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Also known as sleptons
to the members of a
particular BSM sect...
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Lepton colliders are great for precision physics...

300 & 1500 & 3000 GeV

CLIC (£ 80%, 0%):
Perfect EW

G 380 GeV

@ 380 & 1500 GeV

@ 250 & 350 & 500 GeV

ion < 50%

ILC (£ 80%, ¥ 30%):

- 250 GeV

Ci

@ 240 & 365 GeV  GEEED 250 & 350GeV

FCC-e
@D 240 GeV  @EED 240 GeV

CEPC:

2021-03-17 Sebastian Baum



... but what about direct searches for new physics?
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ut what about direct searches for new physics?

bounds on lots of BSM scenarios!

sets strong

Overview of CMS EXO results
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... but what about direct searches for new physics?

Sleptons (~ EW charged scalars) Electroweakinos (~EW charged fermions)
May 2020
;. 600 LIS B O B By I R B B L B B B B B B B March 2019 ATLAS Preliminary \s=8,13 TeV, 20.3-139 fo'! Observed limits at 95% CL
— ~ b | ™ T ©* 1 7 1 7 =T 1T T T T T T 7 T ] =y .
() [ ATLAS Preliminary 8TeV,20.31b~" 7€[8,7] arXiv:1403.5294 ] g 7001 U751 d sl 1 4 X% va
- B Soft 2¢ 7 e8] arXiv:1911.12606 - O, C My wiv)=glmix, )+ mix,x, ) i [ /v o2
9‘ 500 L \/g =13 TeV, 139 fo ! 2/ ie [é, 4] arXiv:1908.08215 | A‘_ 600 - i TL\XWFE\?‘Q 07152
61\— T opp— fz HEZH’ 7= gX"? 27 ha~dronic I=7 arXiv:1911.06660 ] ?\?f C 1 %IL/A%;COI\;;ZO‘}OQB
l i o LEP /ip excluded ] = - . v =
~ 400 L Alllimits at 95% CI._ . _ 500 — arXiv
E r —— Observed limits 1 C o ]
C - -~ Expected limits ] C O m
I - 400 S —
300 - . - A # ]
i ] - é\\ B 3 y’x — ]
- - 300 LN =
200 |- . - S0\ -
N ] C . y \ .
C ] 200 Ny -
L » ’ . ! —
__ __ BRAS - l' [ | B arX
100 e . 100 :g_:— _:(\ 5 : H - ar; 93
+ g v S 2 X A B | ] == Wh Ibb+2jbb+l yy+F
i . : ] L/ ’_t 1 L @ - arxiv:1812.09432
0 L o oy v by e b e e b e by O 7 L i 6 5 iy 5 3 Ll ! l_. .{i | T ::l T B %+Z_/Zi%0 Via
100 200 300 400 500 600 700 800 g 200 600 oo 1000 1200 *Ch e

m(%, X)) [Gev] — &% %

arXiv:1708.07875

m(?..g) [GeV]

2021-03-17 Sebastian Baum 6



Electro(weak) colliders for new electroweak physics!
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Electro(weak) colliders for new electroweak physics!

PHYSICAL REVIEW D 102, 015026 (2020)

Hunting for scalar lepton partners at future electron colliders

Sebastian Baum ,1’2’* Pearl Sandick ,3’% and Patrick Stengel 24
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A “simplified” model
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A “simplified” model

Standard Model +

e Spin-zero state with Q = -e and

lepton (flavor) number

2021-03-17
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A “simplified” model

11 | t 7
Standard Model + > eion
e Spin-zero state with Q = -e and £ =e,
lepton (flavor) number ol
“selectron”

e (Q =0 fermion without lepton

number (“neutralino”) —

(£ — yt*)
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L>|D,¢)* - m%ﬂl_\?i\z +7(ib —m,)y — (k¢ 7¢; + H.c.)

Standard Model +

€+
e Spin-zero state with Q =-eand ¢ i <
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L 3— m%[?# +1(iD—m,)y

Standard Model + Fixed by gauge
charges!
e Spin-zero state with Q = -e and <
/+
lepton (flavor) number

e (Q =0 fermion without lepton
number (“neutralino”)

o A [ cosa sina ‘L
() \—sina cosa) \/p Model dependent(ifmultiple

decay channels allowed)
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“slepton” + “neutralino”

Appear in well-motivated

more complete
(supersymmetric) UV
models

Sebastian Baum

Dark Matter Model Building

Slepton co-annihilation
left-right mixed slepton
enhances neutralino
pair-annihilation
(incredible bulk)
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“slepton” + “neutralino”

Dark Matter Model Building
e Slepton co-annihilation
e |eft-right mixed slepton

enhances neutralino
pair-annihilation
(incredible bulk)

Appear in well-motivated
more complete
(supersymmetric) UV
models

(focus on smuons and staus!)
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Crank the collider simulation...

Simple final state:

e two charged leptons ) r+
+ missing energy ’ i <
Z/vy g X
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Crank the collider simulation...
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Sensitivity for this simple cut & count analysis:

smuons
V5 =500GeV, L =1ab™! P =(08,.3)
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And what about staus?

Use (e*uT + E)

final state!
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Sensitivity for this simple cut & count analysis:

smuons staus
Vs =500GeV, L =1ab~! P=(08,.3)

V5 =500GeV, L =1ab~!, P = (0.8,0.3)
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Coverage of our
simplified model
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Sensitivity for this simple cut & count analysis:
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smuons
Vs =500GeV, L =1ab™! P =(08,0.3)
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See Teresa Nunez's Tue
talk for improvements
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How much luminosity is heeded?
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smuons with mostly right-handed beams

Vs =1500GeV, P = (0.8,0.3)
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Reach at Vs = 250 GeV

smuons staus

V5 =250GeV, L =05ab~!, P = (0.8,0.3)
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(electroweakinos)

Similar story for new charged fermions...
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Conclusions

2021-03-17

(EW-) charged physics up to Vs/2

fills some important holes left " s
by the LHC
(even at rather low Vs!)

. gt
Any future electron collider would -
have ~immediate reach to new .

Z /vy g X

Polarization would be very helpful!

Sebastian Baum

26






Smuon/stau pair production cross sections

Fixed by gauge
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Polarized pair-production cross section charges!
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Smuon/stau pair production cross sections

Fixed by gauge
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- al

Polarized pair-production cross section
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charges!
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. \/IE = 500 GeV
[SB+ 2004.02834]
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| \/IE = 500 GeV
[SB+ 2004.02834]
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Beam polarization matters! (or right-handed sleptons)
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Mostly right-handed beams
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How much luminosity is heeded?

2021-03-17

smuons with mostly left-handed beams
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Or, in terms of the branching ratio:

right-handed smuons left-handed smuons

Vs =500GeV, L =1ab!, P = (0.8,0.3) Vs =500GeV, L =1ab~!, P = (0.8,0.3)
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How much luminosity is heeded for staus?

V5 =500GeV, P = (-0.8-03)
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