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THE CHALLENGES

Brief of this talk:

e Don't talk too much about the physics -
Want to think about the MC tools

e Don't talk about SM (background) MC
too much

e Cover as much ATLAS as possible (A
very birdseye view)




ATLAS BSM Modelling challenge - Scope
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ATLAS BSM Modelling challenge - Scope

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

December 2017 \Vs=7,8,13TeV
'miss .
Model &mTY Jets ET™ [Lanm™ Vs=7,8Tev [5=13TeV | Reference
0 2-6jets  Yes  36.1 m(i?)<223’ GeV, m(1* gen. 4)=m(2* gen.§) 1712.02332
mono-jet  1-3jets  Yes 36.1 m(g)-m(¥})<5 GeV 1711.03301
@ ¢
g 0 2-6jets  Yes 36.1 m(})<200 GeV 1712.02332
s 0 26jets  Yes 361 m(E)<200 GeV, m(¥*)=0.5(m(¥])+m(z) 1712.02332
% eepp 2jets Yes 14.7 m(E})<300GeV, 1611.05791
o 3eu 4jets = 36.1 m(¥)=0GeV 1706.03731
- B3 E—)ngqu 0 7-11jets  Yes  36.1 met)) <400 Gev 1708.02794
S GMSB(ZNLSP) 1-27+0-1¢ 02jets  Yes 3.2 1607.05979
g GGM (bino NLSP) 2y 5 Yes 36.1 c7(NLSP)<0.1 mm ATLAS-CONF-2017-080
GGM (higgsino-bino NLSP) ¥ 2jets  Yes  36.1 m(¥)=1700 GeV, cr(NLSP)<0.1mm, >0 ATLAS-CONF-2017-080
Gravitino LSP 0 mono-jet  Yes  20.3 | F'2scale 865 GeV m(G)>1.8x 107 eV, m(z)=m(3)=1.5TeV 1502.01518
ég G—bbT) 0 3b Yes  36.1 m(¥})<600 GeV 1711.01901
T .E, 8, g-] O-tepn 3b Yes  36.1 m(E)<200GeV 1711.01901
Bbiby, by—bt) 0 2b Yes  36.1 m(¥})<420 GeV 1708.09266
2 8§ bibi, bttt 2e,p(SS) 1b Yes  36.1 b . 275-700 GeV m(¥})<200 GeV, m(¥})= m(f})+100 GeV 1706.03731
S § fif, hobY 02epu 1-2b  Yes 47433 | & (117170 Gev [I200:720 GeVl m(¥;) = 2m(¥}), m(t})=55 GeV 1209.2102, ATLAS-CONF-2016-077
&8 ni, iowbt or it} 0-2e,u 0-2jets/1-2b Yes 20.3/36.1 90-198GeV.  0.1951.0TeV m(E))=1 GeV 1506.08616, 1709.04183, 1711.11520
e 77 5ok 0 mono-jet Yes  36.1 m(f)-mE)=5GeV 1711.03301
‘%S 717 (natural GMSB) 2e,u(2) 1b Yes 203 |7 150-600 GeV m(@)>150 GeV 1403.5222
8D hhhoh+Z 3eu(2) 1h Yes 361 (& m(})=0GeV 1706.03986
Baf, hoi +h 12eu 4b Yes  36.1  320-880 GeV m(¥})=0GeV 1706.03986
Z,_ rEL R e8] 2ep 0 Yes  36.1 ATLAS-CONF-2017-039
XA, 1 T Ev(er) B 2en 0 Yes 361 0.5(m¢¥; )+m(E)) ATLAS-CONF-2017-039
)(|)(| /XZ,X, ST(TY), X;aw(vv) 27 - Yes 36.1 , M, 7)=0.5(m(¥; )+m(E))) 1708.07875
= )(|X2~>t’|_v€|_t’(w), EVELETY) 3en 0 Yes  36.1 m{F;)=m(#3), m(¥})=0, m(Z,)=0.5(m(¥; }+m(¥})) ATLAS-CONF-2017-039
S x, Xﬁw)ﬁ Zh 28eu  02jets  Yes 361 (¥)=m(3), m(¥})=0, 7 decoupled ATLAS-CONF-2017-039
B B WER, hosbb/WW/ /vy emy 026 Yes 203 270 GeV (F7)=m(T3), m(E)=0, 1501.07110
T3, B35 ot dep 0 Yes  20.3 635 GeV' m(E8)=m(¥3), m(¥?)=0, (7, 7)=0.5(m(¥3)+m(E?)) 1405.5086
GGM (wino NLSP) weak prod., ¥]—»yG 11 +y < Yes 203 115-370 GeV/ cr<tmm 1507.05493
GGM (bino NLSP) weak p!Od.,/\%‘)ﬁyG 2y - Yes  36.1 cr<tmm ATLAS-CONF-2017-080
Direct X1 %7 prod., long-lived ¥7 Disapp. trk 1 jet Yes  36.1 M )-miE)~160 MeV, r(¥1)=0.2 ns 171202118
Direct ¥i 7 prod., long-lived ¥i dE/dx trk B Yes 184 MU )-m(E)~160 MeV, 7(¥})<15 ns 1506.05332
~§ % Stable, stopped g R-hadron 0 1-5jets  Yes 279 m(¥))=100 GeV, 10 us<r(z)<1000 s 1310.6584
=> O Stable g R-hadron trk & & 32 1606.05129
6;‘% Metastable g R-hadron dE/dx trk - - 3.2 m(¥})=100 GeV, >10ns 1604.04520
5 & Metastable g R-hadron, Foqgt) displ. vix - Yes  32.8 7(2)=0.17 ns, m(Z?) = 100GeV 1710.04901
=1 GMSB, stable 7, ¥)—7(z, f)y+r(e, 1) 1-2p % s 19.1 10<tanB<50 14116795
GMSB, ¥ -yG, long-lived ¥} 2y - Yes  20.3 1<r(f))<3 ns, SPS8 model 1409.5542
28 X —eev/euy/uuy displ. eefep/m - - 203 7 <cr(®)< 740 mm, m(z)=1.3TeV 150405162
LFV pp—¥r + X, Vr—ep/et/ut eneT Ut 2 5 32 A51,=0.11, A132/133233=0.07 1607.08079
Bilinear RPV CMSSM 2eu(SS) 03bh Yes 203 m(@)=m(z), crsp<1 mm 1404.2500
X|)(| s AWX‘,X] —eev, ey, gy dep = Yes 13.3 m(P)>400GeV, 212420 (k = 1,2) ATLAS-CONF-2016-075
S | XA —»wx‘,’.)(, STTV,, €TV Beu+t = Yes 203 m(E)>0.2xm(Fi), 4133£0 1405.5086
% 22, g_,q,,y, . X\ - qqq 0 4-5large-Rjets - 36.1 m(E)=1075 GeV SUSY-2016-22
28, g1, X — qqq Tep 810jets/0-4b - 36.1 me)= 1TeV, 412#0 1704.08493
28, -0t iobs 1e,u 810jets/0-4b - 36.1 m(@i)=1TeV, A3#0 1704.08493
iy, ij—bs 0 2jets+2b - 36.7 1710.07171
hh, h-bt 2ep 2h % 36.1 BR(f, —be/u)>20% 1710.05544
Other Scalar charm, é—ct) 0 2¢ Yes 203 m(¥})<200GeV 1501.01325

*Only a selection of the available mass limits on new states or
phenomena is shown. Many of the limits are based on Mass scale [TeV]
simplified models, c.f. refs. for the assumptions made. 4
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ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

ATLAS BSM Modelling challenge - Scope

ATLAS Preliminary

Status: July 2017 [Ldt=(3.2-37.0)fb! Vs=8,13TeV
Model t,y Jetst ET [rdim] Limit Reference
T T L T T T T T T
@ ADD Gk +g/q Oeu 1-4j Yes 36.1 Mp 7.75 TeV n=2 ATLAS-CONF-2017-060
§ ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n=3HLZNLO CERN-EP-2017-132
2 | ADDQBH - 2j - 370 My 89TeV n-6 1703.09217
g ADD BH high 3. pr >lepu >2j - 32 My 8.2TeV n=6,Mp = 3TeV, rot BH 1606.02265
B ADD BH multijet - >3j = 3.6 Min 9.55TeV n=6, Mp=3TeV,rot BH 1512.02586
® RS1 Gki = yy 2y - - 36.7 Gk mass 4.1 TeV k/Mp; = 0.1 CERN-EP-2017-132
5 Bulk RS Gy —» WW — qqlv Tep 1J Yes  36.1 Gk mass 1.75 TeV k/Mp; = 1.0 ATLAS-CONF-2017-051
2UED/RPP 1e,u0 =22b,23j Yes 13.2 KK mass 1.6 TeV Tier (1,1), B(A®Y — tt) = 1 ATLAS-CONF-2016-104
SSM Z" — (t 2epu - = 36.1 Z’ mass 4.5 TeV ATLAS-CONF-2017-027
%) SSM Z’ — 17 27 i = 36.1 Z' mass 2.4 TeV ATLAS-CONF-2017-050
E Leptophobic Z’ — bb - 2b = 3.2 Z' mass 1.5TeV 1603.08791
§ Leptophobic Z’ — tt 1eu >1b,>1J2) Yes 32 |z mass 2.0 TeV r/m=3% ATLAS-CONF-2016-014
o SSM W’ — (v Ten = Yes 36.1 W’ mass 5.1 TeV 1706.04786
S HVT V' - WV — qqqgmodel B Oe,u 2J - 36.7 |V mass 3.5TeV 8 =3 CERN-EP-2017-147
é‘,‘ HVT V' — WH/ZH model B multi-channel 36.1 V' mass 293 TeV gv=3 ATLAS-CONF-2017-055
LRSM W}, — tb e 2b,0-1]  Yes 203 1410.4103
Cl qqqq b 2j = 37.0 A 21.8TeV 7 1703.00217
G  cittgq 2ep - - 361 A 404TeV 7, | ATLAS-CONF-2017-027
Cl uutt 2(88)/z8eu21b,21j Yes 203 |Crrl =1 1504.04605
= Axial-vector mediator (Dirac DM) Oe,u 1-4j Yes 36.1 Mmed 1.5 TeV 84=0.25, g,=1.0, m(y) < 400 GeV | ATLAS-CONF-2017-060
aQ Vector mediator (Dirac DM) Oe,pu, 1y <1j Yes 36.1 Mined 1.2 TeV 84=0.25, g,=1.0, m(y) < 480 GeV 1704.03848
VVyy EFT (Dirac DM) Oe,u 1J,€1)  Yes 3.2 M. 700 GeV m(y) < 150 GeV 1608.02372
Scalar LQ 1°* gen 2e >2j - 3.2 LQ mass 1.1 TeV B=1 1605.06035
9, Scalar LQ 2™ gen 2pu >2]j - 3.2 LQ mass 1.05 TeV p=1 1605.06035
Scalar LQ 3" gen le,p  21b,23] Yes 203 B=0 1508.04735
w | VLQTT - Ht+ X Oorieyu 22b>3] Yes 132 |Tmass 1.2TeV B(T - Ht) = ATLAS-CONF-2016-104
£ | VIQTT - Zt+X lep 21b23] Yes 361 |Tmass 1.16 TeV B(T - Zt)=1 1705.10751
g. VLQ TT - Wb+ X feu 21b>142 Yes 364 [Tmass 1.35 TeV B(T - Wb) =1 CERN-EP-2017-094
S| VLQBB - Hb+ X lep 22b,23] Yes 203 B(B— Hb) =1 1505.04306
% VLQ BB - Zb+ X 2/23e,u 22/21b - 203 BB Zb) =1 1409.5500
e VLQ BB — Wt+ X 1e,p 21b,21J/2) Yes 36.1 B mass 1.25 TeV B(B - Wt) =1 CERN-EP-2017-094
VLQ QQ —» WqWgq 1ep >4j Yes 20.3 1509.04261
Excited quark g* — qg - 2j . 37.0 q* mass 6.0 TeV only u* and d*, A = m(q"*) 1703.09127
o g Excited quark g* — qy 1y 1j = 36.7 q° mass 5.3 TeV only u* and d*, A = m(q") CERN-EP-2017-148
28 Excited quark b* — bg = 1b1] - 133 |b*mass 23TeV ATLAS-CONF-2016-060
é’j § Excited quark b* — Wit lor2eu 1b,20] Yes 20.3 fo=fi=fr=1 1510.02664
L Excited lepton ¢* Beu - = 20.3 A=3.0TeV 1411.2921
Excited lepton v* Seut = = 20.3 A=16TeV 1411.2921
LRSM Majorana v 2ep 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H** — (¢ 234eu(SS) - - 36.1 H** mass 870 GeV DY production ATLAS-CONF-2017-053
5 Higgs triplet H** — (1 Beut - - 20.3 DY production, B(H;* — 1) =1 1411.2921
£ | Monotop (non-res prod) 1epn 1b Yes 203 Bnon-res = 0.2 1410.5404
5 Multi-charged particles - - - 20.3 DY production, |g| = 5e 1504.04188
Magnetic monopoles - - — 7.0 DY production, |g| = 1gp, spin 1/2 1509.08059
P | " L MR | " L PR
Vs=13TeV 1
- 10 1 10 Mass scale [TeV]

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

/effef/(J)'ATLAS Exotics summary

‘+Small-radius (large-radius) jets are denoted by the



ATLAS BSM Modelling challenge - Scope

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

Status: July 2017 fll dt = (3.2—37.0) fb? Vs=8,13TeV
. Emiss = o
Model t,y Jetsi E Ldt[b™] Limit Reference
T
« ADD Gk +g/q Oeu 1-4j Yes 36.1 Mp 7.75 TeV n=2 ATLAS-CONF-2017-060
.5 ADD non-resonant yy 2y = = 36.7 Ms 8.6 TeV n=3HLZNLO CERN-EP-2017-132
® .
c ADD QBH = 2j = 37.0 My, 8.9 TeV n==6 1703.09217
g ADD BH high 3. pr >lepu >2j - 32 | My 8.2TeV n=6,Mp = 3TeV, rot BH 1606.02265
B ADD BH multijet - >3j = 3.6 Min 9.55TeV n=6, Mp=3TeV,rot BH 1512.02586
® RS1 Gki = yy 2y - - 36.7 Gk mass 4.1 TeV k/Mp; = 0.1 CERN-EP-2017-132
L‘ﬁ Bulk RS Gy — WW — qqlv 1eu 1J Yes 361 | Gk mass 1.75 TeV. k/Mp; = 1.0 ATLAS-CONF-2017-051
2UED/RPP leu =22b,23j] Yes 132 |KKmass 1.6 TeV Tier (1,1), BA®Y — tt) =1 ATLAS-CONF-2016-104
SSM Z’ — (¢ 2epu - - 36.1 Z’ mass 4.5 TeV ATLAS-CONF-2017-027
%) SSM Z’ — 17 27 i = 36.1 Z' mass 2.4 TeV ATLAS-CONF-2017-050
E Leptophobic Z’ — bb - 2b = 3.2 Z' mass 1.5TeV 1603.08791
é’ Leptophobic Z’ — tt Te,p 21b,21J/2) Yes 32 Z' mass 2.0 Tev r/m=3% ATLAS-CONF-2016-014
o SSM W’ — v Ten = Yes 36.1 W’ mass 5.1 TeV 1706.04786
D HVT V' > WV - qqqq model a L T == CERN-EP-2017-147
g HVT V’ — WH/ZH model B ATLAS-CONF-2017-055
LRSM W}, — tb . I f d . H H h 1410.4103
R
LR W] 15 We can move in a lot of directions at once in the
Clqqqq . . i 1703.09217
S ciiar search program, Signal modelling tools need:
Cl uutt 1504.04605
= Axial-vector mediator (Dirac DM) , m(x) <400 GeV | ATLAS-CONF-2017-060
S Vector mediator (Dirac DM) , m(y) < 480 GeV 1704.03848
VVyy EFT (Dirac DM) FI .b.l.t 1608.02372
Scalar LQ 1% gen L ex' I I y 1605.06035
Scalar LQ 2™ gen . . 1605.06035
Sealer LO3 gen e Automation where possible
w | VLQTT - Ht+ X ATLAS-CONF-2016-104
x .
= VIQTT - Zt+ X A f b I 1705.10751
g VIQTT - Wb+ X . S aSt aS pOSSI e 1 CERN-EP-2017-094
S, VIQBB - Hb+ X L 1505.04306
§ VBB Zb+X 1409.5500
£ VIQBB - Wit X 1 CERN-EP-2017-094
VLQ QQ — WqWq 1509.04261
Excited quark g* — qg T ny eV L =m(q") 1703.09127
E g Excited quark g* — qy 1y 1j - 36.7 5.3 TeV only u* and d*, A = m(q") CERN-EP-2017-148
= Q  Excited quark b* — bg - 1b,1j - 13.3 ATLAS-CONF-2016-060
lﬁ E Excited quark b* — Wit lor2eu 1b,20] Yes 20.3 fo=fi=fr=1 1510.02664
L Excited lepton ¢* Beu - = 20.3 A=3.0TeV 1411.2921
Excited lepton v* Seut = = 20.3 A=16TeV 1411.2921
LRSM Majorana v 2ep 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H** — (¢ 234eu(SS) - - 361 | HE mass 870 GeV DY production ATLAS-CONF-2017-053
@  Higgs triplet H** — (r 3eut - - 20.3 DY production, B(H;* — 1) =1 1411.2921
g Monotop (non-res prod) 1ep 1b Yes 20.3 g =012 1410.5404
Multi-charged particles - - - 20.3 DY production, |g| = 5e 1504.04188
Magnetic monopoles - - — 7.0 DY production, |g| = 1gp, spin 1/2 1509.08059
P | L " M ar e | " L MR | " L PR

10

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

letter j (J)‘ATLAS Exotics summary

Mass scale [TeV]

‘+Small-radius (large-radius) jets are denoted by the



ATLAS BSM Modelling challenge - Accuracy

p, P + Hadrons

LHC theoretical predictions (BSM N

S
and SM) ) KT ‘-‘. 50 Hadrons v
e Tools need to lead to
, 5 0 0 { W~

predictions of particle level
final states in a hadron
collider

e Complicated!

suoJpeH

O O
¢t vy
Continually demand higher , 6
precision in SM backgrounds, K = Hadrons
i P, p
when d.o we worry about Signal 4 Hadron Decays
modelling?

Stolen from P. Richardson 7



Aside - Precision

SM processes missing comparable to signal
size? e.g. EW corrections

L e e e e B LI B
Background (SM) modelling ties into a lot of this E, 10 E  ATLAG ¢+ Data
discussion (again not the focus of this Q jgof vE-13TeV. 361" g ‘Z’BF_ H1.6TeV (G1h)
! o E H 27 5 vvaq +lets
Conference) 1] [ VB?cat. Ew—purity SR M. W+ ets
o = e
. > iboson
Searches generally seen to be: T : 2/ Total Uncectainty
102
e Stat limited :
e Systematically limited 10k
Limitation often driven from SM modelling e.g.: 1.0;
e Top/VpT _10 1k e
. . o E 12k f---4------ R
e Higher jet multiplicities 8 %/
, T 1.0 77 /
e Exotic phase space (e.g. VBF) g 08%//%/// //
L4 etc. % 1_5_____________1 ______ R L L R
S 1.0 mmmmmmm oo epmnag oo -
08_ 0.5p------ . oo L Lo T L T r
Does precision QCD necessitate precision signal - 050 075 100 125 1.50 1'7,5;# [Te%,'?o
claim sensitivity down to O(signal size)

ATLAS ZZ/ZW (VBF) 1708.09638 8


https://arxiv.org/abs/1708.09638

ATLAS BSM Modelling challenge - The detector

The detector itself presents a big

challenge to BSM modelling , A AT LAS

EXPERIMENT

Some BSM is very
dependent on our detector
response (e.g. Long Lived
Particles)

It can be a big barrier to
getting information out of
the collaboration

Simulation not in the scope of this | ks

Event: 563621388

conference (GEANT4 etc.) but ANLE-05-20 DA s2i6ndd GEST

M(JJ)=2.40 TeVv
worth remembering
Resonance search with boson tagged jets




ATLAS BSM Modelling challenge - The detector

The detector itself presents a big
challenge to BSM modelling

e Some BSM is very
dependent on our detector
response (e.g. Long Lived
Particles)

e It can be a big barrier to
getting information out of
the collaboration

Simulation not in the scope of this
conference (GEANT4 etc.) but
worth remembering

/

disappearing or
displaced kinked tracks
multitrack vertices \ .
non-pointing
----- (converted) photons

.
.”

, emerging jets
lepton-jets, or

lepton pairs

trackless,
low-EMF jets

quasi-stable

charged particles
multitrack vertices in the g Q

muon spectrometer

&/

LLP cartoon (credit Heather Russell) 10



WHERE WE ARE AT
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Where we are at

BUT

Personal perspective:

Largely appear to be happy with the tools we have from
an experimental PoV

Not uncommon to hear people grabbing a model from
theory friends to test - standardized formats to get

these into ATLAS simulation exist
o  This is a big positive

Can we rest on our laurels on the BSM side?
Where do we need to push for progress?

EXPERIMENT

Run Number: 348197, Event Number: 562578

Date: 2018-04-17 13:05:13 CEST

12
2018 first events



Where we are at

We are no longer jumping in Energy, and there’s still no new physics, this challenges our search approach

B

Q
e
E
- stat limited
O
0
2 "
S high Q very highQ
Where precision background knowledge M [Te\/] Stolen from G. Facini

makes a difference



Minor(?) item - NLO QCD in BSM

H H H H = 8 [0 0 = N WL L L B B L LN NS B
QbV|ou§ benefits from SM mpdelllng in 3 EATLAS Preliminary I 2”:”;3?‘.6
increasing order of perturbative accuracy: 2 10 E 5 _13Tev,36.1 b -% sz‘vav’) ”:t:

L%’ 10° Si%na;l Regié’;"v = s B W ) + jets
. = p_(j1)>250 GeV, E™**>250 Ge B Z(— 1) + jets
e Can we repeat same recipe for BSM TR iy " —— [
o Do we need to? 3 5 N Dibosons
. = 10 multijets + ncb
e Atvery least we do analysis I T m(B, 7) = (500, 495) GeV
.. . 10 (m_ . M__)=(400, 1000) GeV
optimisation to BSM shape AD"B‘,an")Mfsmoeev
o  Oftenina “cut and count” paradigm 1085 B eeerrrer
o Do NLO shape differences yield much 1= . o o DS IR
over k-factors? R - v e A ]

— Pragmatism is important

Data/ SM

Some cases of NLO BSM implemented in 08300 400 500 600 700 800 900 1000 1100 1200
generators, initiatives such as LHCDMWG ET™ [GeV]
helpful here

ATLAS Monojet, 1/11.03301 14


https://arxiv.org/abs/1711.03301

SUSY in ATLAS

-lﬁ' T

> Nezay I o LTS St esy el ke
Q ¢ data
: . ATLAS b
Procedure fairly Standardised across most O b V13 Tev, 361 1o — (900 GeV) - e i
SUSY analyses Q SR800 (1250 Gev) 1 diboson
- 10° - DtV
0 — — 1(1600 GeV) B Wajets
e Signal ME production MG5_aMC@NLO S 102 W, stat.
o  Up to two additional partons in the ME L1>J

e Merged and Matched to Pythia 8 10

(CKKW-L) 1
e Use Simplified Models (decouple

. . 107" ‘ £ i : X :
everything you aren’t studying) | | ' O i |, . T
e Cross section normalised in nearly all % Z I 7
cases to NLO+NLL % 1 W o S
O %0 200 400 600 800 1000 1200 1400 1600 1800 2000
mp, [GeV]
ATLAS RPV stop search, 1710.05544
e Results largely limits on visible SR800
cross sections derived from inclusive ee e oL
simplified models. Se 6.4179 4158 40155 3.9%0%
e How do we interpret these (see 5% 4.0 3.0 3.0 4.8
SModelS, etc.) Ovis[fb] 011 0.08 0.08 0.13 15



https://arxiv.org/abs/1710.05544

SUSY in ATLAS

~0
Interpretation of the base analyses can be ATLAS PMSSM: %, LSP
done with more complete models: > 1 L R T R S ied 1 °
O i — § — qY [1405.7875] ]
O, | /s=8TeV, 20.3 b : 2
e pPMSSM — 800 e 8 9
. . 12 C
o  Decide on some base constraints to E i o
reduce parameter space N g
e Generate 310,327 model points 600 —0.6§
e SoftSUSY and MicroOMEGAs used to g -
calculate sparticle spectrum (amongst 400'_ 045
other tools) i 5
e Where needed use full MC tools as per i L‘Ll’
previous slide, with ATLAS detector 200~ 0.2
sim i
O -
0 500 1000 1500
We can use the full simulation to do this, how m(q) [GeV]
hi h i |d?
do we extend this to the outside world ATLAS Run 1 pMSSM scan, 1508.06608

16


https://arxiv.org/abs/1508.06608

SUSY in ATLAS

What Works:

e Simplified Model paradigm is very attractive from the experiments PoV
o  What do our results mean once we've decoupled the SUSY from a SUSY paper?
e Tools well established for both event generation and SUSY model study as a whole

What Doesn't:

e Are we missing anything with a lack of diversity in generator setup

o  Uncertainties due to, e.g. PS modelling in signal samples should be negligible
e  SUSY problem, mixed processes in LHE files (with merging)

o  How do we do merging with multiple signal processes in one file

o  Ongoing work to “guess” process for matching in Pythia

17



Exotics in ATLAS

£ ' ST R I R AR e I ki ! R Kb i
o ATLAS j
. ~ 10 = -1 E
Broader catch all for any BSM signal, largely done g E. 13[;::/5 i =
.. . . . 6
through a similar toolchain with more variety, here | © 10°2 Background fit E
N : — BumpHunter interval =
Dijet 2015+2016 (1703.09127) paper considers: W oo e qi{":,f”i”fg ?es,wa =
io* - ) iy mZ‘ =5.0TeV -
Excited QUarkS [R] - Pythla 8 .‘.""”"'b.'::axa:xq.'.m:n é
3 =
Black Holes - BlackMax + Pythia 10’ e =
= o =
e W/Z-MG + Pythia * 10° = m"‘:. 5
e W*-CalcHEP + Pythia 105 ¢* ox10 -
= p-value = 0.63 kN 3
1= FitRange: 1.1-8.2 TeV ni N =
LF Il<os6 |lh| s
o0 By Pt L L il
Plus many more across the group, plus optionswe | £ 2
have but don't use. Simplified models with g _(2’5_
automated generator interfaces, via e.g. UFO D B
9 0.5 i .
(Feynrules) very successful Elg o SR o]\
D _O.S__ 1 I [ R T (o 11 L L LR IENENEEEE] IIIIIIIIIIIII{}tl IIIIIIII II%

2 3 4 5 6 7 89
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*Efforts on unity and benchmarking simplified DM models, LHCDMWG


https://arxiv.org/abs/1703.09127
https://arxiv.org/pdf/1603.04156.pdf
https://arxiv.org/abs/1703.09127

Exotics in ATLAS
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Also effort made to do something more “model
independent” for re-interpretability:

e Inthis case present limits on o x

Acceptance
o  For considered models
o And hypothetical Gaussian signal

o X A X BR [pb]
|—\

S

o [

—> Not perfect, Acceptance still dependent on 107 E_ _§
considered model, e.g. in this example, what can - .
we say about signals beyond narrow width 3 i 1
Gaussian? 10 3 S g E
- (s=13 TeV, 37.0 fb™ .
| ATLAS ]
—4 Ly | | ! ! ! | | ! L | |
e 2 4 6

A lot of work/thought goes on at this interface

mg [TeV]

ATLAS Dijet search 1703.09127
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https://arxiv.org/abs/1703.09127

Exotics in ATLAS

What Works:

e The move to emphasis on Simplified Models rather than “complete” implementations gives the
desired flexibility and abstracts most of the more tricky model questions from the experiment

o  Thisis a good direction
o  Have to keep an eye on this - Lot of work going into a simplified model with no viable UV complete embedding?

What Doesn't:

e Hopefully all UFO files can be public, Model database efforts welcome

e Flexibility begets instability
o Use standarized PDG ID codes for common BSM (Z’ etc.)
o  More tests! Things can crash out of the box
e Similar question marks on diversity of tools, maybe not so important?

e When we cover something more unexpected, long lived particles, the tools are less mature
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WHAT CAN THE
EXPERIMENT DO TO HELP?
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How can our results help - Signal regions

Example again from SUSY group

e Provide acceptance and efficiency numbers

e Validated cutflow
o  Can we harmonize with a tool like CheckMATE,
Rivet etc.

Go beyond single regions?

e Correlations
e Simplified Likelihoods? (CMS progress here)
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g g production, g— tfi?, m(t,) >> m(g)
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B All limits at 95% CL ]
1200 — —
: - o 41 :
1000 [ 0.8 11
800 oo g™ sz 7 15 a2\ (M, 54
600 - 40
400 39| 37
200 63 4.9 44 37 l',:;:.s 3.::_5—_
1 1 1 1 | 1 1 1 | 1 l' .l ]
800 1000 1200 1400 1600 1800
m [GeV]

ATLAS Same sign lepton, 1706.03731

HepData Record

SQRT(S) 13000.0 GEV
Signal region (best) Rpc2L2bH
J M(GLUINO) M(NEUTRALINO1) BestSR SIG ACC EFF
[GEV] [GEV] 95%CL [PCT] [PCT]
i [FB]
700 355 Rpc2lsoft2b 125 0.1 51
700 440 Rpc2L2bS 238 0 39
700 490 Rpc2Lsoftlb 449 0 83
800 455 Rpc2lsoft2b 121 0.1 45

Numbers give 95% CL excluded model cross sections [fb]


https://hepdata.net/record/ins1604276
https://arxiv.org/abs/1706.03731
https://arxiv.org/abs/1706.03731
https://hepdata.net/record/ins1604276

How can our results help - Signal regions
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Exotics example, the “nuclear option” 10— > 1 jet | —]
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ATLAS Unfolded MET 1707.03263
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https://arxiv.org/abs/1707.03263

How can our results help - Control regions
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https://arxiv.org/abs/1702.05725

How can our results help - Control regions
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ATLAS DM + Higgs 1609.04572
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https://arxiv.org/abs/1609.04572

More than limits

e How do we compare non unfolded (detector level) results to MC outside of ATLAS
o  Applies to both SR'’s for recasting and CR'’s used for improving SM modelling
e Forward folding, prefit background calculations etc. useful?
o  Easyto say yes! But has to be used for the experiment to see it as useful effort
e Where can we make measurements we don't already measure that will help BSM search region
calculations
o Where do we need to unfold and where do we not?

(Re)interpreting the results of new physics searches at the LHC

14 May 2018,09:00 — 16 May 2018, 18:00 Europe/Zurich
@ 500-1-001 - Main Auditorium (CERN)

s Sabine Kraml (Centre National de |a Recherche Scientifique (FR)), Pat Scott, Michelangelo Mangano (CERN)

Many recasting workshops
and efforts to get involved

Description The LHC collaborations are pursuing searches for new physics in a vast va

hemselves interpretations of their results, for instance in terms of simplifi

Theory_experiment searches requires the interpretation of the experimental results in the conte -
interactions vital with close theory-experiment interaction and with several public tools being developed.
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Conclusion

Hopefully a snapshot of where we are at in ATLAS

e Theres a lot that seems to work well on the BSM front
o Where do we need to do more

e Main challenges seem to be on feeding back the results to the broader community

Thanks for listening
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