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1. The general idea

The anomalous magnetic moment of the muon: a;, = (g — 2)u/2

Overview about the current experimental and SM (theory) result:

T & T T ¥ LI T R R N A T
_I
DHMZ10 e
JS11 ]
HLMNT11 R o .
FJ17 e
DHMZ17 |
KNT18 =
BNL I
3.7¢
BNL (x4 accuracy) ——
7.06
L1 L1 T !

160 170 180 190 200 210 220
(a“SM x 10'%-11659000

aSP — q'*9°M ~ (28.02 4 7.37) x 10710 : 3.80
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The (g — 2),, experiment:
LIFE OF A MUON:

THE g-2 EXPERIMENT Muons are fed
Muons are into a uniform,
tiny magnets doughnut-shaped
spinning on magnetic field

axis like tops. and travel in a circle. After ?ach_clrclg,
/ muon's spin axis

changes by 12°,
yet it keeps on traveling

" the same direction.

Target.

Protons Pions, weighing Pions decay

from AGS. 1/6 proton, to muons.
are created.

One of 24 detectors

see an electron, giving After circling the ring

the muon spin direction; many times, muons

g-2 is this angle, divided spontaneously decay to

by the magnetic field the electron, (plus neutrinos,)

muon is traveling through in the direction of the muon spin.
in the ring.

Coupling of muon to magnetic field : u — pu — v coupling

a@) |V FUe?) + 5 o () | u@) Ay F2(0) = ay
W
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The Minimal Supersymmetric Standard Model (MSSM)
Superpartners for Standard Model particles
Standard particles SUSY particles

o Force parlicles Squarks W) Sleptons -,} SUSY force
particies

= large uncolored / EW sector
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Neutralinos and charginos:

Higgsinos and electroweak gauginos mix

charged:

Diagonalization of the mass matrix:

< — ( Mo \/§sin5MW> |

V2 cos 8 My "
~ 0
M. =v:XTUl=| X
X 0O m-+
X2

= charginos: mass eigenstates

mass matrix given in terms of My, u, tang
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neutral:

70 70 ~0 ~0 ~0O
hy,hg — X1, X2>X3,X4

Diagonalization of mass matrix:

( M4 O —MyzswcCcospB  Myswsinpg \
v — 0 Mo MzcewcosB —Mgzewsing
—MzswCOSpB MzcwCOSpS 0 — i
\ Mz swsinB —Mgycewsinpg — 1 0 )
R N £° T — 73
Mﬁo =N"YN'= dlag(miz(l), mig, mig, mig)

= neutralinos: mass eigenstates

mass matrix given in terms of My, M»>, u, tan g
= only one additional parameter

= MSSM predicts mass relations between neutralinos and charginos
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SUSY can easily explain the deviation in ay:

Feynman diagrams for MSSM 1L corrections:

— Diagrams with chargino/sneutrino exchange
— Diagrams with neutralino/smuon exchange

. 2
Enhancement factor as compared to SM: SM. EW 1L % ]\77;_5
~0 ~ . MSSM, 1L: & £ % tan
p—X9 —fa : ~my tanp ™ M2 b
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SUSY corrections at 1L:

2

100 GeV

a; 951k ~ 13 x 10710 ( ) tan 8 sign(u)
Msysy

Msysy (= mp = mp = mg): generic SUSY mass scale

a; =7t = (-100...+ 100) x 10710
a®P — alf®oSM ~ (28 +7.4) x 10710

= SUSY could easily explain the *‘discrepancy”

= ay Can provide upper limits on the EW masses
(by requiering agreement at the 95% C.L.)
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SUSY corrections at 1L:

y

100 GeV

ar >Vt~ 13 x 10710 ( ) tan 8 sign(w)
Msuysy

Msysy (= mp = mp = mg): generic SUSY mass scale

a; =7t = (-100...+ 100) x 10710
a®P — alf®oSM ~ (28 +7.4) x 10710

= SUSY could easily explain the “discrepancy”

= ay Can provide upper limits on the EW masses
(by requiering agreement at the 95% C.L.)

If SUSY exists, it should fix (g —2), !
= there must be light EW SUSY particles!
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The general idea:

— scan the relevant EW SUSY parameter space

— impose all relevant experimental constraints:
— (9 —2)u
— Dark Matter relic density
— Dark Matter direct detection
— LHC searches for EW particles

— Dark Matter relic density requires a mechanism to reduce the density
in the early universe

= focus here: bino/wino DM with chargino coannihilation: Mo < m i
1 1

(Other scenarios investigated in the article.)
— obtain lower and upper limits on the various EVW particle masses

— evaluate the prospects for future searches
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2. Experimental constraints

L HC searches:

Decay via sleptons (3I)

XT3 — (Fv)(IT17) = 31+ Pr
XTR9 — (Fo)(T17) — 31+ Fr (5)

Decay via sleptons (21)

XTx7 = T v) = 20+ Pr
XTXT = (o)D) = 20+ Pr (6)

Decay via gauge bosons

%3 - wiD(zxy) = 31+ Fr (7a)
i3 = WD Zx)) = 20+ jets+ B, (7b)
TRy — WEHW D) = 204 Br (8)
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Decay via Higgs bosons

3178 = WD (R — 14 bb + By (9)

l-pair production (21)

T — ATDARD) — 20+ pr (10)

Compressed spectra

TR — WD(Z*R) — 20+ Fr +ISR,  (11)
T = DY) = 204+ pp +ISR (12)

Searches involving Staus

= all newly included into CheckMate
Exception: compressed spectra = direct application

Sven Heinemeyer — Snowmass meeting: Compressed Electroweak SUSY, 10/19/20

11



LHC exclusion bounds (I)
1400

1200 -

Fig. 14(c)-Ref. [49]

- — — Fig. 8(c)
— — = Fig. 8(a) JRef. [42]

— — — Fig. 8(d)

~—-—---- Fig. 6 — Ref, [46]
| |
200 400 600 800 1000

mﬁ: (GeV)

= crucial to take latest bounds into account
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LHC exclusion bounds (II)

800
700
600
gt 500
' 400

300 ——— Fig.7(c) - Ref. [43]

— — — Fig8(b) - Ref. [42]
200

Eq.(12) Fig.16(a)— Ref. [49]

| | | |
10{)00 200 300 400 500 600

= crucial to take latest bounds into account
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(g — 2), constraint: (GM2Calc)

Aay, = (28.0247.37) x 10710

Done, but not shown here:
Inclusion of anticipated MUON G-2 Run 1 data

Aa)'t = (28.02 +£5.2) x 10710

Dark Matter relic density: MicrOmegas

Qcpmh® = 0.120 £ 0.001

(as taken from [Planck '18] )

Dark Matter direct detection: MicrOmegas
limit on spin independent scattering cross section (XenonlT)
[Xenon collab. '18]
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3. Results for chargino coannihilation

Parameter scan:

100 GeV < M7 <1 TeV,
My < My <1.1My,
1.1M7 < p < 10M7q,
5<tanp <60,
100 GeV <mj7 <1 TeV,
(latter condition only to make the analysis simpler, no relevant effect)
Done, but not shown here:

— [ coannihilation (Case-L: SU(2) doublet)
— [ coannihilation (Case-R: SU(2) singlet)

Sven Heinemeyer — Snowmass meeting: Compressed Electroweak SUSY, 10/19/20
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Results in the ML0-M ot plane:

1 Xa
1000
800+
E 600 - 4
s
400+
® z-2,
A (g-2),+ Oh?
200 4# & (g-2),+ Oh’ + DD
* (g-2),+ Oh’ + DD+ LHC
| | |

200 400 600 800 1000
m)}o (GE:V)
1

= compressed spectrum as expected
= clear upper limits, M(N)LSP < 600 GeV
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Comparison with the compressed spectra searches:
700

600;

500-

400+

—

m-= (GeV)

300+ Ty

Ly i———= ATLAS LIMIT
- ,-'-',’

P

e s

20w,
.

10000200 300 200 500 600
m;(t) (GE:V)
1

= compressed spectrum avoids current bounds!
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Results in the m-o-my plane:
X1 1

1000

800

Ei 600
400
® (g-2),

A (g-2),+ On’

200

¢ (g-2),+ Oh? + DD

* (g —2),+ Oh® + DD+ LHC||

200 400 600 800 1000
1

= important: [-pair production searches (10)
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Results in the m-o-my plane:
X1 1

1000 s
8000

600§

+ (GeV)

1

IATLAS 13 TeV LIMIT|

.. .
-+ &
400 ¢
o4
4

® (g-2),

A (g-2),+ on’

¢ (g-2),+ Oh® + DD

* (g-2),+ Oh’ + DD+ LHC ||
200 400 600 800 1000

m, o (GeV)

= important: [-pair production searches (10)
= naive application of LHC bounds fails
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Results in the mio-tanﬂ plane:
1
60 g

50

4000

Q.

20 A

° &-2y
A (g-2),+ On’
i (g-2),+ ah* + DD
- * (g-2),+ Oh° + DD + LHC :
200 400 600 800 1000
min (GGV)
1

black contour: (simplified) application of H/A — 77~
= A-pole annihilation effectively excluded
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Future searches: available ONLY for higgsino LSP

= naive inclusion of our points into the plot:

500" —— HL-LHC 3/ab 14 TeV (Soft Lepton A) [ FCC—bh monojet |
" ——— HL-LHC 3/ab 14 TeV (Soft Lepton B) i
[ mm—— HE-LHC 15/ab 27 TeV (Soft Lepton B)
| FCC-hh (HE-LHC approx. rescaling)
—— ILCs500 0.5 /ab
ILCio0p 1/ab
100 | memem- - CLICasp /FCC — eeasp . e 4
9 [ -~ CLIC1500 2.5 /ab * Chargino Co—annihilation ]
8 [ "=~ CLIC3000 5 /ab *
— I
oL
x|
ol
;
g o
<] I

200 400 600 800 1000 1200 1400

— scaling with cross section? m(NLSP)

— possible problems?
— experimental projections for bino/wino/higgsino LSP?!

Sven Heinemeyer — Snowmass meeting: Compressed Electroweak SUSY, 10/19/20



Outlook: same analysis for “Higgsino LSP" (but Qcpm < Qplanck)

[M. Chakraborti, S.H., I. Saha — PRELIMIMARY]

500 ~——— HL-LHC 3/ab 14 TeV (Soft Lepton A) - FCC-hh monojet |
r—— HL-LHC 3/ab 14 TeV (Soft Lepton B) ' iy
e HE-LHC 15/ab 27 TeV (Soft Lepton B)

------- FCC-hh (HE-LHC approx. rescaling)

- ILCs00 0.5 /ab
ILCpon 1 /ab

——————— - CLIC330 /FCC —ee
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— current searches relevant
— HL-LHC searches very powerful
— ILC/CLIC needed to cover this scenario
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4. Conclusinos

e General idea:
— (g —2), is real = light EW particles
— scan the EW sector of the MSSM
with all constraints taken into account: (g — 2),(today and future),
DM relic density, DM direct detection, LHC EW searches
— upper limits on EW masses
— evaluate future prospects

e | HC searches included via CheckMate
= many searches had to be included by M.C, I.S.
= crucial for correct application

e Chargino coannihilation:
— compressed spectrum as expected
— = clear upper limits, myyLsp S 600 GeV

— future prospects only available for higgsino LSP
Naive application? Cross section scaling? Potential problems?

e Outlook: higgsino LSP with Qcpv < Q2pjanck
— HL-LHC searches very powerful
— [LC/CLIC needed to cover this scenario
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Results in the m.g-o>! plane:
xi P
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= larger u values favored

Sven Heinemeyer — Snowmass meeting: Compressed Electroweak SUSY, 10/19/20

25



HL-LHC prospects ML0-M o+ plane: exclusion [HL/HE-LHC YR '19]

1 X1
1500
1300
1 100 _Eq.('}' a)
= 900-
<)
é'—' 700 Fig.2.2.15
Ref. [104]
500 — Fig. 2.2.2/
300
| e ;I;HQ?E{fclusion Limit
100 |

| | |
200 400 600 800 1000
m;) (GGV)
1
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[HL/HE-LHC YR ’'19]

HL-LHC prospects MMt plane: discovery
1 1
1100
Eqg.(9)
900 -
Eq.(7 a)
—Fig 2215
\Rcf. [104]
—Fig.222 /
HL LHC
5 o Discovery
| |
400 600
m-o (GGV)
X1

800
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