
8 Aid —Wht) Teu Bjetsih EFe 139 |7 Forbidden | 0.65 m(¥})=500 GeV 2012.03799
§§ i, hi =t by, 116 12t 2jetsib EPS 139 |7 Forbidden 14 m(71)=800 GeV 2108.07665
Sa o0 o0 miss "
S fif, ek /&, ek Oepu 2¢ E 361 |& 0.85 m(t})=0GeV 1805.01649
s Mmnme ! Oeur  monodet Ef 139 | § 0.55 miiy.2)-m(¥)=5 GeV 2102.10874
183, W9 Z/h] 12 e 1-4b  EPS 139 |G 0.067-1.18 m(¥2)=500 GeV 2006.05880
a2, =i + Z 3ep 1b EP™ 139 | & Forbidden 0.86 m(¥})=360 GeV, m(f, }-m(¥})= 40 GeV 2006.05880
XX viawz Multiple ¢/jets E};’“ 139 i;/,i; 0.96 ___m(¥))=0, wino-bino 2106.01676, 2108.07586
e,y > EPs 439 /RS 0.205 m(F})-m(¥})=5 GeV, wino-bino 1911.12606
XX viaww 2epn Ems 139 | ¥ 0.42 m(¥})=0, wino-bino 1908.08215
XI5 via Wh Multiple ¢/jets Eps 139 | ¥j/¥y Forbidden 1.06 m(¥})=70 GeV, wino-bino 2004.10894, 2108.07586
> § XX vialy /v 2epn EMs 139 | ¥y 1.0 m(Z,#)=0.5(m(¥})+m(E})) 1908.08215
v niss o [FL R, 0603 0.12-0.39 mi})=0 1911.06660
wE ok 27 E7 139 |7 y .12-0. !
O GriLr, 60 2e.u Ojets  EF 139 |7 0.7 miE)=0 1908.08215
eeqp >ljet  EMS 139 |7 0.256 m(@)m(E)=10 GeV 1911.12606
AH, H—hG/2G Oeu >3b  EP™ 361 |0 0.13-0.23 0.29-0.88 BR(Y] — /G)=1 1806.04030
dep oOjets  ERs 139 | 055 BR(E! — 2G)et 2103.11684
Oeu =2 2large jets E‘;"" 139 i 0.45-0.93 BR(Y) — ZG)=1 2108.07586
Direct ¥ ¥ prod., long-lived ¥ Disapp. ttk  1jet  EF™ 139 [y 0.66 Pure Wino 2201.02472
54 0.21 Pure higgsino 2201.02472
E § Stable g R-hadron pixel dE/dx Eps 139 | & 2.05 CERN-EP-2022-029
TE,'E Metastable z R-hadron, —qg¥| pixel dE/dx EPs 139 | & (@ =10ns] 2.2 m(¥})=100 GeV CERN-EP-2022-029
S8 Wi~ Displ. lep EPS 139 | &j 0.7 i 2011.07812
- ¥ 0.34 . 2011.07812
pixel dE/dx Eps 139 3 0.36 7(f)=10ns CERN-EP-2022-029
TRV X —ze—eee 3epu 139 Pure Wino 2011.10543
TERT 10 — Wwjzeeetvy dep Ojets  EFs 139 1.55 m(T%)=200 GeV 2103.11684
2%, 2-qg¥), X = qqq 4-5 large jets 36.1 1.9 Large A7), 1804.03568
S i il X > s Multiple 36.1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
& if, i—b¥7 , X] — bbs > 4b 139 Forbidden m(¥})=500 GeV 2010.01015
iy, i1 —bs 2jets +2b 36.7 1710.07171
ni, =gt 2epu 2b 36.1 0.4-1.45 BRI(f) —be/bu)>20% 1710.05544
1u DV 136 1.6 BR(f1 —qu)=100%, cost,=1 2003.11956
X [ X,  ,tbs, X{ —bbs 12eu  26jets 139 [ ¥ 0.2-0.32 Pure higgsino 2106.09609
*Only a selection of the available mass limits on new states or 107! 1 Mass scale [TeV]

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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ATLAS COFRIFIRR

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

Status: March 2022 JLdt=(36-139)fb! Vs=8,13TeV
iss _
Model t,y Jetsi ET™ [Ldt[ib] Limit Reference
ADD Gk +g/q Oepty 1-4j Yes 139 n=2 2102.10874
. ADD non-resonant yy 2y - - 36.7 n =3 HLZ NLO 1707.04147
0, imi ADD QBH - 2j - 37.0 n=6 1703.09127
ATLAS SUSY Searches” - 95% CL Lower Limit: 7DD GEH et S P8 v ot hspodist
March 2022 SSI:( FG‘gKG—» " wwizz 2y - - 139 k/Mp; = 0.1 2102.13405
_ ul KK — / multi-channel 36.1 k/Mp = 1.0 1808.02380
Model Signature  [Ldt[fb") Bulk RS Gxx — WV — tvqq ten  2j/1J  Yes 139 K/ Mg = 1.0 2004.14636
Bulk RS gk — tt 1eu 21b,21J/2) Yes  36.1 r/m=15% 1804.10823
a7, 4-qt) Oeu  2:6jets EE‘I“F: 139 _ 2UED / RPP leu >2b>3) Yes  36.1 Tier (1,1), BA™) — tt) = 1 1803.09678
2 mono-jet  1-3jets T 139 | ¢ [8x Degen.] SSM 2 — £f 2epn - - 139 1903.06248
22, gt Oe, 2-6jets  EP™ 139 SSM Z’ — 7 27 - - 361 1709.07242
2. 2-q30 “ ! T ; Leptophobic 2’ — bb - 2b - 361 1805.09299
. . Leptophobic Z* — tt Oeu >21b,22J Yes 139 rm=12% 2005.05138
B 333w Teu  2:6jets ) 139 | & SSM W’ — £y Ten - Yes 139 1906.05609
o i, F-qa(LOY, ee.pp 2jets  EP™ 139 |2 SSM W’ — 1v 17 - Yes 139 ATLAS-CONF-2021-025
B iz gogqWZi) Ocu  7-ljets EMS 139 |z SSM W’ — tb - 21b21J - 139 ATLAS-CONF-2021-043
3 ' SSe.u 6 jets 139 |2 HVT W' —» WZ - (vgqgmodelB  1epu  2j/1J Yes 139 & =3 2004.14636
e N - HVT W’ — WZ = (v{’¢’modelC 3e.u 2j(VBF) Yes 139 gven =1, =0 ATLAS-CONF-2022-005
= o) Olen  3b  EPS 798 |z HVT W’ — WH model B O >1b,>2J 139 v =3 2007.05293
SSe.u 6 jets 139 2 LRSM Wg — uNg 2u 1J - 80 m(Ng) = 05TeV, g, = gr 1904.12679
bib Oe, 2b Ems 439 | B Clgqqq - 2j - 37.0 21.8TeV 7, 1703.09127
biby # T B Clttaq 2ep - - 139 e 200612946
o " ) Cl eebs 2e 1b - 139 g =1 2105.13847
byby, by—b¥3 — bh¥! Oep 6b 139 by Forbi Cl uubs 2u 1b - 139 g =1 2105.13847
-g 27 2h 139 | b Cl tttt >teu >1b>1] Yes 36.1 |Cael = 4r 1811.02305
g [ Oden  =ljet 189 |@ Axialvector med. (DiracDM)  Oeqntiy 1-4]  Yes 139 £4-0.25, g1, m(x)=1 GeV 2102.10874
. iy, Wb, leu  3jets/b 139 | @ Pseudo-scalar med. (DiracDM) Oeu, 7,y 1-4) Yes 139 Zo=1, g=1, m(x)=1 GeV 2102.10874
§ iy by, B o716 127 2jetsi b 139 |4 Vector med. Z’-2HDM (Dirac DM) 0 e, u 2b Yes 139 tanf=1, g2=0.8, m(x)=100 GeV 2108.13391
g S S0, . =0 Oe. 2c 36.1 z Pseudo-scalar med. 2HDM+a  multi-channel 139 tanf=1, g,=1, m{x)=10 GeV ATLAS-CONF-2021-036
3\‘ iy, h—=cX| | &€, e—cXy WM c. . -
Oepr mono-jet 139 |4 Scalar LQ 1* gen 2e >2j Yes 139 p=1 2006.05872
PR ] 0 12, . 7 Scalar LQ 2™ gen 2pu 22j Yes 139 B=1 2006.05872
A, i-acha, £oaZinky e 1“’ :39 & Scalar LQ 3 gen T 2b  Yes 139 BLQY — br) =1 2108.07665
hiz, ot + e b 39 & Scalar LQ 3" gen Oeu  >2j,>2b Yes 139 BLQY - 1) =1 2004.14060
a0 " " p— Scalar LQ 3 gen 22eu,21721j,21b - 139 BLQY = tr) =1 2101.11582
X viawz M“"',p,'f’;,ﬂ,/""s > jxﬁa oo Scalar LQ 3 gen Oep, 217 0-2j,2b Yes 139 BLQI - bv) =1 210112527
e ir; - Vector LQ 3¢ gen 17 2b Yes 139 B(LQY — br) = 0.5, Y-M coupl. 2108.07665
X1X| viaww 2ep 139 5 ,
s " . ot v ; VLQTT - Zt + X 2el2u/>3eu 21b,21) -~ 139 SU(2) doublet ATLAS-CONF-2021-024
i3 via Wh Multiple ¢/jets 139 | KR, Forbidden VLQ BB — We/Zb+ X multi-channel 36.1 SU(2) doublet 1808.02343
XXy via /v 2epu 139 | X VLQ Ts/3Ts3|Tsy3 » Wt + X 2(SS)/23eu>1b,21] Yes  36.1 B(Ts;3 = W)= 1, c(Ts3We)=1 1807.11883
E #, Ttk or 139 |7 LR VLQ T — Ht/Zt leu 21b,23] Yes 139 SU(2) singlet, k7= 0.5 ATLAS-CONF-2021-040
ES] AN 2ep 0Ojets 139 |7 vLQyY - Wh lepu 21b21j Yes 361 B(Y = Wh)=1, c(Wb)= 1 1812.07343
LRILR, 1 ee, > 1jet 139 |7 VLQ B — Hb Oeu =22b 21,21 - 139 SU(2) doublet, xg= 0.3 ATLAS-CONF-2021-018
50 B Oe, >3 Emiss 3 - Excited quark q° — qg - 2j - 139 only u* and d*, A = m(q") 1910.08447
RA, B-hG126 ach Gen e B |E iy Excited quark 4° — qy Ty 1 - ae7 only o and &, A = m{q") 1708.10440
Oe > 2large jets Eﬁ‘i’“‘ 139 it Exc!ted quark b* — bg - 1b1j - 36.1 1805.09299
Excited lepton ¢* 3epu - - 20.3 A=3.0TeV 1411.2921
Py = " Ny : - Excited lepton »* 3eput - - 20. A =16TeV 1411.2921
Direct ¥1¥; prod., long-lived F§ Disapp. trk  tjet  EF™ 139 [} pon ¥ = - 03 -
3 54 0.z Type Il Seesaw 234epu >2j Yes 139 2202.02039
- : i LRSM Majorana v 2u 2j - 36.1 m(Wg) =4.1TeV, g = gr 1809.11105
2 -§ Stable g R-hadron » pixel dE/dx Ef™ 189 )% Higgs triplet H** — W*W* 234 e,u (SS) various Yes 139 DY production 2101.11961
Metastable z R-hadron, g—qqg¥} pixel dE/dx EF'S 139 | & [#(@®=10ns] Higgs triplet H** — ¢ 234eu(SS) - - 139 DY production ATLAS-CONF-2022-010
g i, i~tG Displ. lep Epis 139 &t Higgs triplet H** — (1 3epurt - - 20.3 DY production, B(H;* — (1) = 1 1411.2921
- . i Multi-charged particles - - - 36.1 DY production, |q] = Se 1812.03673
pixel dE/dx Eps 139 |7 Magnetic monopoles - - 34.4 DY production, |g| = 1gp, spin 1/2 1905.10130
.v;=131-.v PR | " " il " " a4 gl " " P
vEvE ) vt 3e, 139 al data -1
M) i ze-e u ) parti 10 1 10 Mass scale [TeV]
XX XS - WW/zettevy 4ep Ojets  Ef 139 . ; i i ;
0 =0 ) Only a selection of the available mass limits on new states or phenomena is shown.
22, 8—qa¥1, X1 = 4qq 4-5 large jets 36.1 . . o )
S if i) X o ibs Multiple 36.1 ‘TSmall-radius (large-radius) jets are denoted by the letter j (J).
& if, i—b¥7 , X] — bbs > 4b 139 Forbidden 0.95 m(¥})=500 GeV 2010.01015
iiy, ij—bs 2jets+2b 36.7 0.61 1710.07171
ni, =gt 2epu 2b 36.1 0.4-1.45 BR(i} —be/bu)>20% 1710.05544
1 DV 136 1.6 BR(fi —qu)=100%, cosf=1 2003.11956
X 1RV, R0 y—oibs, X} —bbs 12ep  >6jets 139 | 0.2:0.32 Pure higgsino 2106.09609

*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.

Mass scale [TeV]
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ATLAS COFTHIFIRR

ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary
Status: March 2022 J'L dt = (36 _ 139) fb-l \/_ - 8, 13 TeV
Model 0,y Jetsi E™ [rat[i] Limit Reference

@ ADD Gk +g/q Mo 11.2TeV n=2 2102.10874
% ADD non-resonant yy 2y = - 36.7 Ms 8.6 TeV n= 3 HLZ NLO 1707.04147
* o, imi ADD QBH - 2j - 37.0 My, 89TeV n-— 1703.09127
ATLAS SUSY Searches” - 95% CL Lower Limi ASD S8 et T A T o - RERL— 70809127
— 8 & | RS1Gkk —»yy 2y - - 139 |l Gk mass 45TeV k/Mp = 0.1 2102.13405
. © | BukRS Gy —» WW/ZZ multi-channel 36.1 [l Gkk mass 2.3 TeV k/Mp = 1.0 1808.02380
Model Signature £ BukRS Gk — WV - (vqq teu  2j/1J  Yes 139 |Gk mass 20TeV K/Mp =10 2004.14636
| BukRSgkx — tt leu 21b,210/2) Yes  36.1 |8k mass 3.8TeV r/m=15% 1804.10823
G i) Oept 26jets  Ep™ 139 2UED / RPP Teu 22b>3) Yes  36.1 EMKKmass 1.8 Tev Tier (1,1), B(AM) — tt) = 1 1803.09678
@ monoet  1-3jets E7™ 139 SSM 2’ — £t 2ep - - 130 [WZass 5.1TeV 1903.06248
S & g-qat) Oeu  2-6jets  EP™ 139 SSM Z’ — 7 27 - - 361 M7 mass 2.42 TeV 1709.07242
Ol > C § Leptophobic Z’ — bb - 2b - 36.1 JMZ’ mass 2.1 TeV 1805.09299
Sg o -0 . Leptophobic Z* — tt Oepu  21b,22J VYes 139 Z’ mass 4.1 TeV rNm=12% 2005.05138
D 3 z-ggWh Teu  26jets 139 § SSM W’ — tv Ten - Yes 139 MW’ mass 6.0 TeV. 1906.05609
O 3z, g-qqO] ee.puyt 2jets  EFS 139 ® SSMW -1y 17 - Yes 139 MW’ mass 5.0 TeV ATLAS-CONF-2021-025
B 22, E-q qwz%'.' Oep 7-11jets  EMis 139 g) SSM W’ = tb - 21b,21J - 139 W’ mass 4.4 TeV ATLAS-CONF-2021-043
= o SSe.u 6 jets ! 139 T HVT W’ - WZ - {vggmodel B 1e,pu 2j/1J  Yes 139 W’ mass 4.3 TeV gv=3 2004.14636
Y . miss S HVT W' —» WZ - (v ¢ modelC 3eu 2j(VBF) Yes 139 W’ mass 340 GeV gven =1, =0 ATLAS-CONF-2022-005
= gz ot 0-1ep 3b Ef 79.8 HVT W’ — WH model B Oeu 21b>2J 139 EMW’ mass 3.2TeV gv =3 2007.05293
SSe.u 6 jets 139 LRSM Wg — uNg 2pu 1J - 80 [ Wg mass 5.0 TeV m(Ng) = 0.5TeV, g = gr 1904.12679
biby Oep 2h Episs 139 Cl qqqq - 2j - 37.0 [A 21.8TeV 7, 1703.09127
Clttqq 2ep - - 139 A 358TeV . 2006.12946
=
o, " i O Cleebs 2e 1b - 139 A 1.8 TeV g =1 2105.13847
w c  bby, bj—bY; — bhY) Oepu 6b LRN Cl upbs 2u 1b - 139 A 2.0TeVv g =1 2105.13847
H -§ 27 2b  Ef Cl teet >teu >1b>1j A 2.57 TeV |Cafl = 4r 1811.02305
§-~8 i, -0 » Olep  2ljet  Ep™ Axial-vector med. (Dirac DM) Oepry 1-4j Mined 21 TeV £4=0.25, g,=1, m(x)=1GeV 2102.10874
: 5 i hioWbE Tepu 3jets/t b EP™ g Pseudo-scalar med. (DiracDM) Oeu, 7,y 1-4j  Yes 139 [l Mmed 376 GeV 8o=1, g =1, m(y)=1 GeV 2102.10874
@ = i, =% by, 1116 121 2jets't b EP™ Vector med. Z’-2HDM (Dirac DM) O e, u 2b Yes 139 Mied 3.1 TevV tanf=1, gz=0.8, m(y)=100 GeV 2108.13391
= § B el ] &2, el Oep 2¢ me Pseudo-scalar med. 2HDM+a  multi-channel Mined 560 GeV tanf=1, g =1, m(x)=10 GeV ATLAS-CONF-2021-036
= ’ Xy /e, Xy N : h
SRS Oeu monojet E7™ Scalar LQ 1% gen 2e >2j  Yes 139 [MUGmass 1.8 TeV =1 2006.05872
0 70 126 14 Emiss Scalar LQ 2™ gen 2p 22j Yes 139 [ILQ mass 1.7 TeV p=1 2006.05872
i, ks, ; -2/ s P o ScalarLQ 3" gen 17 2b  Yes 130 [liGimass 1.2TeV BLQY — br) = 1 2108.07665
2h, ol + H T = gcalar Lg 3 gen ) Oep ; 2?1} zfg Yes 139 :: mass 1.24;rse¥ v zle.og - ,,,; =1 2004.14060
0 i i miss calar LQ 3™ gen 22epu, 211 21j, 2 - 139 mass 1. e BLQY = tr) =1 2101.11582
1 via Wz Mutplo C/ets | o Scalar LQ 3 gen Oeu>170-22b Yes 139 LG} mass 1.26 TeV B(LQY — by) = 1 2101.12527
- N r Vector LQ 3" gen 17 2b Yes 139 [ILQ; mass 1.77 Tev B(LQ; — br) = 0.5, Y-M coupl. 2108.07665
Vivi viaw 2e, miss -
vty via vy Multiofe et i VLQ TT - Zt + X 2e2u/>3ep >1b0,21] - 139 WTmass 1.4TeV SU2) doublet ATLAS-CONF-2021-024
Y1X3 via Wh ultiple (/jets T @ VLQBB - We/Zb+ X multi-channel 36.1 [l B mass 1.34 TeV SU(2) doublet 1808.02343
> B XX vial,/v 2epu ET™ 3 VLQ Ts;3Ts3|Ts/3 —» We+ X 2(8S)/23eu>1b21) Yes  36.1 Ts3 mass 1.64 TeV B(Ts3 = Wt)= 1, c( TssWe)= 1 1807.11883
oL # ol 27 ERis T3 VLQT o HyZt Teu >21b23] Yes 139 [T mass 1.8 TeV SU(2) singlet, k7= 0.5 ATLAS-CONF-2021-040
B ;i it 2ep Ojets  Emiss VLQ Y - Wb leu 21b21j Yes  36.1 WY mass 1.85 TeV B(Y — Wb)=1, cg(Wb)=1 1812.07343
LROLR, 1 ceutist > 1jet Efm VLQ B — Hb Oeu 22b>1j,21 - 139 B mass 2.0 TeV SU(2) doublet, xg= 0.3 ATLAS-CONF-2021-018
AH, A—hG/2G Oeu >3h  EPS 2 Excitedquark g° — gg - 2j - 139 G mass 6.7 TeV only u* and d*, A = m(q") 1910.08447
dep Ojets  Eiss E S Excited quark ¢" — gy 1y 1 - 36.7 [lq" mass 5.3 TeV only u* and d*, A = m(q") 1709.10440
Ocur > 2large jets Elis g £ Excited quark b* — bg - 1b1j - 36.1 [b* mass 2.6 TeV 1805.09299
r w § Excited lepton ¢* 3eu - - 20.3 A=3.0TeV 1411.2921
poryem ; : Py Excited lepton »* Seput - - 20.3 A=16TeV 1411.2921
Direct ¥ ¥ prod., long-lived ¥ Disapp. trk 1 jet EPS X
X Type Il Seesaw 234epu >2j Yes 139 2202.02039
'§ » _ ) i N LRSM Majorana v 24 2j - 36.1 [Ng mass 3.2TeV m(We) = 4.1TeV, g = gr 1809.11105
= % Stable z R-hadron » p!xel dE/dx I:j,“ z 5 Higgs triplet H=* — W*W* 234 e,u (SS) various  Yes 139 DY production 2101.11961
SE Metastable g R-hadron, —gg¥ pixel dE/dx Epis & [r(®) =10ns] Higgs triplet H** — (£ 234eu(SS) - - 139 1.08 TeV DY production ATLAS-CONF-2022-010
g S 77, -G Displ. lep Epis & ji Higgs triplet H** — (1 Seut - - 20.3 DY production, B(H;* — (1) =1 1411.2921
S 7 Multi-charged particles - - - 36.1 multi-charged particle mass 1.22 Tev DY production, |q| = Se 1812.03673
pixel dE/dx E;““ 7 Magnetic monopoles - - - 34.4 monopole mass 2.37 TeV DY production, |gl = 1gp, spin 1/2 1905.10130
v;=13T9V J;=13TOV 2l - " " MRS | " N PR ERrar | " " PR
=0 -
IR Xzt 3ep partial data full data 10 1 10
12 WWiZtttory den Olets  Ep™ bmena is shown. Mass scale [TeV]
—.qqh Y, - qqq 4-5 large jets 36.1 a
N —'lh P o ths Multiple TSmall-radius r/amemdms} jets are denoted by the letter j (J).
Q b¥i, K] — bbs >db Fo 0.95 m(t} 2010.01015
«c iy —bs 2jets+2b
hii, h—gl 2ep 2b A
Tu DV
Vi IS 1X1, ¥ ,—tbs, X1 —bbs 12e,u  >Bjets -Ij, N * (_

simplified models, c.f. refs. for the assumptions made.

L \ AL N
*Only a selection of the available mass limits on new states or 107! \ I \
phenomend is shown. Many of the limits are based on L ~ 2 O
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https://doi.org/10.1103/PhysRevLett.125.131801
https://link.springer.com/article/10.1140/epjc/s10052-021-09236-z
https://link.springer.com/article/10.1140/epjc/s10052-019-6540-y

Classification Without Labels (CWola)

JHEP 10 (2017) 174

Supervised CWola
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Y I

Classifier Classifier

o« SN A —TEDXEZs(Isignal/backgroundZ T D KD CEFEFIND
o 12U, FETRNIR SNBSS DEDHE(IZ (TS

o ATLASEERC. Di-jet /\>>TH—F(CCWolaZEFE

=> Phys. Rev. Lett. 125, 131801 (2020) 22



https://doi.org/10.1103/PhysRevLett.125.131801
https://link.springer.com/article/10.1007/JHEP10(2017)174

Dijet resonance search using CWola: Di-jet event ATLAS-PHOT0-2019-017

ATLAS

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



https://cds.cern.ch/record/2669151

Dijet resonance search using CWola: #—%"w NEF )l Phys. Rew. Lett. 125, 131801 (2020)
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Dijet resonance search using CWola: ZJL U X A Phys. Rev. Lett. 125, 131801 (2020)
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Dijet resonance search using CWola: ZJL U X A Phys. Rev. Lett. 125, 131801 (2020)
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Dijet resonance search using CWolLa: ZJLUX A
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Dijet resonance search using CWola: ZJL U X A Phys. Rev. Lett. 125, 131801 (2020)
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Dijet resonance search using CWola: ZJL U X A Phys. Rev. Lett. 125, 131801 (2020)
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Dijet resonance search using CWolLa: NNiLi 7]
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Dijet resonance search using CWola: a3k Phys. Rev. Lett. 125, 131801 (2020)
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LHC Olympics 2020: {2 2101.08320
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LHC Olympics 2020: —A v b

2101.08320

Dataset Signal Background

R&D Z' - XY - qqqq QCD di-jets
(SNILED) (Z',X,Y) = (3500 GeV, 500 GeV, 100 GeV)
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Black Box 2 No signal QCD di-jets
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Black Box 3 G—->ggandG > Rg - ggg QCD di-jets
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ATLAS CODOHIBADIAFR: VAE ATL-SOFT-PUB-2018-001

Variational autoencoder (VAE)
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L= lx = g(f GDII* + Dk (q(z]%), p(2))


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-SOFT-PUB-2018-001/
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Dijet resonance search using CWola: #—%"w NEF )l Phys. Rew. Lett. 125, 131801 (2020)
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LHC Olympics 2020: VAEZ D T=FE SR H] 2101.08320

L= llx — g(f C)I? + Dk (q(z|x), p(2))
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il

Background

« NN\ OUSI RT—HDMZEVAECFEEIT D
« SUTFILHADEND L.
« RIS —(|IX — X'||2)HARE0)
« ZDAE(||IZ]|2)VARE LY Ll s
FDVI/INIU—EUTHIETED, E*%Eﬁlgafn(mllX - x'|12) 42

Signal 2



https://arxiv.org/abs/2101.08320

LHC Olympics 2020: VAEZ{ED - FE B IR Al 2101.08320

. _ ,
No selection anomaly score Ccutf¥ anomaly score C cutf®
Black Box 1: Dijet Mass, No Event Score Cut Black Box 1: Dijet Mass, EventScore > 0.75 L

ound

s |
+

107 mmm Black Box 1 10739 o e Black Box 1

L2271 Background

i Background

107*

10°°

107

1077

2000 3000 4000 5000 6000 7000 8000 2000 3000 4000 5000 6000 7000 8000
NM[GGV] NMIGGV]

« R&DFT—H CVAEDZEZEZ= L1=Hl
« BT —HII)\ATIANHBDHDIE< WO TZ

43


https://arxiv.org/abs/2101.08320

LHC Olympics 2020: VAEZ D J= B E R4 2101.08320
BB — AR B T=fl, S/BINSN O T FILDEEN R T

0 CWola vs. Autoencoder: (m;,, m;,) = (500, 500) GeV CWola vs. Autoencoder: (m;,, m;,) = (500, 500) GeV
1 10 =3} + o ¢ —
10 T 20
____________________________ 3-
0.9 30
10—3_ ————————————————
I 4o
0.8 - o 10—5 i
O =
) © 50
< > T il O k. CI
0.7 - a 1077
10—9 __6_0 ____________________
0.6 1 AE on Jet 1 —4— Initial deviation
AE on Jet 2 -4- SIVB
AE total 1011 - —$— CWola: 0.3%
0.5 —$— CWola 70 AE: (80%, 2.5%)
2 3 4 5 6 1 2
. -3 . -3
S/B in SR x10 S/B in SR x10

o S/BHVINEUWVECWolaldFEENELLTRD. VAEDEEE(SS/BICHF LY
 VAE(EBGRm =EFT > T B,
 CWolald Signal3 B £BGRHDE ZE U > T T D, 44


https://arxiv.org/abs/2101.08320

LHC Olympics 2020: Z B HEZ D I HE S 1R 4] 2101.08320

FE
1. NNCSRDTI M pyata(x|m € SR) T v b
2. NNTSBDTITN pyata(x|m € SB) T v b

§<.~
\\} *  Pdata(x|m € SB) = ppg(x|m € SB)
T 3. SB THETE LT/ nZSRICAIHR
T 4. Ddata(x|m)/ppg(x|m) Z33as & UTED
T pdata(xlm € SB) pdata(xlm € SR) pdata(xlm)/pbg(xlm)
SB i SR E SB ,n; = pbg (xlm E SB) Psignal = p(le) ] a = psiynal/pback:ground
pdata(x|m € SB) pdata(x|m € SB) GIS
= prg(z|m € SB) Paata(zim € SR) - 7 ppg(zlm € SB) | iSRRGt AR |
psignal""....-;ut
2109.00546 Povackground
T T

45


https://arxiv.org/abs/2109.00546
https://arxiv.org/abs/2101.08320

LHC Olympics 2020: ZEIEEZ{ED> IR EIRM 2101.08320

Masked Autoregressive Flow (MAF)Z{ED /=44 Gaussianizing Iterative Slicing (GIS) Z &> 7=/l
— 5 ' ' SigqalRegign 105 ¢
E Il Background E I I I 1 1 1 1
= 5 ;
f_i 4} Signal :
oD -
O B
8 e 5
~ 3 ' g
N\ E g
£ X e I
R T2 e
~ 5
% g
< 1} I |
S 5
=10 1 2 3 4 5 4 2750 3000 3250 3500 3750 4000 4250 10110%10°
log(Ppackgrouna(x|m)) M) [GeV]
. . = =
el Region « Normalizing Flow CEEHETE
10° .
—— Supervised
. \ i A
10* gm: ggis.a)sa) * CWola cl: D /} L/ﬁ"l:l %b\ II_:IE VA
—— ANODE
103 .......... Random

« CWolaldlb(ps/pg)EBEIEETU T LTI,
BEHEE CR2 DO M ZEMIIICET D

Rejection (1/False Positive Rate)

0.0 02 04 06 08 10 * CWola Cl:.ﬁfd: D \ maSS/\G)*EIEﬁ(: D} \‘Z l\ 46

Signal Efficiency (True Positive Rate)



https://arxiv.org/abs/2101.08320

LHC Olympics 2020

(i): blind dataset CDFEER
(ii): unblind 2 DFEER
(iii): R&D DH

Section Short Name Method Type Results Type
3.1 VRNN Unsupervised (i) (BB2,3) and (ii) (BB1)
3.2 ANODE Unsupervised (iii)
3.3 BuHuLaSpa Unsupervised (i) (BB2,3) and (ii) (BB1)
3.4 GAN-AE Unsupervised (i) (BB2-3) and (ii) (BB1)
3.5 GIS Unsupervised (i) (BB1)
3.6 LDA Unsupervised (i) (BB1-3)
3.7 PGA Unsupervised (ii) (BB1-2)
3.8 Reg. Likelihoods Unsupervised (iii)
3.9 UCluster Unsupervised (i) (BB2-3)
4.1 CWoLa Weakly Supervised (ii) (BB1-2)
4.2 CWoLa AE Compare | Weakly/Unsupervised (iii)
4.3 Tag N’ Train Weakly Supervised (i) (BB1-3)
4.4 SALAD Weakly Supervised (iii)
4.5 SA-CWolLa Weakly Supervised (iii)
5.1 Deep Ensemble Semisupervised (i) (BB1)
5.2 Factorized Topics Semisupervised (iii)
5.3 QUAK Semisupervised (i) (BB2,3) and (ii) (BB1)
5.4 LSTM Semisupervised (i) (BB1-3)
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WGAN-GP

Original GAN : L(G,D) = Eg.p, . [log (1 = D(X))]| + Ex~pe...., [108 D(x)]

WGAN-GP : L(G, D) = Ezp . [D(O)] = Ex-pgoanea DOOT + 2B [(18:D (Rl — 1)?]

Original GAN T (3JSD(Jensen-Shannon divergence)Z g/t 9 D
WGAN C[EWasserstein distanceZ /ML D



