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E-theory from a univ defo of a supersingular elliptic curve

fg of £ = the univ defo of a fg of ht 2 over a perfect field of char 3

Goal find an explicit model for this.

C: y?+axy+ay =23 +2% 4-torsion point (0,0)  “universal”
over S = Z[1/4][a, A~'] with A = a?(a?® — 16)
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A total power operation from a univ defo of Frobenius

b C = C/G
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A total power operation from a univ defo of Frobenius
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A total power operation from a univ defo of Frobenius

: C — C/G restricts as 1g: Cy — Cj (3-power Frob)
ﬂ Bridge 2 (Ando-Hopkins-Strickland '04, Rezk '09)
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A total power operation from a univ defo of Frobenius

: C — C/G restricts as 1g: Cy — Cj (3-power Frob)
ﬂ Bridge 2 (Ando-Hopkins-Strickland '04, Rezk '09)

E°BY3/1 = O Strickland '98)
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A total power operation from a univ defo of Frobenius

. C — C/G restricts as ¢y: Cy — Cy (3-power Frob)
ﬂ Bridge 2 (Ando-Hopkins-Strickland '04, Rezk '09)

W’ B — E°BYs/I = O, 5 (Strickland '98)

Goal construct and compute explicitly v: C' — C'/G.
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A total power operation from a univ defo of Frobenius

: C — C/G restricts as 1g: Cy — Cj (3-power Frob)
ﬂ Bridge 2 (Ando-Hopkins-Strickland '04, Rezk '09)

W’ B — E°BYs/I = O, 5 (Strickland '98)

Goal construct and compute explicitly ¢: C — C/G.

Yifei Zhu Power operation calculations in elliptic cohomology



A total power operation from a univ defo of Frobenius

Theorem (Z.)

The universal deformation of Frobenius
v: C — C/G
is defined over 53 = Sla]/(a* — 602 + (a* — 8)a — 3),
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A total power operation from a univ defo of Frobenius

Theorem (Z.)

The universal deformation of Frobenius
v: C— C/G=C"
is defined over 53 = Sla]/(a* — 6a? + (a* — 8)a — 3), where

C': ¥’ +dzy+dy=a3+2>
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A total power operation from a univ defo of Frobenius

Theorem (Z.)

The universal deformation of Frobenius
Yp: C —C/G=C
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Yifei Zhu Power operation calculations in elliptic cohomology



A total power operation from a univ defo of Frobenius

Theorem (Z.)
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A total power operation from a univ defo of Frobenius

Theorem (Z.)

The total power operation
P3: B0 — E°BY3/1
=~ E%a]/(a* — 602 + (a® — 8)a — 3)
is given by
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A total power operation from a univ defo of Frobenius

Theorem (Z.)

The total power operation
P3: E' — EOBY3/I
=~ E%a]/(a* — 60 + (a® — 8)a — 3)
is given by

¥3(a) = a® — 12a + 1207 4-(—6a+20a " )at+4a o’ +(a—4a"1)a3
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¥3(a) = a® — 12a + 1207 4-(—6a+20a " )at+4a o’ +(a—4a"1)a3
VP (h) =¥ (a®+1) = ¢ (a)*+1 =
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Corollaries

Define individual power operations Q;: EY — EY by

V3 (x) = Qo(z) + Q1(z)r + Qa(x)a? + Q3(x)0
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Corollaries

Define individual power operations Q;: EY — EY by

V3 () = Qolz) + Q1(x)a + Qa(x)a’ + Qs(x)a®

Corollary (Z.)

An explicit presentation is given for the Dyer-Lashof algebra I" of
E, as a twisted bialgebra over E° = Zg[h],
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Corollaries

Define individual power operations Q;: EY — EY by

V3 () = Qolz) + Q1(x)a + Qa(x)a’ + Qs(x)a®

Corollary (Z.)

An explicit presentation is given for the Dyer-Lashof algebra I" of
E, as a twisted bialgebra over E° = Zg[h], in terms of the

generators Qo, Q1, Q2, Qs3,
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Corollaries

Define individual power operations Q;: EY — EY by

V3 () = Qolz) + Q1(x)a + Qa(x)a’ + Qs(x)a®

Corollary (Z.)

An explicit presentation is given for the Dyer-Lashof algebra I" of
E, as a twisted bialgebra over E° = Zg[h], in terms of the
generators Qg, 1, Q2, Y3, commutation relations between Q;
and h,
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Corollaries

Define individual power operations Q;: EY — EY by

V3 () = Qolz) + Q1(x)a + Qa(x)a’ + Qs(x)a®

Corollary (Z.)

An explicit presentation is given for the Dyer-Lashof algebra I" of
E, as a twisted bialgebra over E° = Zg[h], in terms of the
generators Qg, 1, Q2, Y3, commutation relations between Q;
and h, Adem relations between @); and @);, and Cartan formulas.
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Corollaries

Define individual power operations Q;: EY — EY by

V3 () = Qolz) + Q1(x)a + Qa(x)a’ + Qs(x)a®

Corollary (Z.)

An explicit presentation is given for the Dyer-Lashof algebra I" of
E, as a twisted bialgebra over E° = Zg[h], in terms of the
generators Qg, 1, Q2, Y3, commutation relations between Q;
and h, Adem relations between ; and ();, and Cartan formulas.

Idea for Adem relations study 3 o 13 by looking at 1) o 1.
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Corollaries

F=Lgn)E
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Corollaries

F=Lgn)E

FO = 74[h]
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Corollaries

F=Lgn)E

FO = 74[h][h Y
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Corollaries

F=Lgn)E

FO = Zg[h]h 11}
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Corollaries

F=LgnE
FO = Zo[n][h 115

n=—0oo

cn € Z9’nli>rflooc" = O}
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Corollaries

F=LgnE
FO = Zo[n][h 115

n=—0oo

cn € Z9’nli>rfloocn = 0}

Corollary (Z.)

The K (1)-local power operation %: F° — F is given by

Y3(h) = h® — 27h? + 183h — 180 + 186h ™ + 16742 + - - -
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Corollaries

F=LgnE
FO = Zo[n][h 115

n=—0oo

cn € Z9’nli>rfloocn = 0}

Corollary (Z.)

The K (1)-local power operation %: F° — F is given by

Y3(h) = h® — 27h? + 183h — 180 + 186h ™ + 1674h ™2 + - - -
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Corollaries

F=LgnE
FO = Zo[n][h 115

n=—0oo

cn € Z9’nli>rfloocn = 0}

Corollary (Z.)

The K (1)-local power operation %: F° — F is given by

Y3(h) = h® — 27h? + 183h — 180 + 186h ™ + 16742 + - - -
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Future directions

Question Can we get, for all p, a uniform presentation of the
Dyer-Lashof algebra I' for Morava E-theory at height 27
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Future directions

Question Can we get, for all p, a uniform presentation of the
Dyer-Lashof algebra I' for Morava E-theory at height 27

A uniform presentation for I'/p has been given at ht 2 (Rezk '12).
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Future directions

Question Can we get, for all p, a uniform presentation of the
Dyer-Lashof algebra I' for Morava E-theory at height 27

A uniform presentation for I'/p has been given at ht 2 (Rezk '12).

YP: E° — E°BY, /I
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Future directions

Question Can we get, for all p, a uniform presentation of the
Dyer-Lashof algebra I' for Morava E-theory at height 27

A uniform presentation for I'/p has been given at ht 2 (Rezk '12).
YP: B0 — EOBZP/I

hard part: explicit structure of EOBEp/I as a module over E°
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Future directions

Question Can we get, for all p, a uniform presentation of the
Dyer-Lashof algebra I' for Morava E-theory at height 27

A uniform presentation for I'/p has been given at ht 2 (Rezk '12).
YP: EY — E'BY, /1 = Z,2[h][o] / (w(a))

hard part: explicit structure of EOBEp/I as a module over E°
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Future directions

Question Can we get, for all p, a uniform presentation of the
Dyer-Lashof algebra I' for Morava E-theory at height 27

A uniform presentation for I'/p has been given at ht 2 (Rezk '12).
YP: EY — E'BY, /1 = Ze[h][a]/ (w(a)) = Ze (o, o'/ (ad +p)

hard part: explicit structure of EOBEp/I as a module over E°
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Future directions

YP: EY — E'BY, /1 = Z[h][o]/ (w(a)) =2 Ze[a, o]/ (ad +p)
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Future directions

YP: EY — E'BY, /1 = Z[h][o]/ (w(a)) =2 Ze[a, o]/ (ad +p)

p = 2 (Rezk) (Mahowald-Rezk)

ad —ao—2 r'i(3): ¥2 +axy +y = 23
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Future directions

YP: EY — E'BY, /1 = Z[h][o]/ (w(a)) =2 Ze[a, o]/ (ad +p)

p = 2 (Rezk) (Mahowald-Rezk)
ad —ao—2 r'i(3): ¥2 +axy +y = 23
p=3(Z)

at —6a? + (a®> — 8)a— 3 1(4): y? + axy + ay = 23 + 22
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Future directions

YP: EY — E'BY, /1 = Z[h][o]/ (w(a)) =2 Ze[a, o]/ (ad +p)

p = 2 (Rezk) (Mahowald-Rezk)
ad —aa —2 r'i(3): ¥2 +axy +y = 23
p=3(Z)

at —6a? + (a®> — 8)a— 3 1(4): y? + axy + ay = 23 + 22
p=5(Z)

ab — baat + 400 — 5a%a® + (a® — 19a)a — 5 I'v(3)
a® —10a® + 350* — 6003 + 5502 — (a* — 16a% + 26)a +5 T(4)
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Future directions

YP: EY — E'BY, /1 = Zp[h][o]/ (w(a)) =2 Ze[a, o]/ (ad +p)

= 2 (Rezk) (Mahowald-Rezk)
ad —ao—2 r'i(3): ¥2 +axy +y = 23
p=3(Z)
at —6a? + (a? — 8)a — 3 ['1(4): ¥? + azy + ay = 23 + 2?
p=5(2)
al — baat + 400® — 5a%a® + (a® — 19a)a — 5 ' (3)

a® —10a® + 350* — 6003 + 5502 — (a* — 16a% + 26)a +5 T(4)

Yifei Zhu Power operation calculations in elliptic cohomology



Future directions

YP: EY — E'BY, /1 = Zp[Rh][o]/ (w(a)) =2 Ze[a, o]/ (ad +p)

= 2 (Rezk) (Mahowald-Rezk)
ad —aa —2 r'i(3): ¥2 +axy +y = 23
p=3(Z)
at —6a? + (a® — 8)a — 3 [1(4): y? + axy + ay = 23 + 22
p=5(2) {
ab — baat + 400 — 5a%a® + (a® — 19a)a — 5 I'v(3)

a® —10a® + 350* — 6003 + 5502 — (a* — 16a* + 26)a +5 T1(4)
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Future directions

YP: EY — E'BY, /1 = Zp[Rh][o]/ (w(a)) =2 Ze[a, o]/ (ad +p)

= 2 (Rezk) (Mahowald-Rezk)
ad —ao—2 r'i(3): ¥2 +axy +y = 23
p=3(Z)
at —6a? + (a? — 8)a — 3 [1(4): y? + axy + ay = 23 + 22
p=5(2)
ab — 5aat + 400 — 5a%a® + (a® — 19a)a — 5 I'i(3)

a® —10a® + 350* — 6003 + 5502 — (a* — 16a% + 26)a +5 T(4)
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Future directions

YP: EY — E'BY, /1 = Zp[Rh][o]/ (w(a)) =2 Ze[a, o]/ (ad +p)

p = 2 (Rezk) (Mahowald-Rezk)
ad —aa —2 r'i(3): ¥2 +axy +y = 23
p=3(Z)

at —6a? + (a®> — 8)a— 3 1(4): y? + axy + ay = 23 + 22
p=5(Z)

ab — baat + 400 — 5a%a® + (a® — 19a)a — 5 I'v(3)
a® —10a® + 350* — 6003 + 5502 — (a* — 16a% + 26)a +5 T(4)
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Thank you.
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