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My top 5

1. The Hierarchy Problem: why is the Higgs light?
2. Dark matter: what is it? (Graciela)

3. Baryogenesis: why so much matter?

4. Strong CP problem: why no neutron EDM?

5. Grand unification: why is Y quantized?
Bonus: relation to neutrino mass”?(Joachim)
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Particle Physics, circa 1990s

(chiral) fundamental forces

Field Spin SU(3). SU(2)r U()y

matter particles
T o & s O
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Particle Physics, circa 1990s

fundamental forces

Field Spin SU(3). SU(2)r U()y

~matter particles

O 1 1/2

or something to explain
unitarity of WW scattering
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ME CALL IT A
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Physicists Find Elusive Particle Seen as Key to Universe

By DENNIS OVERBYE JULY 4, 2012

Scientists in Geneva on Wednesday applauded the discovery of a subatomic particle that looks like the Higgs boson.
Pool photo by Denis Balibouse

D. Overpye, New York Times, 4 July 2012 10
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The Hierarchv Problem

The Higgs has a
snowball's chance in
hell of being 125 GeV.

(and yet here we are)

FT, Quantum Diaries, “The Hierarchy Problem” (2012)
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Analogy: thermal randomness
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quantum contributions to Higgs mass
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Other “hierarchy problems” ?

Standard Model Fermions Massive Gauge Bosons
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...what about dim-reg?

e 1 (=1)mi Tn-) (_1_)72—%
| Gy a7 =~ @ T (3
(P(2-9y , 12— | .
(4m)/2 (z) - e [ los s~ tloatdm) OM)
LE =4 — d. y

voila, no quadratic divergences!
... but it was never about quaadratic divergences

from Peskin & Schroeder, Introduction to Quantum Field Theory
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...what about dim-reg?
AT = DTt

Hierarchy problem is about separation of scales.

16
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...what about dim-reg?

... even If we sequester the new physics.

17
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Frameworks for Hierarchy Problem

Supersymmetry: enforce a cancellation

Extra dimensions: effective UV scale is lower...
maybe because gravity is diluted in 5D?

Compositeness: effective UV scale is lower...
because you resolve Higgs substructure

Other? maybe that’s just the way things are.

18
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The semi-classical electron

Why is the mass of electron small?

Imagine bringing together
pleces of the electron

- 9
G/,i\ from far away.
'
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The semi-classical electron

E = me* @ wext M = e MeV

= M, c® . AE s\
- enRay

. W' U otserF
1}1 (%:f ZDWG&)\-Q Yoy Se\C- Cepu\SVO/)

“codius o¥ e
eycF\’: Ce ~ \Q *
= AE > |0 GeV

AE CoylomB -

GeV cm = 5 x 1017
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The semi-classical electron

mc = @ ¥ AE'QQ\)\O(““D
0.5 MoV \0 oo MeV/

-9999.5 MoV
> 0.1°, TuNg |
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The semi-classical electron

If the electron is semiclassically natural, then the
correction should be no larger than ~ me

GeV cm = 5 x 1017
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The semi-classical electron

We know something interesting happens on
length scales on the order of the electron mass.

vacuum polarization from
virtual particle-antiparticle pairs

renormalization of charge,
-t t = screening by virtual pairs

GeV cm = 5 x 1017
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Supersymmetry
a qualitative introduction

S. Martin, A SUSY Primer hep-ph/9709356
Quevedo et al. Cambridge Lectures on SUSY 1011.1491

25
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Supersymmetry

i ¥
> . 3 e ¥ ¥
A % < KNP = . A
g x z IV ¢ e
‘ oS 2 ' WA R T ML ) T
[ ymdaiad e o P o ey Dt Y
4 4 '3 [ | . r " et L
g . R et B : e -
i e T e e . i
8 ( » ¥ o 33
3 v e S v AN 1
. . 5 r " 7 PO e s T U iy h »
2 5 \ A N S At Ll e 3
AL 5 e N e 1A R
\ X ¥ e e 0E S
> ’ :\;"’. )
«'v g > o AR 5 Th e e S .
¥ o f ' v : -
% cf o e i § 5 A e tn s ’
’ A i L7 et AT A oo 1 : 3 Vs 2
“u . ot e # #
3 ¥ 2 oA 4y J Wty ) T
- Lo 0 -e s Mk Tok?
4 . : s ‘. e A n N P Wo -
P Ty | ; . : e,
e T T . s % Y -
B s 24 G i Bl 2y S
G S A
’ e B .
4o PRI -
Y
4 )
y
s
-
-
:
¢

flip.tanedo@ucr.edu TRISEP SUMMER SCHOOL 2019



Supersymmetry

VISIBLE STUFF NEW PARTICLES

matter particle @ «—— > | force particle

force particle = «—— matter particle
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Supersymmetry

VISIBLE STUFF NEW PARTICLES

5
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superpartners also contribute to Higgs mass

28
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why this could work

1
Sm2, — 6A + 7 (9 +3¢”) =

relative sign between boson
and fermion loops

... Just need [super]symmetry to enforce
appropriate particles and couplings

29
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the naming of squarks
The MSSM (s)particle content

... compare 1o “The Naming of Cats” by TS Eliot
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Multiplets to supermultiplets

also known as superfields

SviD) ReTaTiaN

flip.tanedo@ucr.edu



Rule of thumb: SUSY spectrum

O(y,0) =lp(y) + v20u(y) + 6> F(y)

Chiral superfield: matter superfield
complex scalar, Weyl fermion,

_ —& ~ 1 2)
V =~ 00"0Vu(@) + i6°0A(@) — i0°0A(@) + 56°6° D(x)

Vector superfield: force superfield
spin-1, Majorana fermion,

auxiliary fields are analogous to gauge-redundant degrees of freedom
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The superfields

vector superfields (forces)

Q) 3 2 1/6

U 3 1 —2/3

D 3 1 1/3

L 1 2 —1/2

E 1 1 —1

Hd 1 2 _1/2

H, 1 2 1/2
chiral (matter)
superfields

33
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example: quark doublet

\SF SUB3). SU2)L U(ly
Q) 3 2 1/6
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example: quark doublet
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The superfields

g/gluinos Wa/winos B/bino

L Hup sup-L

_H down @ 3 2 /6 sdown-L

RH up” U 3 1 —2/3  sup-R*

RH down* D 3 1 /3 sdown-R*

' H neutrino [, 1 Y —1/2 sneutrino

_Helectron g 1 1 1 selectron-L

RH electron® H, 1 > —1/s sglecﬁfon—R
+, H1 e | , 1/ NIgQSINOS
2 H- u NIgQgSIN0S

“sfermions” (squarks and sleptons) gauginos r\%
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Gaugino mixing

2 charginos + h.c.

____________ .
4 neuralinos .
AN\N\N\N\NN\- B WW%Z X’%%, "
ANANNNNN-~ WP AAAAAAA | [ ,
""""""" 1 ‘ i&Nmﬁ%H}
—_—
____________ ,

—_—J

We never talk about photinos or zinos.
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MSSM Feynman Rules
a cheater’s guide (SUSY limit)
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the dirty secret

1. take a Standard Model vertex
2. replace two particles with SUSY partners

3. make sure indices contract

flip.tanedo@ucr.edu TRISEP SUMMER SCHOOL 2019



example
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example
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example
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example
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example
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what you miss

Some quartic terms come from kinetic terms,
proportional to gauge coupling.
... may make you worry about Higgs sector!

46
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what you miss

other quartic terms come from Yukawa terms
... this is really important for cancellation of loops

47
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Other Interactions

A N, B xSF SU(3). SU(2), U(l)y
% Q 3 2 1/6

//k‘/ :y:\ U § 1 —2/3

B © D 3 1 1/3
L 1 2 —1/

E 1 1 —1

Hd 1 2 —1/2

H, 1 0) 1/2

More fields, more ways to put them together.
Pick gauge invariant combination of 3 XSF, A, C

48
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Other Interactions

Q \\,i //C{ XSE’ SU(3)C SU(Q)L U(l)y
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Other Interactions
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... first look at a superpotential

N e XSF SU 3)(: SU 2)L U(l)y
TR . Z \\ //
%gm?%m@ ~ X Q 3 2 1/6
. : 7 N\ — —
/7 XN U 3 1 —2/3
/ N\ — —
D 3 1 1/3
L 1 2 —1/
i) 1 1 —1
Cot X%ﬁ@ ~ ———— H, 1 2 —1/2
¥ J H, 1 0) 1/2

|

Weeod) —ii i, U7 + o7 Q" HyD + v L'HyE? + pnH, Hy

' pROdLEM AT (&
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The MSSM... approximately

Exercise 1: what are the particles of the
minimal supersymmetric Standard Model?

Exercise 2: what are the
SUSY interactions?
ignore quartics,

hint on the right

52
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there are no sparticles

The electron has an antiparticle with the same
properties except CP

... but it definitely does not have a super-partner
with the same properties except

We would have discovered it a long time ago.

54
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ATLAS SUSY Searches* - 95% CL Lower Limits

there are no sparticles

ATLAS Preliminary

July 2019 \Vs=13TeV
Model Signature  [£dr[fb7] Mass limit Reference
4, G—g%) Oe,p 2-6jets  EPM*  36.1 1.55 m(#})<100 GeV 1712.02332
o mono-jet  1-3jets EMS  36.1 0.71 m(g)-m(t})=5GeV 1711.03301
B 32, 2—qa%) Oe,u 2-6jets EMs 361 |z 2.0 m(¥))<200 GeV 1712.02332
% z Forbidden 0.95-1.6 m(})=900 GeV 1712.02332
B 2z i-qa(tOn Seu 4 jets 861 |z 1.85 m(&%)<800 GeV 1706.03731
® ee, iyt 2jets  EP 361 g 1.2 m(z)-m(¥})=50 GeV 1805.11381
= . . .
8 85 goqqWZ¥ ? Oep 7-1jets EPY 361 % 1.8 m(¥}) <400 GeV 1708.02794
=5 SSe,u 6 jets 139 | & 1.15 m(g)-m(¥1)=200 GeV ATLAS-CONF-2019-015
< -
= 838, §—>tt7?(|) 0-1e,u 3b EPS 798 4 2.25 m(¥})<200 GeV ATLAS-CONF-2018-041
SSe,u 6 jets 139 | % 1.25 m(z)-m(¥})=300 GeV ATLAS-CONF-2019-015
biby, by—b¥ Multiple 36.1 by Forbidden 0.9 m(E))=300 GeV, BR(H})=1 1708.09266, 1711.03301
Multiple 36.1 by Forbidden 0.58-0.82 m(¥})=300 GeV, BR(bY})=BR(t('{)=0.5 1708.09266
Multiple 139 by Forbidden 0.74 m(¥})=200 GeV, m(¥})=300 GeV, BR(z¥})=1 ATLAS-CONF-2019-015
w e Dbibb %Y = bhtY Oe.pt 6b Epis 139 | By Forbidden 0.23-1.35 Amw‘;,gg?);mo GeV, m(i?)~=01 00GeV SUSY-2018-31
<9 b 0.23-0.48 Am(F3,11)=130 GeV, m(¥})=0 GeV SUSY-2018-31
T S .
§_§ i1, 1= WhEY or i¥) 0-2e,u 02jets/1-2H EF™ 361 |4 1.0 m(E))=1 GeV 1506.08616, 1709.04183, 1711.11520
<5 Ofh —WbR) Teu Bjetsib EPS 139 |7 0.44-0.59 m(¥))=400 GeV ATLAS-CONF-2019-017
S5 i, i-fiby, 711G Tr+lept 2jets/t b EFS 361 | & 1.16 m(#1)=800 GeV 1803.10178
T L h, o) /8 cock) Oep 2¢  EMs 361 |z 0.85 m(r?)=0GeV 1805.01649
SRS ) il 0.46 m(i ,&)-m(X})=50 GeV 1805.01649
Oe,pu mono-et EFS 36.1 # 0.43 m(f, ,&)-m(¥})=5 GeV 1711.03301
fafy, hoii +h 1-2epu 4b EMs 361 |4 0.32-0.88 m(¥})=0 GeV, m(7,)-m(¥})= 180 GeV 1706.03986
b, h-oi +Z 3e,u 1b EMss 139 | 4 Forbidden 0.86 m(t})=360 GeV, m(7,)-m(¥})= 40 GeV ATLAS-CONF-2019-016
T
TR via Wz 23e.u Ep> 364 |G 0.6 m(¥})=0 1403.5294, 1806.02293
ee, jip >1 EPSS 139 | XK, 0.205 m(¥)-m(¥))=5 GeV ATLAS-CONF-2019-014
XX via ww 2e,n EMs 439 | 0.42 m()=0 ATLAS-CONF-2019-008
XS via Wh 0-lep  2b2y EMS 139 | ¥ /¥y Forbidden 0.74 m(¥))=70 GeV | ATLAS-CONF-2019-019, ATLAS-CONF-2019-XYZ
“ ) N . . i
= Q Nibivial/v 2e,u EMs 139 | 1.0 m(Z.7)=0.5(m(¥; )+m(t})) ATLAS-CONF-2019-008
- % 77, ‘”r—>‘r)?(1) 27 Eyiss 139 # [#L, 7R _ 0.12-0.39 m(X?):O ATLAS-CONF-2019-018
TLrlLR, -7 2e.p Ojets  Ems 439 |7 0.7 mE))=0 ATLAS-CONF-2019-008
2ep >1 EpS 139 7 0.256 m(?)-m(¥})=10 GeV ATLAS-CONF-2019-014
HH, H-hG|ZG Oe,p >3bh EMS 361 )74 0.13-0.23 0.29-0.88 BR(Y) — hG)=1 1806.04030
4ep Ojets  EP™  36.1 i 0.3 BR(Y — zG)=1 1804.03602
B o Direct ¥} ¥ prod., long-lived ¥ Disapp. trk ~ 1jet  EMS 361 Pure Wino 1712.02118
= % Pure Higgsino ATL-PHYS-PUB-2017-019
o=
2 % Stable g R-hadron Multiple 36.1 1902.01636,1808.04095
S 2 Metastable & R-hadron, 3—qgf) Multiple 36.1 m(t})=100 GeV 1710.04901,1808.04095
LFV pp—, + X, Vr—eu/et/ut ep,et,ut 3.2 A5,,=0.11, A132/133233=0.07 1607.08079
YEXT 10 — wwyzeeeevy 4epu Ojets  Epss 361 m(¥})=100 GeV 1804.03602
83, gaqq/??, )?(1) - qqq 4-5large-R jets 36.1 Large 17, 1804.03568
> Multiple 36.1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
Qa
77 it X = tbs Multiple 36.1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
iy, f—bs 2jets+2b 36.7 1710.07171
hi, f1—ql 2ep 2b 36.1 BR(7, —be/bu)>20% 1710.05544
1p DV 136 BR(f—qy)=100%, cos6,=1 ATLAS-CONF-2019-006

*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.

ATLAS SUSY summary results
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there are no sparticles

ATLAS SUSY Searches* - 95% C

L Lower Limits

ATLAS Preliminary

July 2019 \Vs=13TeV
Signature  [Ladr [ Mass limit Reference
4, 4—g%) Oe,u 2-6jets  EmsS 0.9 1.55 m(e%)<100 GeV 1712.02332
o mono-jet  1-3jets  EMiss 0.43 0.71 m(g)-m(t})=5 GeV 1711.03301
S @ eoad) Oeu  26jets  Ep' 2.0 m(¥})<200 GeV 1712.02332
% Forbidden 0.95-1.6 m(})=900 GeV 1712.02332
3epu 4 jets ) 1.85 m(¥})<800 GeV 1706.03731
. ee, it 2jets  Epis 1.2 m(z)-m(¥})=50 GeV 1805.11381
Oe,u 7-11jets  Emiss 1.8 m(¥}) <400 GeV 1708.02794
SSe,u 6 jets 1.15 m(z)-m(¥})=200 GeV ATLAS-CONF-2019-015
0-1epu 3b Emiss 2.25 m(e})<200 GeV ATLAS-CONF-2018-041
SS e, u 6 jets 1.25 m(g)-m(¥})=300 GeV ATLAS-CONF-2019-015
Multiple 0.9 m(¥})=300GeV, BR(bY})=1 1708.09266, 1711.03301
Multiple 0.58-0.82 m(¥})=300 GeV, BR(b¥})=BR(:{})=0.5 1708.09266
Multiple 0.74 m(¥7)=200 GeV, m(¥})=300 GeV, BR(:{})=1 ATLAS-CONF-2019-015
6b Episs 0.23-1.35 Am(¥3,¥1)=130 GeV, m({})=100 GeV SUSY-2018-31
Am(¥s.¥)=130GeV, m(])=0 GeV SUSY-2018-31
£/1-2 b Emiss 1.0 m(¥})=1GeV 1506.08616, 1709.04183, 1711.11520
Emis m(¥)=400 GeV ATLAS-CONF-2019-017
Emis 1.16 m(71)=800 GeV 1803.10178
Emiss 0.85 m(¥)=0 GeV 1805.01649
) m(7, ,&)-m(¥))=50 GeV 1805.01649
Episs m(7, ,&)-m(¥})=5 GeV 1711.03301
Eiss 0.32-0.88 m(E})=0 GeV, m(i,)-m(¥})= 180 GeV 1706.03986
Eimiss 0.86 m(¥})=360GeV, m(i;)-m(¥})= 40 GeV ATLAS-CONF-2019-016
s m()=0 1403.5294, 1806.02293
Ehis mEE)-m(E)=5 GeV ATLAS-CONF-2019-014
— 0 Emis m(¥)=0 ATLAS-CONF-2019-008
1 EMs 139 [ @@ Foridden 0.74 m(¥))=70 GeV | ATLAS-CONF-2019-019, ATLAS-CONF-2019-XYZ
EPFs 139 | A 1.0 m(Z,%)=0.5(m(¥; J+m(¥}) ATLAS-CONF-2019-008
Emss 139 |7 L 7R 0:1670:3] 0.12-0.39 m(¥})=0 ATLAS-CONF-2019-018
Es 130 |z 0.7 m(¥)=0 ATLAS-CONF-2019-008
EFS 139 | ¢ 0.256 m(?)-m(¥})=10 GeV ATLAS-CONF-2019-014
EMs 361 | @ 0.13-0.23 0.29-0.88 BR(Y| — hG)=1 1806.04030
EPS 361 | & 0.3 BR(Y — ZG)=1 1804.03602
E?iss 36.1 b5 0.46 Pure Wino 1712.02118
)?‘i‘ 0.15 Pure Higgsino ATL-PHYS-PUB-2017-019
Multiple 361 |2 2.0 1902.01636,1808.04095
Multiple 36.1 g [t(8) =10ns, 0.2 ns] 2.05 2.4 m()?‘,’):100 GeV 1710.04901,1808.04095
ep,eT.ut 3.2 Ve 1.9 A5,=0.11, A132/133/233=0.07 1607.08079
dep Ojets  EPs 361 |G A E00ABLE0] 0.82 1.33 m(¥})=100 GeV 1804.03602
38, 5—q0%), X} = qqq 4-5 large-R jets 36.1 |z [m(¥})=200 GeV, 13 1.9 Large A7, 1804.03568
> Multiple 36.1 g [,=2clel m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
o
O 7 it ) = 1bs Multiple ATLAS-CONF-2018-003
f\fy, i1 —bs 2jets+2b 1710.07171
fif, fi—qt 2epn 2b BR(7, —be/bu)>20% 1710.05544
1u DV BR(71 —qu)=100%, cost,=1 ATLAS-CONF-2019-006

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

SUSY is not a good symmetry of nature.
c.t. electroweak symmetry

Can it solve the Hierarchy Problem?
Soft SUSY breaking

A
2 2
ATnH — Moty _1671'2

ln(AUv/mSOft) + ...
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proton decay

U L Pr = (_)S(B—L)+23
757
> - _
}3 g( Pr[ ordinary matter | = +
J Pr[ superpartner | = —
U I_L

Weeod) Qi U7 + y? Q' HyD + ¥ L'HyE? + puH, H,
W(bad zngzL]Dk: 4 )\kazL]Ek 4+ )\z LzH 4 )\Z]szDg Uk

Added bonus:
lightest superpartner is stable.

Image: We Have No ldea, \Whiteson & Cham
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electroweak symmetry breaking
The Higgs potential is a challenge in SUSY.

1 2
Vie = (9% + %) (HOP = 1HYE) + > (Il + %) | 2B, Re(HUHY)

1=u,d

Two Higgses, both get vevs.
Only one quartic direction (other is D-flat)

Relies on apparent conspiracy between
supersymmetric and SUSY-beaking terms.

59
flip.tanedo@ucr.edu TRISEP SUMMER SCHOOL 2019 /70‘



flip.tanedo@ucr.edu TRISEP SUMMER SCHOOL 2019



Solves Hierarchy Problem

T,
T N ¢
3& %‘% ---:iﬁn'.---

Symmetry principle that protects Higgs mass from
guantum corrections in the UV.
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gauge unification for free

0%~"4 "6 8 10 12 14 16 18
Log, ,(Q/GeV)

S. Martin hep-ph/9709356 Fig 6.8
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nice dark matter candidate

Requirements: stable, uncharged.
What’s a good dark matter candidate?

caveat:

.. R-pa

flip.tanedo@u

nere’'s g

ity and a

cr.edu

ot we're swee
| that (for now)

oiINg under the rug
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nice dark matter candidate

Requirements: stable, uncharged.
What’s a good dark matter candidate?

caveat:
... R-pa

nere’'s g

ity and a

ot we're sweeping under the rug
| that (for now)

sometimes: gravitino is lightest such state

flip.tanedo@u

cr.edu
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The MSSM is...

simple enough to understand how and why it
works (at least in the SUSY limit)

complex enough to generate many kinds of
phenomenological signatures
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natural SUSY spectrum
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ATLAS SUSY Searches* - 95% CL Lower Limits

there are no sparticles

ATLAS Preliminary

July 2019 \Vs=13TeV
Model Signature  [£dr[fb7] Mass limit Reference
4, G—g%) Oe,p 2-6jets  EPM*  36.1 1.55 m(#})<100 GeV 1712.02332
o mono-jet  1-3jets EMS  36.1 0.71 m(g)-m(t})=5GeV 1711.03301
B 32, 2—qa%) Oe,u 2-6jets EMs 361 |z 2.0 m(¥))<200 GeV 1712.02332
% z Forbidden 0.95-1.6 m(})=900 GeV 1712.02332
B 2z i-qa(tOn Seu 4 jets 861 |z 1.85 m(&%)<800 GeV 1706.03731
® ee, iyt 2jets  EP 361 g 1.2 m(z)-m(¥})=50 GeV 1805.11381
= . . .
8 85 goqqWZ¥ ? Oep 7-1jets EPY 361 % 1.8 m(¥}) <400 GeV 1708.02794
=5 SSe,u 6 jets 139 | & 1.15 m(g)-m(¥1)=200 GeV ATLAS-CONF-2019-015
< -
= 838, §—>tt7?(|) 0-1e,u 3b EPS 798 4 2.25 m(¥})<200 GeV ATLAS-CONF-2018-041
SSe,u 6 jets 139 | % 1.25 m(z)-m(¥})=300 GeV ATLAS-CONF-2019-015
biby, by—b¥ Multiple 36.1 by Forbidden 0.9 m(E))=300 GeV, BR(H})=1 1708.09266, 1711.03301
Multiple 36.1 by Forbidden 0.58-0.82 m(¥})=300 GeV, BR(bY})=BR(t('{)=0.5 1708.09266
Multiple 139 by Forbidden 0.74 m(¥})=200 GeV, m(¥})=300 GeV, BR(z¥})=1 ATLAS-CONF-2019-015
w e Dbibb %Y = bhtY Oe.pt 6b Epis 139 | By Forbidden 0.23-1.35 Amw‘;,gg?);mo GeV, m(i?)~=01 00GeV SUSY-2018-31
<9 b 0.23-0.48 Am(F3,11)=130 GeV, m(¥})=0 GeV SUSY-2018-31
T S .
§_§ i1, 1= WhEY or i¥) 0-2e,u 02jets/1-2H EF™ 361 |4 1.0 m(E))=1 GeV 1506.08616, 1709.04183, 1711.11520
<5 Ofh —WbR) Teu Bjetsib EPS 139 |7 0.44-0.59 m(¥))=400 GeV ATLAS-CONF-2019-017
S5 i, i-fiby, 711G Tr+lept 2jets/t b EFS 361 | & 1.16 m(#1)=800 GeV 1803.10178
T L h, o) /8 cock) Oep 2¢  EMs 361 |z 0.85 m(r?)=0GeV 1805.01649
SRS ) il 0.46 m(i ,&)-m(X})=50 GeV 1805.01649
Oe,pu mono-et EFS 36.1 # 0.43 m(f, ,&)-m(¥})=5 GeV 1711.03301
fafy, hoii +h 1-2epu 4b EMs 361 |4 0.32-0.88 m(¥})=0 GeV, m(7,)-m(¥})= 180 GeV 1706.03986
b, h-oi +Z 3e,u 1b EMss 139 | 4 Forbidden 0.86 m(t})=360 GeV, m(7,)-m(¥})= 40 GeV ATLAS-CONF-2019-016
T
TR via Wz 23e.u Ep> 364 |G 0.6 m(¥})=0 1403.5294, 1806.02293
ee, jip >1 EPSS 139 | XK, 0.205 m(¥)-m(¥))=5 GeV ATLAS-CONF-2019-014
XX via ww 2e,n EMs 439 | 0.42 m()=0 ATLAS-CONF-2019-008
XS via Wh 0-lep  2b2y EMS 139 | ¥ /¥y Forbidden 0.74 m(¥))=70 GeV | ATLAS-CONF-2019-019, ATLAS-CONF-2019-XYZ
“ ) N . . i
= Q Nibivial/v 2e,u EMs 139 | 1.0 m(Z.7)=0.5(m(¥; )+m(t})) ATLAS-CONF-2019-008
- % 77, ‘”r—>‘r)?(1) 27 Eyiss 139 # [#L, 7R _ 0.12-0.39 m(X?):O ATLAS-CONF-2019-018
TLrlLR, -7 2e.p Ojets  Ems 439 |7 0.7 mE))=0 ATLAS-CONF-2019-008
2ep >1 EpS 139 7 0.256 m(?)-m(¥})=10 GeV ATLAS-CONF-2019-014
HH, H-hG|ZG Oe,p >3bh EMS 361 )74 0.13-0.23 0.29-0.88 BR(Y) — hG)=1 1806.04030
4ep Ojets  EP™  36.1 i 0.3 BR(Y — zG)=1 1804.03602
B o Direct ¥} ¥ prod., long-lived ¥ Disapp. trk ~ 1jet  EMS 361 Pure Wino 1712.02118
= % Pure Higgsino ATL-PHYS-PUB-2017-019
o=
2 % Stable g R-hadron Multiple 36.1 1902.01636,1808.04095
S 2 Metastable & R-hadron, 3—qgf) Multiple 36.1 m(t})=100 GeV 1710.04901,1808.04095
LFV pp—, + X, Vr—eu/et/ut ep,et,ut 3.2 A5,,=0.11, A132/133233=0.07 1607.08079
YEXT 10 — wwyzeeeevy 4epu Ojets  Epss 361 m(¥})=100 GeV 1804.03602
83, gaqq/??, )?(1) - qqq 4-5large-R jets 36.1 Large 17, 1804.03568
> Multiple 36.1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
Qa
77 it X = tbs Multiple 36.1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
iy, f—bs 2jets+2b 36.7 1710.07171
hi, f1—ql 2ep 2b 36.1 BR(7, —be/bu)>20% 1710.05544
1p DV 136 BR(f—qy)=100%, cos6,=1 ATLAS-CONF-2019-006

*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.

ATLAS SUSY summary results
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there are no sparticles

ATLAS SUSY Searches* - 95% C

L Lower Limits

ATLAS Preliminary

July 2019 \Vs=13TeV
Signature  [Ladr [ Mass limit Reference
4, 4—g%) Oe,u 2-6jets  EmsS 0.9 1.55 m(e%)<100 GeV 1712.02332
o mono-jet  1-3jets  EMiss 0.43 0.71 m(g)-m(t})=5 GeV 1711.03301
S @ eoad) Oeu  26jets  Ep' 2.0 m(¥})<200 GeV 1712.02332
% Forbidden 0.95-1.6 m(})=900 GeV 1712.02332
3epu 4 jets ) 1.85 m(¥})<800 GeV 1706.03731
. ee, it 2jets  Epis 1.2 m(z)-m(¥})=50 GeV 1805.11381
Oe,u 7-11jets  Emiss 1.8 m(¥}) <400 GeV 1708.02794
SSe,u 6 jets 1.15 m(z)-m(¥})=200 GeV ATLAS-CONF-2019-015
0-1epu 3b Emiss 2.25 m(e})<200 GeV ATLAS-CONF-2018-041
SS e, u 6 jets 1.25 m(g)-m(¥})=300 GeV ATLAS-CONF-2019-015
Multiple 0.9 m(¥})=300GeV, BR(bY})=1 1708.09266, 1711.03301
Multiple 0.58-0.82 m(¥})=300 GeV, BR(b¥})=BR(:{})=0.5 1708.09266
Multiple 0.74 m(¥7)=200 GeV, m(¥})=300 GeV, BR(:{})=1 ATLAS-CONF-2019-015
6b Episs 0.23-1.35 Am(¥3,¥1)=130 GeV, m({})=100 GeV SUSY-2018-31
Am(¥s.¥)=130GeV, m(])=0 GeV SUSY-2018-31
£/1-2 b Emiss 1.0 m(¥})=1GeV 1506.08616, 1709.04183, 1711.11520
Emis m(¥)=400 GeV ATLAS-CONF-2019-017
Emis 1.16 m(71)=800 GeV 1803.10178
Emiss 0.85 m(¥)=0 GeV 1805.01649
) m(7, ,&)-m(¥))=50 GeV 1805.01649
Episs m(7, ,&)-m(¥})=5 GeV 1711.03301
Eiss 0.32-0.88 m(E})=0 GeV, m(i,)-m(¥})= 180 GeV 1706.03986
Eimiss 0.86 m(¥})=360GeV, m(i;)-m(¥})= 40 GeV ATLAS-CONF-2019-016
s m()=0 1403.5294, 1806.02293
Ehis mEE)-m(E)=5 GeV ATLAS-CONF-2019-014
— 0 Emis m(¥)=0 ATLAS-CONF-2019-008
1 EMs 139 [ @@ Foridden 0.74 m(¥))=70 GeV | ATLAS-CONF-2019-019, ATLAS-CONF-2019-XYZ
EPFs 139 | A 1.0 m(Z,%)=0.5(m(¥; J+m(¥}) ATLAS-CONF-2019-008
Emss 139 |7 L 7R 0:1670:3] 0.12-0.39 m(¥})=0 ATLAS-CONF-2019-018
Es 130 |z 0.7 m(¥)=0 ATLAS-CONF-2019-008
EFS 139 | ¢ 0.256 m(?)-m(¥})=10 GeV ATLAS-CONF-2019-014
EMs 361 | @ 0.13-0.23 0.29-0.88 BR(Y| — hG)=1 1806.04030
EPS 361 | & 0.3 BR(Y — ZG)=1 1804.03602
E?iss 36.1 b5 0.46 Pure Wino 1712.02118
)?‘i‘ 0.15 Pure Higgsino ATL-PHYS-PUB-2017-019
Multiple 361 |2 2.0 1902.01636,1808.04095
Multiple 36.1 g [t(8) =10ns, 0.2 ns] 2.05 2.4 m()?‘,’):100 GeV 1710.04901,1808.04095
ep,eT.ut 3.2 Ve 1.9 A5,=0.11, A132/133/233=0.07 1607.08079
dep Ojets  EPs 361 |G A E00ABLE0] 0.82 1.33 m(¥})=100 GeV 1804.03602
38, 5—q0%), X} = qqq 4-5 large-R jets 36.1 |z [m(¥})=200 GeV, 13 1.9 Large A7, 1804.03568
> Multiple 36.1 g [,=2clel m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
o
O 7 it ) = 1bs Multiple ATLAS-CONF-2018-003
f\fy, i1 —bs 2jets+2b 1710.07171
fif, fi—qt 2epn 2b BR(7, —be/bu)>20% 1710.05544
1u DV BR(71 —qu)=100%, cost,=1 ATLAS-CONF-2019-006

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

2%, §—qat) 2-6jets | EMS | 361

; Ma%‘m%%
g  m))<200GeV 2.0
g  mE))=900GeV Forbidden 0.95-1.6

1712.02332 via ATLAS
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