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1. The main idea
The MSSM
Standard particles SUSY particles
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particies

= large uncolored / EW sector

charginos/neutralinos: My, M»>, u, tanpg = Dark Matter candidate: 5(’(1)
Sleptons: MTL, MZ'R (equal for all 3 generations, or different 1.2. vs. 3.)
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Amazing feature of the MSSM: [Amaldi, de Boer, Fiirstenau '92]

Unification of the Coupling Constants
in the SM and the minimal MSSM
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— SUSY is naturally imbedded in a Grand Unified Theory (GUT)
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Unification at the GUT scale:
MO:8OO GeV, Ml/zleO GeV, AO:O
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= (“usual”) GUT prediction: My ~ My /2 ~ M3 /6 with M3 =mgz 2 2 TeV
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Many options for the correct relic density:

A) wino/bino DM with chargino co-annihilation (M ~ M»> < 1)
relic DM density 100% fulfilled

B/C) bino DM with slepton co-annihilation (M < Mo», 1)
relic DM density 100% fulfilled
= two cases: all 3 generations degenerate vs. 3rd generation independent

D) higgsino DM: m.o ~ m-o ~m-+ ~ u (< My, M>)
X1 X2 X1

relic DM density as upper limit (full relic density: Mo ~ 1 TeV)
1

E) wino DM: m)zo ~ mii ~ Mo (MQ S Ml,,u)
1 1
relic DM density as upper limit (full relic density: Mo ~ 3 TeV)
1

GUT-based scenarios: M1 ~ Mo /2 ~ M3 /6
= only possible for B/C and D

mg > 2 TeV = My ~ My /2 > 350 GeV
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2. Evidence for low-energy SUSY?!

Has the LHC ruled out supersymmetry?

B No

I No, but in green
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What have the LHC searches excluded?

ATLAS Preliminary
Vs =13TeV, 140fb~', EWKino scan
ATLAS exclusion fraction after non-DM external constraints
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What have the LHC searches excluded?

Only this one is actually excluded !

ATLAS Preliminary
Vs =13TeV, 140fb~', EWKino scan
ATLAS exclusion fraction after non-DM/external constraints
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= Our “models” predict low chargino/neutralino masses

Possible search channels:
— pp = Xix: + X
— pp — 535%3 = XV + H/Z
~0 ~+ ~ ~
— pp — XoX1 — X§H/Z 3W=
o ~4 ~— ~Ow—|— ~Ow—
PP — X1 X1 — X1 X1

Possible kinematic situations:

— non-compressed spectra: on-shell decays to H/Z, W=
— compressed spectra: off-shell decays to ~Z, W=
— light sleptons that appear in the decay chains
— heavy sleptons that are absent from the decay chains

= only one of these can be realized
= only one of them should show up in the LHC searches
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= Our “models” predict low chargino/neutralino masses

Golden mode at the LHC:

~()
P X2 B
b %i

= experimental results?
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Results: “compressed” spectra w/ heavy sleptons:

[taken from M. Berggren '23]
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Results: “compressed” spectra w/ heavy sleptons: one more CMS analysis:
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= OP — T}, X, My=(mye+m;»)/2 (Higgsino simplified) o) @ 50F " BEE Expectsd iimit (1) b
S 45 My, X m,—;-:ﬁ, NLO-NLL exclusion 5 g =22 Observed limit (£10weory) 1
Cy = Expectedt1o__ = Observed + 1o = o~ - LEP {F excluded 1
= SX:odmisnt 2o io g ™ I [0 ATLAS 13TeV 361 ' excluded |
Lé, @ od
< o =
o £ 108 3
s 9 4 ATLAS ]
1 8 5F V5=13TeV, 138 M0~
E i 66/ iy, My shape fit 1
5 Al limits at 95% CL 1
2 - PP — X3X1 XaX3. XiX7 (Higgsino)
L3 B 2R o W
1073 i) = () + m(E)]/2
2 1 B | ! ! | | B
Lan 1 1 1 1 1 1 1 1 1 1 1 1 L 1 1 1 1 1 1 1 1
200 200 240 o 100 150 200 250 300 350
my; [GeV] m(+9) [GeV]
;. E R T T T T L Sy B s B B Sy S B il CMS Preliminary 137 fb-1 (13 Tev)
© 50 === Expected limit (+10exp) J 5 =
G, F 5 Observed limit (+10taory) 18 =
= = LEP 3} excluded 1= 60 NLO+NLL excl. S
?;'Q L [ ATLAS 13TeV 36 fb~" excluded | ~ 5.5 ZExpected 1,20, \ B
S ATLAS 8 TeV excluded E B = J J100 2
IX . S~ o | l 1))
t 08 1 g 141 3
B 1 = i o o
< 5E ATLAS 1 E 41 s
V8=13TeV, 139" 1 ] =
B ee/ e, My shape fit i 1 = 7 =
& All imits at 95% CL 1 R 4 7
| PP~ i (Wino) 3 H1 3
1 = )Zg — Z"x?.xf - W‘ﬂ' - 4 3 -
B m(x%) x m(x7) >0 ] _ ©
0501 . L ES FEd BEEH PR BER pyN PR Fyd pgn gl T — R
. ‘ ; - 0
100 150 200 250 300 350 40 i . o
m(z9) = m(%;) [GeV]
2 1 m._. = m,, [GeV] - o o 7o
X Xy _ ¥)Q(

€

Sven Heinemeyer — Dark Matter 2025 (Santander, Spain), 05.06.2025 10



Consistent excesses point towards:

— m-o ~ m-+ 2 200 GeV
X X1
— Am :=m-o—m-o ~ O (20 GeV)
X5 X1

A) wino/bino DM with chargino co-annihilation (|Mq| ~ M» < )
relic DM density 100% fulfilled
Never: My ~ M, /2 |= not GUT-based

D) higgsino DM: m_o~m-.o ~m-+ ~ pu (< |Mq|, M>)
X1 X5 X1

relic DM density as upper limit (full relic density: Mo ~ 1 TeV)
1
Possible: My ~ M5 /2 |= can be GUT-based

= can they fit the excesses?
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3. Wino/bino vs. higgsino DM [M. Chakraborti, S.H., I. Saha '24]
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A) Wino/bino DM with chargino co-annihilation

Parameter scan:

100 GeV < |M;| < 400 GeV ,
[Mq| < M < 1.1| My,
1.1|Mq| < p < 10| Mq],
2 <tanp <60,
100 GeV <mj7 < 1.5 TeV,
mp = my .
(latter condition only to make the analysis simpler, no relevant effect)

wino/bino(+): M1 xu >0
wino/bino(—): M1 x u <0
relic DM density can be 100% fulfilled

(original scan assuming a 5o deviation in (g —2),)

Sven Heinemeyer — Dark Matter 2025 (Santander, Spain), 05.06.2025

13



wino/bino(+): results in the mXO-Am plane:
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= excesses not fully at the same Am ...

= but many "good points’ at Am ~ 20 GeV

500 600
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wino/bino(+): limits on slepton masses:

wino/bino(+)
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= no limits on slepton masses (as expected)
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wino/bino(+): LHC cross sections:
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= for lower massess XS have roughly the size required by excesses
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wino/bino(+): direct detection prospects:

wino/bino(+)

(g—2),+Qh?+DD
» explains excess

10—10:

a
=2
o
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= wino/bino(—i—)/;ﬁE co-annihiliation will be covered by XENON-nT /LZ
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wino/bino(—): results in the mjzo-Am plane:
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= ATLAS/CMS excesses agree better in Am than for wino/bino(+4)
= but many "good points’ at Am ~ 25 GeV
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wino/bino(—): limits on slepton masses:

wino/bino(-)

1400 - . ?;I_ 2
e . (g—z)p+oh2
lli‘... fq0 a a ‘ 2
1200-Fe) ":" By © . " (g — 2),+ Qh2+DD
- . 28 le (g —2)u+Qh?+DD

mg, (GeV)
o0
o
o

e -
600 82 3t
400- K

e .'.‘.{.‘;l.

727
200{* >«

100 150 200 250 300 350 400
myo (GeV)

= no limits on slepton masses (as expected)
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wino/bino(—): LHC cross sections:
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= for lower masses XS have roughly the size required by excesses
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wino/bino(—): direct detection prospects:

wino/bino(-)
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= wino/bino(—)/;’dE co-annihiliation will be covered by XENON-nT /LZ
= |low mass points now excluded = would have been a problem for DD
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Q: How can this scenario be tested at future experiments
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Q: How can this scenario be tested at future experiments

A: At a (sufficiently) high-energy eTe collider® we can

[J.

pair produce the charginos

measure the LSP mass

fit/measure all relevant Lagrangian parameters
reconstruct/recalculate the relic density
compare with measured value

closure test of the model

Becks, R. Heine, S.H., F. Lika, G. Moortgat-Pick, WIP]

* ILC/CLIC/. ..

Sven Heinemeyer — Dark Matter 2025 (Santander, Spain), 05.06.2025

22



Q: How can this scenario be tested at future experiments

A: At a (sufficiently) high-energy eTe collider® we can

— pair produce the charginos

— measure the LSP mass

— fit/measure all relevant Lagrangian parameters
— reconstruct/recalculate the relic density

— compare with measured value

— closure test of the model

[J. Becks, R. Heine, S.H., F. Lika, G. Moortgat-Pick, WIP]

* ILC/CLIC/. ..

— next talk by Gudi (among other things)
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D) Higgsino DM

Original parameter scan: (M7 x u > 0)

100 GeV < u < 1.2 TeV,
1.1p < M; < 10u,
1.1M> < p < 10p,

5<tanp <60,
100 GeV < mjz,mp <2 TeV,
ém)z(l)wmigwmifw,u

Full DM relic density reached only for mso ~ 1 TeV
1

= incompatible with a 50 deviation in (¢ —2),
— m(N)LSp S 500 GeV
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Results in the m)zo—Am plane with OLD DD bound: [2021]
2
all
s (g—2),+0Qh?
(g—2),+Qh?+DD
* (9-2),+Qh?+DD + LHC HIGGSINO
0
19100 200 300 400 500 600
mys (GeV)
= direct detection is the limiting factor on Am
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Results in the mjzo—Am plane with new DD bound: [PRELIMINARY]
2
20
Higgsino
S
@
.2
<10
£ 10
l
)
< 8
I
§ A
6 A
4 :
300 350 400
= excess not fitted :-( = DD cuts away the “good points”
25
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Problematic diagram for higgsino DM DD:

X~ »—X

|
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I
I

] /\ "
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Problematic diagram for higgsino DM DD:

é=h, H
= cancellation possible for u x M1 < 0 (“blind spots”)
= new scan with M; <O
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New scan with M1 x u <O

—190 GeV < M; < —1500 GeV
My =2 TeV

—2M; tan 3 ms
B 4 4 z1tan® B’ = m3;
b< tan g < 50,
190 < M4 <1200,

2M, < mi, , Mi, < 1500 GeV |

1L

Condition on pu and My: exact blind spot conditions

relaxed blind spot condition: scan up to u/|M;1]| <1
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New scan with M1 x u <O

50- higgsino(-)
. i All
4.5 180+ 5 «  Qh?
- 37 i . Qh?+DD
=X |
204 %F i +  Qh?+DD+H/A+ -
- @A i
359 g
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e SN |
2.5- i

1.54%

x
) 2 *
Lk »

1.0_ S i 8 PN ey o * e P % : s E
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= M4 2 500 GeV and tan g < 2 allowed
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New scan with M1 x u <O

higgsino(-)
—— ATLAS (observedx1oy,)
—— CMS (observed+10;)

(GeV)

< 10-

Am=my —m

150 200 250 3oo 350 400 450 500
mys (GeV)
= restrictions still cut away the “good parameter space”

= higgsino(—) does not work (in the MSSM)
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Mini summary of MSSM:

A) wino/bino DM with chargino co-annihilation (|Mq| ~ M»> < )

relic DM density 100% fulfilled
= fits well the excesses!
Never: My ~ M, /2 |= not GUT-based

D) higgsino DM: m_o~m-o ~m-+ ~ p (< |Mq|, M>)

X1 X2 X1

relic DM density as upper limit (full relic density: Mo ~ 1 TeV)
1

= does not fit the excesses Possible: M ~ Mo /2

= can be GUT-based
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Mini summary of MSSM:

A) wino/bino DM with chargino co-annihilation (|Mq| ~ M»> < )

relic DM density 100% fulfilled
= fits well the excesses!
Never: My ~ M, /2 |= not GUT-based

D) higgsino DM: m_o~m-o ~m-+ ~ p (< |Mq|, M>)

X1 X2 X1

relic DM density as upper limit (full relic density: Mo ~ 1 TeV)
1

= does not fit the excesses Possible: M ~ Mo /2

Solution?

= can be GUT-based
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Mini summary of MSSM:

A) wino/bino DM with chargino co-annihilation (|Mq| ~ M»> < )
relic DM density 100% fulfilled

= fits well the excesses!

Never: My ~ M, /2 |= not GUT-based

D) higgsino DM: m_o~m-o ~m-+ ~ p (< |Mq|, M>)
X1 X5 X1

relic DM density as upper limit (full relic density: Mo ~ 1 TeV)
1

= does not fit the excesses Possible: My ~ M5 /2 |= can be GUT-based

Solution?
Go beyond the MSSM

— add a singlet: NMSSM
= some preliminary results

— add non-holomorphic p-terms: NHSSM [M. Rehman, S.H. WIP)]
= still too preliminary, next time!
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Mini summary of MSSM:

A) wino/bino DM with chargino co-annihilation (|Mq| ~ M»> < )
relic DM density 100% fulfilled

= fits well the excesses!

Never: My ~ M, /2 |= not GUT-based

D) higgsino DM: m_o~m-o ~m-+ ~ p (< |Mq|, M>)
X1 X5 X1

relic DM density as upper limit (full relic density: Mo ~ 1 TeV)
1

= does not fit the excesses Possible: My ~ M5 /2 |= can be GUT-based

Solution?
Go beyond the MSSM
— add a singlet: NMSSM < focus

= some preliminary results

— add non-holomorphic p-terms: NHSSM [M. Rehman, S.H. WIP)]
= still too preliminary, next time!
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4. Solution for GUT-based scenarios

[E. Bagnaschi, M. Chakraborti, S.H., I. Saha, WIP]

AS expected: no time

GUT-based solution: NMSSM

= LSP singlino like
= avoid DD bounds

= pu S My~ My /2~ M3 /6
with Mz = m; > 2 TeV

— average mass gap ok
— "good” mass gap favors
full relic density
— interesting prospects for
next round of DD experiments

= see back-up
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5. Conclusinos

e For the first time consistent excesses in ATLAS and CMS
in SUSY searches have been observed.

~0~+ - -
° pp — ngl — Xcl)Z* Xcl)W*
with m-o ~~ m.+ > 200 GeV, Am ;= m-g — m-g ~ 20 — 25 GeV
X X1 ™ X5 X1

e MSSM wino/bino DM with chargino co-annihilation (|Mq| ~ M»> < )
= fits well the excesses! = good prospects for DD experiments
Never: My ~ M, /2 |= not GUT-based

MSSM higgsino DM: M0 ~ Mg ~ Mk ~ [ (< |Mql, M>)
1 2 1

= does not fit the excesses

Possible: My ~ M5 /2 |= can be GUT-based

e GUT-based solution: NMSSM = LSP singlino like = avoid DD bounds

= S My~ My /2~ Mz /6 (Mz=mgz22TeV) = can be GUT based

— average mass gap ok, larger mass gap favors full relic density
— interesting prospects for next round of DD experiments
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Contact: Sven.Heinemeyer@cern.ch
~ Local: Alicia.Calderon@cern.ch
Celso.Martinez@cern.ch
http:/hdays.csic.es
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Our model: NMSSM  (Z3 invariant NMSSM)

MSSM Higgs sector: Two Higgs doublets

oy, — (H%):(Ul+(¢l+iX1)/\/§>

H3 ¢1
NE RN
’ H3 vo 4 (9o +ix2)/V?2

Vo= (mi+p PH A+ 3+ [2)HoHy — mis(eqpHPHS +h.c)
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Our model: NMSSM  (Z3 invariant NMSSM)

NMSSM Higgs sector: Two Higgs doublets + one Higgs singlet
oy, — (H% ) _ (U1‘|‘(¢1+’6X1)/\/§>

HY ¢1
oo (3
’ H3 vo 4 (o +ix2)/V?2

S

US"‘SR‘I'ISI

Vo= (M35 + [g\S|2)H1 Hy + (M3 + |AS|?) HoHo — m35 (e HYHS + h.c.)

>
g<+ g° 2

— — g —
+ (H Ay — HoH5)? + 5 |H1H>|?

K
+ MeapHTHB) + 1572 + m3|S1% + (Mx(eapHT HB)S + ZAxS® 4 h.c.)

Free parameters:
N, K, Ak, Mg+, tan B, peff = Avs
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Higgs spectrum:

CP—even

charged

Goldstones :

Neutralinos:

: h1,hp, h3
CP—odd:

- al,an

" HY H™

GO.GT.G™

M — Heff

compared to the MSSM: one singlino more

~0 ~0 ~0 =0 =0
— X1 X2 X37 X4, X5

= make the LSP singlino-like = avoid DD bounds

= pu S My~ Mp /2~ M3 /6

(M3 =mjg 22 TeV)
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higgsino(—): Singlino component: [PRELIMINARY]

0.6 0.7 0.8 09 1.0

.d:)
o

= larger Am yields N7 ~ 0.93
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higgsino(—): mjzg-Am plane:
2

[PRELIMINARY]

40

351

myo [GeV]

™M-o —
2
—_
ot
1

150 200 250 300
myg [GeV]
= correct mass region to fit the excesses, Am slightly small?

350
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higgsino(—): more than one Am:

40 ;

my
(\]
o

150 000 250
mso |GeV]
2

= large mass gap, better for the excesses

[PRELIMINARY]
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250 S(I]U 300
myy |GeV]

200

150

40

S0F

—10

40

higgsino(—): more than one Am:
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higgsino(—): DM relic density: [PRELIMINARY]

100 é 1 | 1 | 1 |
10—1é
1072}

s SO (PR
Glo

_6 : 1 | 1 [ 1 [ [ |
10 50 100 150 200 250 300 350
mg9

= singlino can give the full DM density
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higgsino(—): DM relic density:

1005

1071}

1072 E

QOh?

10-3}
104}

1075}

—'6 I PR TR SR WU W W A | I I PR TR T T NN A | ) [ SRR R TR T 1
1010—1 100 101 102

myy — myo (GeV]

= larger mass gap favors full relic density

[PRELIMINARY]
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higgsino(—): predictions for DD experiments

[PRELIMINARY]

10~ 18

100 125 150 175 200 225 250

myo

= good prospects for next round of DD experiments
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6. Reconstruction of wino/bino DM at the ILC

[J. Becks, R. Heine, S.H., F. Lika, G. Moortgat-Pick, PREL.]
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Mini overview of the International Linear Collider (ILC)
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Mini overview of the International Linear Collider (ILC)

Linear eTe™ collider, /s = 250 — 1000 GeV
based on superconducting cavities (cold technology) (ITRP decision 2004)

Schematic:

Electrons Detectors

Electron source Positrons
Undulator

Main Linac Damping Rings Main Linac

— two detectors in one interaction region (push-pull)

— undulator based e™ source

— polarized beams for e~ and et (P,- = 80%, P+ = 60%)
— tunable energy
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The main idea:

1.

Assume that (low-mass) wino-bino DM ()Zf—coannihilation) is realized:
My < Mo < o (but for now My x u > 0).

. At the ILC500 we measure Mo, Mt and o(ete — ifjff)
1 1

XS measurement with two (good) polarizations and at /s = 400,500 GeV.

. This allows (in principle) to reconstruct My, Mo, p, mp,, ... —

with uncertainties.
tan 8 assumed to be roughly known from other measurements.

. With these parameters 2, h° can be calculated — with uncertainties.

. Comparison of QXhQ with astrophysically measured value constitutes an

important test of the model.
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The Feynman diagrams:

= my, enters
— SO far tree-level analysis
— to be repeated including full one-loop corrections

— more involved parameter dependences

~+
X1
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wino/bino(+): o(ete™ — X{E)ZT) [M. Chakraborti, S.H., I. Saha '20]

| | | I | | | | | | | I | | | | I
¥* coannihilation
10°F ¢ ‘ =
R ILC350 .
- it ILC500 ]
B * *  |LC1000 .
= B ) *+  CLIC380 .
=1 - *+  CLIC1500 s
» s
'.—" *+  CLIC3000
a3 = i
e »
1‘ 1 » S.. i
10 [ i o -
+dJ - L] N %ﬂ. ol |
< B o ia‘ﬂ . 1
B - i
| - ﬂ?‘ﬁifﬁ% ‘{;‘ * ]
B e, i g %ﬂ ]
| & » ]
» - oo
APy i
i *
gt I TRy e .
3
10—2 | | | | | | | | | | | | | | | | | | |
200 400 600 800 1000 1200
2mi! [GeV]
1

= easy for ILC500/ILC1000 :-)
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T he parameter points:

full (original) set accessible set

2500 ]
200 et
600 - Lt
2950 . w‘
-:;'r.f-'
1907 - iy
j 2000 eF
500 Tan e
. e Hor s
.y - v 180 . .:-.: "
. Eow o ~ ‘-‘,‘g;
3 g v 1750 - > K
. = c e
g S0 53 2 = il
o 3 1500 “Z & i e
E o =2 E 170 .‘_ :
il
300 + 1250
160
1000
200 + 150
750
T T T T T T T T T T T T
200 300 400 500 600 130 140 150 160 170 180 190 200
M; in GeV M, in GeV

= only lower masses accessible

= interesting points corresponding to the excesses covered . ..

(red star: example point)

1800

1600

1400

GeV

1 in

1200

1000

800
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Ellispses of four XS measurements:

1.00 - »
. /35=400GeV, Pom = —0.8, Po- = +0.6
0751 . /5s=500GeV, P,- = —08, P,- = +0.6
050 Vs = 500GeV, Poe = +0.8, P, = —0.6
Vs = 400GeV, Po = +0.8, Po— = —0.6
_0.25- Prediction (0.9818,0.9994)
I~ Y Calculation (0.9776,1.0135)
S 0.00-
Q
7025 -
—0.50 -
—0.75 -
—1.00 ' ' ' ' ' ' '
-1.00  —0.75 =050  —0.25 0.00 0.25 0.50 0.75

cos(2dr)

= four ellipses must meet — and they do!

1.00
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Ellispses of four XS measurements with uncertainties:

1.00 < ~ >

Intersection
0.7591 . \/s=500GeV, P.o = —0.8, P.y = +0.6
«  /5=400GeV, P,- = —-0.8, P,+ =+0.6

vs=500GeV, P, =408, P+ =—0.6
0.25 - vs=400GeV, P,- = +0.8, P,+ = —0.6
prediction: (0.9818,0.9994)

0.50

0.00 -

C()S(Q(I)R)

—0.25 +

—0.50

—0.75 A

_1.00 1 1 1 1 1 ] 1
—1.00 —0.75 —0.50 —0.25 0.00 0.25 0.50 0.75 1.00

cos(2®r)

= uncertainties lead to overlap region
So far used: correct, but unknown mg_(too heavy for ILC500)
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Variation of mg_:

1.0 1
0.9 4
= 0.8
o
a
0.7 - N ' - |
N
/
0.6 - ,
0.5 0.6 0.7 0.8 0.9 1.0
cos(2dy)

= overlap region smeared out
= indirect determination of my_(within < +100 GeV)
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Reconstruction of My and Moy:

—— M, spread .
2004 @ Average scanned M, : lﬂl
........ ':[’rue Ml
5 180 -
wn
=
160
II :“- e h -------
1404 ¢ Flbe
130 140 150 160 170 180 190 200
——— M> spread
200 - ® Average scanned Mo
llllllll rI‘_[‘ue M2
g
f;:ﬂ}, 180 -
=
160 ] l I
--'i- "‘l-. T
140 - I T T T T T
150 160 170 180 190 200

= good reconstructions possible
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Reconstruction of p and mg_:
2000 i :
1500 -
’ Al
3
= 1000 -
——— p spread
@® Average scanned
500 A g i
llllllll rﬁue #
I I I I I
600 800 1000 1200 1800
HTrue
=
¥
o
=
i)
=
400 500 600 700 800 900 1000

M; in GeV

= bad reconstruction of u, good reconstruction of mg,
= NO problem, since u is not very relevant in this scenario
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Reconstruction of $2,h?:

Relic Density spread

Average scanned Relic Density
True Relic Density
Planck limit

0.02 0.04 0.08
Qh%‘rue

= often large uncertainties - but not too bad either
= reason: experimental uncertainties in My and M>

= possible improvement: optimized +/s
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MSSM parameter determination:

2500 - Entire Scan
Chargino Mass condition
2000 - . Neutralino Mass condition
Cross Section condition e e
¥  Original point
1500 A
3
1000 A
500 -
- Seee

100 120 140 160 180 200 220 240
M,
— XS measurement very important
— Mo well determined
— u poorly determined (not very relevant in this scenario)
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