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Definition (K ⊆ Rn,ΠK ⊆ Rn)

hΠK(x) =

∫
Sn−1

1

2
|⟨x, v⟩|dSK(v)

Definition (ΠpK ⊆ Rn, )

Definition (K ⊆ Cn,ΠCK ⊆ Cn, C ⊆ C, Haberl (2019))

hΠCK(x) =

∫
S2n−1

hC(v · x)dSK(v)

Definition (K ⊆ Rn,ΠmK ⊆ (Rn)m, H.L.Y.P.R (2023))

hΠmK(x) =

∫
Sn−1

max
i=1...m

⟨xi, v⟩−dSK(v)
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Definition (K ⊆ Rn,ΠQ,pK ⊆ Mn,m(R), Q ⊆ Rm)

hΠQ,pK(x)p =

∫
Sn−1

hQ(v
t.x)pdSp,K(v)

Theorem ∣∣Π◦
Q,pK

∣∣
nm

≤
∣∣Π◦

Q,pBK

∣∣
nm

1 For Q = [−1
2 ,

1
2 ] we get the usual projection body.

2 For Q = [−c1, c2], p > 1 we get the asymmetric projection bodies.

3 For Q ⊆ R2 it contains the complex projection body as a section.

4 For Q = Q1 +p Q2 we get ΠQ1,pK +p ΠQ2,pK.

5 ΠQ,p(A.K) = |det(A)|−1/pA.(ΠQ,pK)
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Definition (ΠQ,pK ⊆ Mn,m(R))

hΠQ,pK(x)p =

∫
Sn−1

hQ(v
t.x)pdSp,K(v)

Theorem ∣∣Π◦
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nm
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∣∣Π◦
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7 For p → ∞ we get operator norms.
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Operator norms

Theorem

Let BE,F ⊆ Mn,m(R) be the unit ball in operator norm, of the maps
between banach spaces

(Rn, E) → (Rm, F )

then
|BE,F |nm ≤ |BBE ,F |nm = |E|−m

n |Bn
2 |

m
n

∣∣BBn
2 ,F

∣∣
nm

|BE,F |nm ≤ |BE,BF
|nm = |F |nn |B

m
2 |−n

n

∣∣BE,Bm
2

∣∣
nm

|BE,F |nm ≤ |E|−m
n |F |nn |B|m−n

n |S∞|nm

J. Haddad, D. Langharst, D. Ye, E. Putterman, M. RoysdonThe Lp Higher-order Petty projection inequalityConvex Geometry - Analytic Aspects6 / 1



Operator norms

Theorem

Let BE,F ⊆ Mn,m(R) be the unit ball in operator norm, of the maps
between banach spaces

(Rn, E) → (Rm, F )

then
|BE,F |nm ≤ |BBE ,F |nm = |E|−m

n |Bn
2 |

m
n

∣∣BBn
2 ,F

∣∣
nm

|BE,F |nm ≤ |BE,BF
|nm = |F |nn |B

m
2 |−n

n

∣∣BE,Bm
2

∣∣
nm

|BE,F |nm ≤ |E|−m
n |F |nn |B|m−n

n |S∞|nm

J. Haddad, D. Langharst, D. Ye, E. Putterman, M. RoysdonThe Lp Higher-order Petty projection inequalityConvex Geometry - Analytic Aspects6 / 1



Operator norms

Theorem

Let BE,F ⊆ Mn,m(R) be the unit ball in operator norm, of the maps
between banach spaces

(Rn, E) → (Rm, F )

then
|BE,F |nm ≤ |BBE ,F |nm = |E|−m

n |Bn
2 |

m
n

∣∣BBn
2 ,F

∣∣
nm

|BE,F |nm ≤ |BE,BF
|nm = |F |nn |B

m
2 |−n

n

∣∣BE,Bm
2

∣∣
nm

|BE,F |nm ≤ |E|−m
n |F |nn |B|m−n

n |S∞|nm

J. Haddad, D. Langharst, D. Ye, E. Putterman, M. RoysdonThe Lp Higher-order Petty projection inequalityConvex Geometry - Analytic Aspects6 / 1



Operator norms

Theorem

Let BE,F ⊆ Mn,m(R) be the unit ball in operator norm, of the maps
between banach spaces

(Rn, E) → (Rm, F )

then
|BE,F |nm ≤ |BBE ,F |nm = |E|−m

n |Bn
2 |

m
n

∣∣BBn
2 ,F

∣∣
nm

|BE,F |nm ≤ |BE,BF
|nm = |F |nn |B

m
2 |−n

n

∣∣BE,Bm
2

∣∣
nm

|BE,F |nm ≤ |E|−m
n |F |nn |B|m−n

n |S∞|nm

J. Haddad, D. Langharst, D. Ye, E. Putterman, M. RoysdonThe Lp Higher-order Petty projection inequalityConvex Geometry - Analytic Aspects6 / 1



Fiber Symmetrization

Let v ∈ Sn−1.

⟨v⟩m = ⟨v⟩ × · · · × ⟨v⟩ = (λ1v, . . . , λmv) = v.Mm,1(R)

⟨v⟩⊥m = ⟨v⟩⊥ × · · · × ⟨v⟩⊥ = {x ∈ Mn,m(R) : vtx = 0}

Let L ⊆ Mn,m(R)
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Fiber Symmetrization

Let v ∈ Sn−1.

⟨v⟩m = ⟨v⟩ × · · · × ⟨v⟩ = (λ1v, . . . , λmv) = v.Mm,1(R)

⟨v⟩⊥m = ⟨v⟩⊥ × · · · × ⟨v⟩⊥ = {x ∈ Mn,m(R) : vtx = 0}

Let L ⊆ Mn,m(R)

S̄vL =
⋃

y∈⟨v⟩⊥m

y +
1

2
D(L ∩ (y + ⟨v⟩m))

|L|nm ≤
∣∣S̄vL

∣∣
nm

Theorem

S̄vΠ
◦
Q,pK ⊆ Π◦

Q,pSvK
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Thank you
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