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The goals of this project were twofold:

« Study in as realistic a way as possible the capability of the
ILC to examine the physics of a large number of random
points in MSSM parameter space. Such a large-scale study
of points nottied to a specific model, e.g., MSUGRA, has
never been done.

— We don’t know how SUSY is broken so an analysis
which is as model-independent as possible is extremely
valuable

« Examine the capability of the ILC to distinguish points in
parameter space which lead to essentially identical, so
called "degenerate’, signatures at the LHC.



The Inverse Mapping of data — theory can have many
possible outcomes....

Parameter Space Signature Space Parameter Space Signature Space
L— N )_..-ﬂf—x
Parameter Space  Signature Space Much of the time a specific
I I set of data maps back into
e« ) many distinct islands/points Iin
« o - the model parameter space...

— model degeneracy

This happens for the case of the MSSM

Arkani-Hamed etal., hep-ph/0512190



LHC Inverse Problem

—+ Generate blind SUSY data and map it back to parameters in the
fundamental Lagrangian

— Generated many models within MSSM for 10 fb-' @ LHC (Pythia
6.324). Here a ‘model’ = a particular parameter space point...

— For 15 parameters: mos: My, M Ma, p
Souarks My, - Mg, Mp, - Mg, M. Mg + tan p
w/ flat prinrs... Sleptons mg, . Mg . T ey
i ey 1 Tew
Within the constraints: 100 GV | a 4
-
B W n £

2 <tanfp <50

...and keeping the 15! two scalar generations degenerate

— Used ~1800 LHC MSSM "Observables’
« Rate counting, kinematic distributions,...

— NO SM Backgrounds! (so the REAL world is far worse!) 4
— Arkani-Hamed, Kane, Thaler, Wang, hep-ph/0512190



A Few Comments on AKTW Model Generation

There are certainly other ways one could have chosen to generate a
set of models: parameter ranges, prior ‘tilts’, etc... We are studying
these alternatives now.

These models satisfy the LEPII constraints as well as the Tevatron naive
squark and gluino bounds but not, e.g., WMAP, g-2, b — sy, direct dark
matter searches, Higgs search constraints, precision electroweak
data, etc...

To be specific and to deal with LHC distinguishability issues we will use
these models for our study.

We are now making our own much larger model set satisfying all the
known constraints. This requires many different codes to talk to each
other & lots of time for code testing & development & for actual model
generation.

Recall there is major filtering required: generate 10 models to get a few
thousand (?7?)



Opening Comments:

After some filtering, we begin our study with 242 models
In 162 pairs; some models are in more than one pairing.

A "'weakness’ of this analysis, as you will see, is that it
makes use of a huge set of SM backgrounds generated

by Tim Barklow at Ys=500 GeV. Since these backgrounds
are not available for other random energies we cannot
perform "energy scans’ to find particle thresholds as part of
our analysis and we lose a valuable ILC tool.

We also employ a cut-based analysis that may be improved
by using neural-nets.



How :

* Pick one of the models. Simulate SUSY signal events with

PYTHIA and CompHEP feeding in Whizard/GuineaPig
generated beam spectrum for ILC

» Add the SM backgrounds: all2->2,4 &6 (e*e, ye & yy)
full matrix element processes (1016) produced by Tim Barklow

* Pipe this all through the java-based SiD fast detect simulation
org.lcsim (vanilla version)

 Assuming E_,=500 GeV, L=500 fb-! with P_,_=80%, analyze
after appropriate generalized, i.e., model-independent cuts are
applied.. this is highly non-trivial requiring many iterations

—— ADD lots (and lots) of time...& >1 CPU century
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The use of full matrix elements for the SM background is
important: PYTHIA can underestimates backgrounds...

visible pT, sslactron analysls, a-= -80% pol.

avents/2 GeVf250 fbA{-1 = total PYTHIA (WW, gamma)
180T "1 PYTHIA, e+a- -> WW > g+a- nu nhubar
180T 11 PYTHIA, e+a- gamma -> a+&- hu nubar
170+ """'Whizard, e+e- -> WW -> a+e- nu nubar
160+ " Whizard, e+e- gamma -> e+e- nunubar
1501+ = {otal Whizard (WWY, gamma}
1407
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Kinematic Accessibility (= Observability)

Final State FO0 GeV [ 1 TeV
£tér g 82
Cpat- 15 86
§EeE 2 61
fit fig 4 &2
fibii 15 | 8

Any selectron or smuon 22 137
FHFT 28 145

FHEr 1 23

FEFF 4 61

D2, 11 23

frr 18 83

XTXT 53 92

Any charged sparticle 25 224
el 7 33

YerE] 180 236

%8 only 91 0

)“{{1] ~+ 1 only 5 0
%9 46 178
W% 10 83
o %e 38 a1
X3%3 4 41
K53 2 43

MNothing £l 3

Out of 242 models at 500 GeV,
61+91+5=157/242 ~ 65% have no
trivially observable signal at the
ILC...the percentage will be a bit
higher after some further
iInvestigation as discussed later.

But this fraction is much smaller
at1 TeV...

This is a strong argument for
1 TeV as soon as possible!
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ANALYSES :

To cover all the possibilities many simultaneous analyses are required:

(1) Selectron/smuon/stau pairs -+ SM analogues + missing E

(i1) Radiative neutralino (LSP) pairs using tagging y's

(i) x5° x,° — missing E + Z/H (jj /I'l")

(iv) Sneutrino pairs — (4jets+ lepton pair/6jets) + missing E , +....

(V) X4" X5~ : analyses will depend on the

Critical parameter for chargings: Am = m o+ — 0
T | (RPN BN SRt e e )
I \] + Decays outside detector |
102 — -

(@) » if Am<m_ we need todo a
stable charged particle search ..

100 microns—

pibiwdilualesl 5 Lo bbb lunlled
T | B 20 B0 BOO YO 1000

AT x (MaV)




Analyses Continued

(b) When m, < Am < ~1 GeV the chargino decays to soft hadrons
which we tag by a hard photon. A full matrix element calculation is

important here...

PYTHIA o/ CompHEP o for associated hard v production
o.T T

+ T — +
. H— s f CompHEP produces a
e ol oy harder y spectrum
ﬁ os F .54 = ‘_r':
_:E' __'g 0.5 - . +
b oo Eua Pl M '“++ 1
o + et +*F e Ty
L= B 511 ) e :
gld—————", . . o
a2 04 ng nA | L= 35 "
M+t a b Dl o %0 0 130 00 ziq ELT] kL
Am pT(y) in GeV

(c) For larger Am, we look for chargino decays through real or virtual W’s or
through smuons which lead to (4j/jj+p/up)+ missing E final states. There are
multiple sub-analyses here depending on the specific final state and W
virtuality.

Now for some results..... 21



Sample Analysis Cuts : Selectrons

Az mlraadwy meanboned shove, wa study tha channsl

gtem s eteTwE, (4.27

that 1=, tha mignaburs 1= an aleckron pair plus mis=Eng anargy. Wa damand:

1

Exactly two lapkons, idankifed a= an alactron and & posikron, in Eha evank. Minimal quality
Thiz cutks cuk b background whears for exampls both F= decsyr lapbonicallsy. cuts app"ed

B, =1 GV for o8] = 0.9
Thi= iz bocut down thamain M backegrounds from s and beam- fbransstrshlung
that produca lapkons predomiinsantly slong the baam axas.

B, =04z in tha forward hantsphara.

Tha forward hami=phara i= dafined s= the hamisphara around the thrust asas
that ha= micrs visible anargy. (In this cass we only hewe 2 visible parkiclas, =o
thiz amcunts bo kaking tha highest anarpgy of ona of the parbcles. )

Tha STUSY =ignal has mi=sing anargy in both hanisphares, wharass S ote—
produchon wia = peirs heas mszing anargy only in ona of tha hannsphares,

becansa tha othar = dacesys 1nko neuknnos in Eha othar hanisphara.

oE @ = —0.96 for the reconstruckad aleckron-posikron padr,
Sinca SUSY has & lot of nissing Fv, the SUSY-producad peir wdll not ba
back-bo-baclk, in conkrask to tha S beackpround evants.

“Wa damand that tha wisibla btranswvarse momantung, or equivalantly, tha brans-
varsa momantunt of tha aleckron-posibron peir, P, = p{:'-'_ = 0.0 =
Thi= cut i= bo reduca tha vy and -E:':*':r backpround which has mosbly lowr oy

Acoplanariby ange ST > 40 dagraes
In our casa, sinca wa damand bao alectron candidabss, tha acoplanariby angla
1= equivalant bo o minus the angla babwean tha alectoon #es, ﬂ:jh"-'-'_ =T — B,
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Sample Analysis Cuts : Selectrons (cont.)

which branslabes tha sbove raquiramant bo & restriction of tha bransvarss angla

ooE By > 004

Thiz cutz cut a lot of W -pair and yy-background which tandz ko be mosa
back-bo-back.

A - < Mz — 5 GaV oor M - =0z 4+ 5 GaV,

Thiz is bo cuk cuk evants from 2, that i=, ete™ — ZZ — ete " wi.

eventa? GeV/2s0 fr-1)

103“
1

it
10?"

106"

|

= aftar cut 1
= after cut 2
= after cut 3
= after cut 4
= after cut 5
== aftar cut 6

= fina|

|

T T T T T T T I T
60 80 100 120 140 160 180 200 220 240 260
E{e+.a-} [GaV]

T
280

1
300

These cuts are
very effective at
reducing enormous
SM backgrounds
by several orders of
magnitude...
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Sample Analysis Cuts : Selectrons (cont.)

..but the signal is only reduced by a factor of ~2!!!

o,

A AES2 GeVIZS0 M-
1,200
1,100
1,000 J-lil_l_rd-l"-l_rrl_L
o
M
PO J_I—ILLI-LI_W-L
st
!
o
|
el
KT

u|

= aftar cut 1
== plfter ek 2
= e ek A
E == pitwr out 4

€ = gftarcut &
== altar scocit
== final

This canonical table-like
structure is a result of the
2-body slepton decay mo

100
B -] 1G]

1 1 1 1 1
140 140 180 1640 Ak}

e

Now for some
analyses...
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getuyscasseszsessstBail

aie-3

Angular distributions of
final state leptons in the
decay of selectrons (top)
and smuons (bottom)
assuming RH beam
polarization.

These are not obviously
useful for spin determination
which will require a
threshold measurement

20



Some Immediate Lessons:

e SPS1a’ produces rates significantly larger than all our models

» The variation in rates is by up to a factor of ~50! Clearly
models with smaller rates will be challenging...

« Spin determinations will likely require threshold scans

* The ratio of signals to backgrounds is very polarization
dependent... usually one polarization choice is far better
than another but the particular choice depends on the
final state. For sleptons, RH polarization is the best choice
to kill large WW backgrounds.

And now for another lesson: SUSY is a background for SUZS1Y...



More smuons? Here are 6 models passing the smuon search
criteria that are NOT smuons but feed-down from other SUSY
particles...note the different spectrum structure.

Ef mu+, mu-

15T

background
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Enfies: 414
Pd=an : 18254
Frm=: 4.2713

F14343.ada
Enties : 554
Ml=an : 16301
Rre=: 78241

F15393.ada
Enfies: 233
M=an : 13303
Rrr=: 58917

RE2T075.ada
Enfies: 433
M=an : 14252
Frm=: 6.7334

RI9331.ada

Enfies : 6303
Mi=an : 51141
R 21293

'I"l.l-ll.- o

110

120

130 140

RH Polarization

This is a rather
common feature..
here we have mostly
charginos.. notice
the shape difference
with the previous
plot..

Sometimes both real
signals and fakes

appear together
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E{18u + tan—
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Staus

....cleanliness at the

cost of efficiency...
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& Sneutrino pairs are kinematically accessible in 11/242 models

For the first two generations we have :

(/) sneutrino — v + LSP is invisible, but generally dominates X

(/) sneutrino - W + slepton — jj + lepton + LSP : not allowed on-shell X

(#)) sneutrino — y;* + lepton — jj +lepton +LSP : allowed in only one model
and the resulting jets are rather soft..... X

(iv) sneutrino - v + %,° - jj +missing E : allowed only in one model and the
jets are again too soft... X

& — sneutrinos are not observable at 500 GeV in any model.....

...and tagging the sneutrino final state with a v doesn’t work either. a5



CHARGINOS : MULTIPLE ANLAYSES REQUIRED

Ghargino Mixing

" ragel > 1 | | I>< WO “WH
y o~
wino
08 -
%
DB - +
. X1
D4 -
%( pd
Most models are close
02 - to weak interaction
. eigenstates
Higgsino
1] % 1 | | | H
0 02 D4 DB 08 1 25

2
|uy,]



Charginos are seen in many different analyses...

E : I I I I ‘ I I I I | I I I I | I I I I | I I I I | I I I I :
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Chargino--4j + missing E analysis:
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Chargino--2u + missing E analysis : Muon Energy Analysis

E{rn u+mum—)—chargino

RH

E

background

Ra22d aida

F10197 gida

F122=0.aida
— Fi1424973 8ids
— FRarzrez mids
— R27F1z=amida
— mixF1 aida

o222 gids

Enirie= : 2aS5d
Me=an : 94 722
Fimr= : Sd4.725

Fi 10127 .aida

Enirie= : 7Cra0
M=an : &0 420
Fimr= @ So0oes

Fi12=>=0.aida

Eniries : a5
Me=an @ a2 40
Fimr= : 55727

i1 4202 micla

Enirie= : 2341Z
M=an @ 101 .05
Fnmme @ 23253

i =arrsrz micla

Enirie= : Z2das=
M=an @ s ooes
Fim= @ &&.195

Fi=277izaida

Enirie= : 22320
Me=an @ 10d.07F
Fim= : &7.=2==

jnizFi1 aida

Enirie= : 214d=
hMe=an @ 10540

28



E{jetpair} + mu —chargino
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Charginos--2 jet+ muon
+missing E Analysis:
Jet Pair Energy
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Small Am ~ 1 GeV, Charginos: soft hadrons + photon tag

M ch is,chi-)
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Recoll mass

Here are 6 models that are all different... |
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10%

ound

Stable charginos are
quite easy to see with
reasonable resolution

Note that ATLAS(CMS)
achieves a resolution

on [ better than 5(3)%
so we should expect an
ILC detector to do as well
or better

...other stable charged
particles, in this case
staus, are also captured
by this analysis...
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Stable staus are

also easy to see..

ackground

Staus can be easily
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angular distribution &
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Radiative Neutralino Production

ete” > 7,%," is invisible so we employ the y-tag againete™ —» y,%7,% + 4

which we calculate using CompHERP.....

ANALYSIS CUTS AT 500 GeV

[T, B S TR N —

. One vy and nothing else visible in the event

. B = Ersing” > 0.03 Vs, 67 is v angle w/ beam axis

. sintr > 0.1

. Er < 160.0 GeV (removes radiative return to the Z)

Use CompHEP to generate hard matrix element

I} .
ol i L

SPS1a The signal i1s "big’ for SPS1a but this is
| not so over the model space that we

—— | explore... SM backgrounds from e*e

(" background~~~~~ - ~  svvy(y) are also very large and difficult

| | ——— to kill with standardized cuts

Dreiner et al., hep-ph/0610020 47

|

2iM0 <4
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Signal Processes
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P

Standard Model Background

e (P ~=ylg) e (p1) - ——ra ki) e (pi1) —— 120
e*{ w4 Wt b
|.-'_:|:ir:|] I-T.:l:i.'E] I"‘-\.-"-\.-"-\.-'H.i':\.|:.:!]
1.-'i.-"+.i & 1,.li_-f+j.
et ipa) a—L i (ka) et ipa) +(g) et(pz) ——a—i7, (kg

diagram 1 diagram 2 diagram 3

P i) P 7 —re(ky)

Fiﬁ]j“—"” o E‘iﬁ]j:'{:. (kg
€ E_{_,.el.:ﬁ . € . i kg )

eT(p2) -
eika) “.v(q)

diagram 4 diagram 5

SM graphs are dominated by W exchanges and so can be

significantly reduced by employing RH electron and LH
positron beam polarization.

= included in PYTHIA
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P EELTSRNUBWEET DR R Y
2RREBRERBRBERERERE

Photon tagging is quite
efficient.. we see this

final state for 17/242
models. Sneutrino pollution
Is important in some cases.

S/B can be substantially

increased here by using
=== PO0SItron polarization.

iR AE

SPS1a’ produces a rate
far larger than all our
models but is contaminated

by sneutrino production
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X0 X4° Analysis : most models accessible at 500
GeV have a smallish mass splitting and will be
tough...look for an on/off-shell Z in jj, ee, and pp

xug x':'1 hdass Difference

T A— Neutralino Mass Difference

16

ja L Most models have small mass
splittings making them difficult

12

10 F —

Mum. of Models

|- might work(5) ?

Al |- on shell Z final state(8)
. ﬂ FHFI [ [] FH [ []

tass Difference (Ge')



Do oo oo MM MMM WL oL L Wb b oL L LI D o® & A
s B ERRBBEEAERAEEINAERANAEREREEREARERGE
T T T T T T TN Y T N T T T O T T T T T |

In the jj channel we do
see an excess at the Z
(5 models) but also a

huge W peak from both
backgrounds as well as
from other sparticles

such as the charginos...
we also see the Higgs.

ZEREEETERER S
NN I S [ [ N N S |

LESaBbuysseyegdeagsfii
A

- ['&%| This signal can be

M(ee) I el cleaned up with better
-' 3 mass resolution and/or

positron polarization

In the ee channel we

have mostly fakes..
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b
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Dominant backgrounds, jet energy resecluticn comparison, e- = +20% pol.

100 105 110 115 =0

Here we see the response

to both positron polarization
and changes in the jet energy
resolution...these changes
are necessary to improve

this channel

Dijet Invariant Mass, 8+B, e- = +80% pclarization

avents/2 GeV/250 fb{-1

36007
34007
32007
23,0007
2,8007
28007
24007
22007
20007
1.8007T
1,8007
1,4007
1,2007

= =t E resolution = 20%/sqri{E
= jot E resolution = 30%/sqrt{E
= ot E resolution = 50%/sqri{E

55

¥ T t t
B0 65 70 75

f t t t t T T t |
80 85 90 95 100 105 110 115 120
M_inv(jj) [GeV]

events/2 GeV/250 fbA-1]
7507

70T
B&OT
B00T
550
5007

4007
350+
300+
2507
2007
1607

= model 34
J- model 16018
= model 1822
= model 8324
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After all this, our first goal is collect our results and determine
just how many models lead to a visible signal at the 500 GeV

ILC...

FParticle | Number Visible
ér, 24
iR 13/15
FiL 9/9
iR 12/15
Fi g 21/38
Fe 0/11
& 0/18
i 4953
el 17 /180
el 5 /46

We do this by performing a
likelihood ratio analysis based
on Poisson statistics and require
a significance greater than 5
to claim observability.

R=L(S+B1,B2)/L(B1,B2)
Sig=(2 log R)"? > 5

This is done individually for each

of our analysis histograms...
40



Recall that out of our sample of 242 models

85 have at least one charged sparticle
* 61 have no kinematically accessible sparticles

* 96 have only neutral sparticles accessible, mostly just the LSP

Apparently, from looking at the table, we do reasonably well
seeing charged sparticles but seeing neutrals is much harder....

In the case of charged sparticles, the missed models are due to
either phase space rate suppression or, e.g., stau mixing

41



Once these results are known we next perform a y?
comparison of our model pairs employing the 2 statistically
independent background samples requiring & distinguishability
at 5(3)o...

¢ = x?(S1+B1,S2+B2)

Here we take a combination of histograms, one from each
analysis, i.e., one from selectrons, one from smuons, etc.

Recall that we have a set of 162 pairs...

of these, 90 are neutral’ vs neutral’ and 72 are between
models where at least one of the models has one or more
kinematically accessible charged sparticle
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The Final Score
Visibility: We see

78/85 models w/ at least one charged sparticle
17/96 models w/ neutral sparticles only

82/161 models w/ any accessible sparticle
82/242 of all models

As stated above we do well with charged sparticles. The
ones we miss are most/y due to phase space suppression
producing small cross sections or inability to pass kinematic
cuts.

Models with only neutrals are far harder.. .



The Final Score (Part ) :
Distinguishability

57(63)/72 pairs w/ at least one charged sparticle
at 5(3)o
0/90 pairs where "neutral only’ models are compared

57(63)/162 of all pairs at 5(3)c

Some visible models are only “just so’ and are thus hard to
distinguish.. this is especially true for the chargino vs chargino
case.

Again, neutrals only’ are very hard.. just to see.
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How can we improve our batting average?

* In the charged sector, overall we do rather well but we could do a
somewhat better job seeing taus and distinguishing them from charginos
with small mass splittings from the LSP. Low angle tracking to ID muons
would be useful.

* The biggest problem is in the neutral sector especially as many models
and pairs of models only have the lightest neutralino accessible. Observing
photon-tagged LSPs is already quite difficult due to low rates & the large
SM background. At fixed Vs, increased luminosity & positron polarization
will be helpful. One can also use the fact that signal & background have a
different Vs behavior.

- Better access to x,° would be useful but the W-induced dijet background

is very large. Both positron polarization and/or better jet E resolution is
needed is this case.
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SUMMARY AND OUTLOOK

This project has been a learning experience....and full of many surprises.
The first round of our analysis is now completed (and we did finally get
papers out!) but there are many extensions to the present work we wish to
pursue...

() Study higher energy colliders and the influence of positron polarization
on both signals and backgrounds (+more channels to look at). Do
threshold scans of some kind, include vertex detector analyses...

(/) Explore using CompHEP/MADGRAPH to generate SUSY signal events
for all analysis channels & use SDECAY to access more final states

(/i) Study variations in the detector properties, in particular, the effect of
introducing, e.g., low-angle muon ID below ~140 mr and employing
better jet energy resolution.

(/v) Begin a completely new analysis with a more realistic set of models
which includes other constraints from, e.g., the Tevatron, LEP,
WMAP, g-2, b-sy, direct dark matter searches, etc.



BACKUP SLIDES
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Mum. of Modeks

Slepton Spectra

I R I
alaciranmuan snauirng mas ——
U snarng mas ——
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Essentials of MSSM Parameters and Mixings

M My /2 sin 3 : i i
( My /T cos 3 ! "”# | ) Wino + charged Higgsino — x*, ,
binO + neUtraI WinO M, 0 —Mzgswcosd Mgswsin 3
and Higgsinos D jl-*fz ﬂirzﬂﬁr C'DEI.B —ﬂfgﬂﬁr Si]:ll-'j
0 —Mzsweos 3 Mgewcosd 0 —
— X 1,234 Mzswsinff —Mzewsin 3 .y 0
M2 ( Mip  mp ) left- and right-sfermions —

sfermions, , ....mostly
relevant for stops, sbottoms
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m [GeV]

Characteristics of Degenerate Models

LHC: measures mass differences in cascade decays quite well...
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Gauge Companamzal Lighia=l Mautraing

wina fraction

= BEE 25Ty

- Y.

higgsino fraction

o | NEUTRALINOS
bino 11 ‘s in our models are
o =——% almost all weak eigenstate
oo ~fields... these figures break
Higgsino down their wino, bino and

Higgsino contents. This has
to do with how the relevant
parameters were scanned..

bino
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In most models the signal rate is so small there is no hope
of observability...
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Chargino--4j + missing E analysis (off-shell). Jet Parr Mass

Wijipan ) - chuarging

M .. RH Polarization wane | Again very difficult
o when off-shell W's
" :z» | are produced ....

<« SM background wga:-ﬂ- -
y . imn fake
on-shell W's T :
" s Model 1822 again,

erces |  2y,% production

1
L Eririas - 78
—L]_h T

I T

oy

] }
L] L] o 0 o0 ! ar L L. i WED LLLY T 1 iy 150 140




miaging E {411} — anautrinoa

150 - — L1322.5d=
4 — LA32d.5da
S 1 . . . — L33 midn
1w M|SS|ng E(4J”) — izl 1. sida
1685 T
180 T L1822 .ada
{185 < Enfi==: S6802
180 I=an : I71.09
T Ar=: 151.67
as 1 background Fmann
12 T Enii==: @141
135 + i fd=an : 27375
Arres: 14855
13T 1 L5331 micks
135 T Enfie=: 8030
12X T LH =m0 712
115 + Arme=: 148.77
A izl =ada
11 Enfias: 5473
108 T Tl 0 JF0UED
1 )
100 | Arm: 153.91
]
w4
m —
E —
a0+
ol Ml
"
g
m —_
E —
m — ] [
il chargino & neutralino fakes
!
3E T =
_—
=1 i I L .
i :: 1 i I 'I
10T Al . |i =i I-.!i 'I-I u II' H : " )
e Pl S|MIEP—
. f 7 ] i e B P e, ) . . ,
ﬂ T T T T T T T T T T T T T T 1
2m 220 290 2680 25 am 120 340 360 HHo am a2 440 a0 Mo S s20

59



s it REALLY this easy ?7? Yes (sort of) with SPS1a..
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