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e E/Q elliptic curve of conductor N.
e pt2N good ordinary prime for E.

o V,E = (lim, E[p") © Q.

Theorem (Kato's ERL)
There is a class k' € H'(Q, V,E) such that
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e E/Q elliptic curve of conductor N.
e pt2N good ordinary prime for E.

o V,E = (lim, E[p") © Q.

Theorem (Kato's ERL)
There is a class k' € H'(Q, V,E) such that

L(E,1)
Qe

Kato)) RN

eXpPRK (Locp(np

where Loc, : HY(Q, V,E) — HY(Qp, V,E) is the restriction maps at p,
and

exphk - H{(Qp, VL,E) = Q,

is Bloch—Kato's dual exponential map.
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Perrin-Riou’s conjecture

Let Sel(Q, V,E) C HY(Q, V,,E) be the p-adic Selmer group of E:

0— E(Q)® Qp — Sel(Q, V,E) — (I<|_ OI(E/Q)[p"]) ® Qp — 0.
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Let Sel(Q, V,E) C HY(Q, V,,E) be the p-adic Selmer group of E:
0 - E(Q) ® Qp - Sel(@, Vo) — (jm LI(E/Q)[p"]) & Qp — 0.

By Kato's ERL, L(E,1) = 0 <= k5" € Sel(Q, V,E).

Conjecture (Perrin-Riou, 1993)
Suppose that L(E,1) = 0.
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Perrin-Riou’s conjecture

Let Sel(Q, V,E) C HY(Q, V,,E) be the p-adic Selmer group of E:
0 - E(Q) ® Qp - Sel(@, Vo) — (jm LI(E/Q)[p"]) & Qp — 0.

By Kato's ERL, L(E,1) = 0 <= k5" € Sel(Q, V,E).

Conjecture (Perrin-Riou, 1993)

Suppose that L(E,1) = 0. Then the following are equivalent:
(1) /{i}fato # 0.

(2) ords—1L(E,s) =1.

(3) rankzE(Q) =1 and #I1(E/Q)[p>°] < oo.
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Perrin-Riou’s conjecture

Let Sel(Q, V,E) C HY(Q, V,,E) be the p-adic Selmer group of E:
0 E(Q) ® Qp - Sel(@, V) — (jm LI(E/Q)[p"]) & Qp 0.

By Kato's ERL, L(E,1) = 0 <= k5" € Sel(Q, V,E).

Conjecture (Perrin-Riou, 1993)
Suppose that L(E,1) = 0. Then the following are equivalent:

(1) /{,}fato # 0.

(2) ords—1L(E,s) =1.

(3) rankzE(Q) =1 and #I1(E/Q)[p>°] < oo.

Moreover, in that case logg (k™) = logg(P)? (mod Q*), where
P € E(Q) ® Q is any generator.
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Conjecture (Perrin-Riou, 1993)
Assume L(E,1) = 0. Then TFAE:

(1) KKato 20,

(2) ords=1L(E,s) =1.

(3) rankzE(Q) =1 and #II(E/Q)[p>°] < oc.

Moreover, in that case logg(rpy ™) = logg(P)? (mod Q*), where
P e E(Q) ®Q is a generator.
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Moreover, in that case logg(rpy ™) = logg(P)? (mod Q*), where
P e E(Q) ®Q is a generator.

Remarks
e (2) & (3) : proved by Gross—Zagier, Kolyvagin; Skinner, W. Zhang,
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Moreover, in that case logg(rpy ™) = logg(P)? (mod Q*), where
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Perrin-Riou’s conjecture

Conjecture (Perrin-Riou, 1993)

Assume L(E,1) = 0. Then TFAE:

(1) KKato 20,

(2) ords=1L(E,s) =1.

(3) rankzE(Q) =1 and #II(E/Q)[p>°] < oc.

Moreover, in that case logg(rpy ™) = logg(P)? (mod Q*), where
P e E(Q) ®Q is a generator.

Remarks
e (2) & (3) : proved by Gross—Zagier, Kolyvagin; Skinner, W. Zhang,

etc..
e (3) & (1) : proved by Bertolini-Darmon—Venerucci, etc..

e As a consequence, if ords—1L(E,s) > 2 then /{ffato =0!
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Theorem (Darmon-Rotger's ERL)

There is a generalised Kato class
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Generalised Kato classes

Darmon—Rotger’s explicit reciprocity law

Generalised Kato classes are attached to
e a triple of eigenforms (f, g, h) € So(Nf) x S1(Ng, €) x S51(Np, €),
e a choice of roots (7,0) € {ag, B¢} x {an, Bn}.

Theorem (Darmon-Rotger's ERL)

There is a generalised Kato class

’K':’Y’é(fvgv h) € Hl(Qa Vfgh)7
where Vigh = V¢ @ Vg @ Vj, such that

exppy (Locy(ky,5(f, 8, h))) = L(1,f @ g @ h).

Note: Roughly speaking, k., s(f, g, h) = limy_1 AJ,(A%Nx).
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Darmon—Rotger’'s conjecture

Running hypotheses:
e a, # Bg and ay # Bh, so we have four a priori distinct

K’y,&(f,g, h) € Hl(@a Vfgh)
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Running hypotheses:
e a, # Bg and ay # Bh, so we have four a priori distinct
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Suppose that L(1,f ® g ® h) = 0.
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e a, # Bg and ay # Bh, so we have four a priori distinct

K’y,&(f,g, h) € Hl(@a Vfgh)
o ged(Np, NgNp) =1, s0 e(f ® g @ h) = +1.

Conjecture (Darmon—Rotger)

Suppose that L(1,f ® g ® h) = 0. Then the following are equivalent:
(1) The classes k~,s5(f, g, h) span a non-trivial subspace of Sel(Q, V).
(2) dimQPSel(Q, Vfgh) =2.

Note:

e The conjecture does not predict that the classes k. s(f, g, h) span
the entire Sel(Q, V).
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Generalised Kato classes

Darmon—Rotger’'s conjecture

Running hypotheses:
e a, # Bg and ay # Bh, so we have four a priori distinct

K’y,&(f,ga h) € Hl(@a Vfgh)
o ged(Np, NgNp) =1, s0 e(f ® g @ h) = +1.
Conjecture (Darmon—Rotger)
Suppose that L(1,f ® g ® h) = 0. Then the following are equivalent:

(1) The classes k~,s5(f, g, h) span a non-trivial subspace of Sel(Q, V).
(2) dimQPSel(Q, Vfgh) =2.

Note:

e The conjecture does not predict that the classes k. s(f, g, h) span
the entire Sel(Q, V).

e The assumptions imply that ords—1L(s,f ® g ® h) > 2.
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e Suppose now that f corresponds to an elliptic curve E/Q, and
h=g".
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Darmon—Rotger’s conjecture: rank (2,0) adjoint case

e Suppose now that f corresponds to an elliptic curve E/Q, and
h=g*. Then
Vigew = V,E @ (V,E @ ad’V,)

and L(s,f @ g @ g*) = L(E,s) - L(E,ad’V,, s).
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e Suppose now that f corresponds to an elliptic curve E/Q, and
h=g*. Then
Viges = V,E @ (V,E ® ad®V,)
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Suppose that L(E,1) =0 and has sign +1, and that L(E, ad® Vg, 1) #0.
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e Suppose now that f corresponds to an elliptic curve E/Q, and
h=g*. Then
Viges = V,E @ (V,E ® ad®V,)
and L(s,f @ g @ g*) = L(E,s) - L(E,ad’V,, s).
o Let k5 € HY(Q, V,E) be the image of k., 5(f,g,g") under the
projection
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Darmon—Rotger’s conjecture: rank (2,0) adjoint case

e Suppose now that f corresponds to an elliptic curve E/Q, and
h=g*. Then
Viges = V,E @ (V,E ® ad®V,)
and L(s,f @ g @ g*) = L(E,s) - L(E,ad’V,, s).
o Let k5 € HY(Q, V,E) be the image of k., 5(f,g,g") under the
projection
HY(Q, Vigg-) = HY(Q, V,E).

Conjecture (Darmon—Rotger, rank (2,0) adjoint case)

Suppose that L(E,1) =0 and has sign +1, and that L(E, ad® Vg, 1) #0.
Then the following are equivalent:

1 ; he C/aSSES R~ § Span a non-ti IVIa/ Subspace of Sel Q, V E .
Vs P
(2) :lHnQp S E1( @’ VPE) 2
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The rank (2,0) adjoint CM case

We consider the adjoint CM case:
e K imaginary quadratic field of discriminant prime to N in which

(p) = pF splits.
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The rank (2,0) adjoint CM case

We consider the adjoint CM case:
e K imaginary quadratic field of discriminant prime to N in which

(p) = pF splits.

o g =04 =>,¢(a)g"*, with ¢ a ray class character of K of
conductor prime of Np.

Then we have the four generalised Kato classes
Kooty Kap-1, Kga-1, kgg— € HY(Q, V,E),

where a = 9(p) and 8 = ¢(p).
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Main result

The rank (2,0) adjoint CM case

We consider the adjoint CM case:
e K imaginary quadratic field of discriminant prime to N in which

(p) = pF splits.

o g =04 =>,¢(a)g"*, with ¢ a ray class character of K of
conductor prime of Np.

Then we have the four generalised Kato classes
Kooty Kap-1, Kga-1, kgg— € HY(Q, V,E),

where a = 9(p) and 8 = ¢(p).

Note: In this case,
L(Evadovp(g)vs) = L(EK,S) ' L(E/K3X75)7
where  is the ring class character v /y7.
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Let N~ be the largest factor of N divisible only by primes inert in K.
Theorem (C.—Hsieh)
Suppose that L(E,1) = 0 and has sign +1, L(EX,1)- L(E/K,x,1) #0
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Let N~ be the largest factor of N divisible only by primes inert in K.

Theorem (C.—Hsieh)
Suppose that L(E,1) = 0 and has sign +1, L(EX,1)- L(E/K,x,1) #0,
and that:

e E[p] is absolutely irreducible as Gg-module.
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Suppose that L(E,1) = 0 and has sign +1, L(EX,1)- L(E/K,x,1) #0,
and that:

e E[p] is absolutely irreducible as Gg-module.

e N~ s the squarefree product of an odd number of primes.
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Let N~ be the largest factor of N divisible only by primes inert in K.
Theorem (C.—Hsieh)
Suppose that L(E,1) = 0 and has sign +1, L(EX,1)- L(E/K,x,1) #0,
and that:

e E[p] is absolutely irreducible as Gg-module.

e N~ s the squarefree product of an odd number of primes.

e E[p] is ramified at every prime ¢|N~.
Then ko g1 = Kg o1 = 0 and the following hold:
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Main result: rank (2,0) adjoint CM case

Let N~ be the largest factor of N divisible only by primes inert in K.
Theorem (C.—Hsieh)
Suppose that L(E,1) = 0 and has sign +1, L(EX,1)- L(E/K,x,1) #0,
and that:

e E[p] is absolutely irreducible as Gg-module.

e N~ s the squarefree product of an odd number of primes.

e E[p] is ramified at every prime ¢|N~.
Then ko g1 = Kg o1 = 0 and the following hold:

Koot 70 = dimg,Sel(Q, V,E) = 2,
dimg,Sel(Q, V,E) =2

Sel(Q, V,E) # ker(Locp)} = HKga1 #0,
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Main result: rank (2,0) adjoint CM case

Let N~ be the largest factor of N divisible only by primes inert in K.
Theorem (C.—Hsieh)
Suppose that L(E,1) = 0 and has sign +1, L(EX,1)- L(E/K,x,1) #0,
and that:

e E[p] is absolutely irreducible as Gg-module.

e N~ s the squarefree product of an odd number of primes.

e E[p] is ramified at every prime ¢|N~.
Then ko g1 = Kg o1 = 0 and the following hold:

Koot 70 = dimg,Sel(Q, V,E) = 2,
dimg,Sel(Q, V,E) =2

Sel(Q, V,E) # ker(Locp)} = HKga1 #0,

where Loc,, : Sel(Q, V,E) — HY(Qp, V,E) is the restriction map at p.
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Main result: rank (2,0) adjoint CM case

Remarks
e The condition Sel(Q, V,E) # ker(Loc,) is automatic if
#E(Q) = oo or #11(E/Q)[p™] < oc.
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Main result: rank (2,0) adjoint CM case

Remarks
e The condition Sel(Q, V,E) # ker(Loc,) is automatic if
#E(Q) = oo or #I(E/Q)[p™] < o0.
e Our proof also shows if ranky E(Q) = 2 and #III(E/Q)[p*>] < oo,
then
Ro,a—1 = IOgE(Q) P — logE(P) “Q (mOd Q;)v

where (P, Q) is any basis of E(Q) ® Q.
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Main result: rank (2,0) adjoint CM case

Remarks

e The condition Sel(Q, V,E) # ker(Loc,) is automatic if
#E(Q) = oo or #11(E/Q)[p™] < oc.

e Our proof also shows if ranky E(Q) = 2 and #III(E/Q)[p*>] < oo,
then

Ra,a—1 = IOgE(Q) <P — logE(P) : Q (mOd Q;)v

where (P, Q) is any basis of E(Q) ® Q.

e Thus K, -1 generates (over Q,) the image of the line
(PANQ:=PRQ-Q®P)

under the map A® E(Q) ® Q — E(Q) ® Q, = Sel(Q, V, E) induced
by logg.
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Construction of x, -1

o Let A:=Z,[[T]], u:=(1+p), and
T — uk_l -1, (k S Z}l)

the weight k specialization map A — @p.
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the weight k specialization map A — @p.
e g,g" € N[[q]] Hida families through the p-stabilizations g., g _::

g|T=0 = 8o, g*|T=0 :ngl

(i.e., weight 1 specializations).
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e g,g" € N[[q]] Hida families through the p-stabilizations g., g _::
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(i.e., weight 1 specializations).
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Koams = Krgg-(T) 70,
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Construction of x, -1

o Let A:=Z,[[T]], u:=(1+p), and
T — uk_l -1, (k S Z}l)

the weight k specialization map A — @p.
e g,g" € N[[q]] Hida families through the p-stabilizations g., g _::

g|T=0 = 8o, g*|T=o :g}l

(i.e., weight 1 specializations).
e By construction,
Koams = Krgg-(T) 70,

where rfgg-(T) € HY(Q, V,E @ Vigg-) is such that
”fg*(TNT:ukﬂq = AJP(Afgkgk*)

for k € Zxo.
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Koot and p-adic L-functions

e Building on Walspurger's work, in 1996 Bertolini-Darmon
constructed

0P (T) € A
interpolating square-roots of twists of L(E/K,1).
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Koot and p-adic L-functions

e Building on Walspurger's work, in 1996 Bertolini-Darmon
constructed
BD
0, (T)eA
interpolating square-roots of twists of L(E/K,1).
Theorem (C.—Hsieh)

There is a generalised Coleman power series map
Ly HY(Q, V,E® Vggo) — A

such that
Lp(kiggg-(T)) = 0,°(T). (W)
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Koot and p-adic L-functions

e Building on Walspurger's work, in 1996 Bertolini-Darmon
constructed
BD
0, (T)eA
interpolating square-roots of twists of L(E/K,1).
Theorem (C.—Hsieh)

There is a generalised Coleman power series map
Ly HY(Q, V,E® Vggo) — A

such that
Lp(kiggg-(T)) = 0,°(T). (W)

Note:
e Here A becomes the anti-cyclotomic variable for K.
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Koot and p-adic L-functions

e Building on Walspurger's work, in 1996 Bertolini-Darmon
constructed
BD
0, (T)eA
interpolating square-roots of twists of L(E/K,1).
Theorem (C.—Hsieh)

There is a generalised Coleman power series map
Ly HY(Q, V,E® Vggo) — A
such that

Lp(ripgg-(T)) = 05°(T). (&)

Note:
e Here A becomes the anti-cyclotomic variable for K.
e To prove the main result, we compute the leading term of (#) at
T =0.
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Derived p-adic heights

e By the theory of anticyclotomic derived p-adic heights, there is a
filtration

Sel(K, V,E)=SM 25 2...0800 > ... 250 =0

p = p
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Derived p-adic heights

e By the theory of anticyclotomic derived p-adic heights, there is a
filtration

Sel(K, VPE):SIgl) ) 5}()2) oL 25150 D 251500) =0

and a sequence of skew-symmetric (resp. symmetric) pairings for
even r (resp. odd r)

i) - S0 x S0 — Q,
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Derived p-adic heights

e By the theory of anticyclotomic derived p-adic heights, there is a
filtration

Sel(K, VPE):SIgl) ) 5})2) ... Qslgf) O... 251500) -0

and a sequence of skew-symmetric (resp. symmetric) pairings for
even r (resp. odd r)

i) - S0 x S0 — Q,

with hf)l) = Mazur-Tate pairing, and ker(hf,r)) = S,Srﬂ).
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Derived p-adic heights

e By the theory of anticyclotomic derived p-adic heights, there is a
filtration

Sel(K, VPE):SIgl) ) 5})2) ... Qslgf) O... 251500) -0

and a sequence of skew-symmetric (resp. symmetric) pairings for
even r (resp. odd r)

i) - S0 x S0 — Q,

with hf)l) = Mazur-Tate pairing, and ker(hf,r)) = S,Srﬂ).

)

e The T-eigenspaces of Sel(K, V,E) are isotropic for hf,l , since

WD (x7,y™) = b (x,y)™ = —h (x, y).
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Derived p-adic heights

e By the theory of anticyclotomic derived p-adic heights, there is a
filtration

Sel(K, VPE):SIgl) ) 5}&2) ... Qslgf) O... 251500) -0

and a sequence of skew-symmetric (resp. symmetric) pairings for
even r (resp. odd r)

i) - S0 x S0 — Q,

with hf,l) = Mazur-Tate pairing, and ker(hf,r)) = S,Srﬂ).

), since

e The T-eigenspaces of Sel(K, V,E) are isotropic for hf,l
hp O, y7) = b (x,y)” = = (x, ).

e This is in sharp contrast with the cyclotomic p-adic height pairing,
which should be non-degenerate.
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Leading term formula

Building on the formula
Ly(kirgg(T))) = 0,°(T) (®)

we show:
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Building on the formula
Ly(kirgg(T))) = 0,°(T) (®)

we show:

Theorem (C.—Hsieh)
Let v := ordr05P(T).
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Leading term formula

Building on the formula
Ly(kirgg(T))) = 0,°(T) (®)

we show:

Theorem (C.—Hsieh)
Let v :=ordr05P(T). Then iy o1 € s&),
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Leading term formula

Building on the formula

Lp(Frgg-(T))) = 0,°(T) (W)
we show:

Theorem (C.—Hsieh)
Let v := ord70B°(T). Then ko o1 € S5, and

T . d :
(o) = (7 ) OE2(T)

for all x € 5,(:).
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Leading term formula

Building on the formula

Lp(Frgg-(T))) = 0,°(T) (W)
we show:

Theorem (C.—Hsieh)
Let v := ord70B°(T). Then rig o1 € S5, and

d\°
(¥) . = BD .
hp (/{a,a 7X) (dT) gp (T) o logE(X)

for all x € 5,(:).

Note: For the (“underived”) cyclotomic p-adic height and first
derivatives, such formula was proved by Rubin in the mid 1990s.
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Sketch of proof of non-vanishing

e For the proof that x, -1 # 0, under our hypotheses we have:

dimg,Sel(Q, V,E) =2, dimg,Sel(Q, V,EX) =0,
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Sketch of proof of non-vanishing

e For the proof that x, -1 # 0, under our hypotheses we have:
dimg, Sel(Q, V,E) =2, dimg,Sel(Q, V,EX) =0,
and the filtration reduces to
Sel(Q, V,E) =SV = 6@ = ... =50 5 5t = ... = 5(=) =

for some r > 2.

On a conjecture of Darmon—Rotger in the adjoint CM case



Ideas from the proof

Sketch of proof of non-vanishing

e For the proof that x, -1 # 0, under our hypotheses we have:
dimg, Sel(Q, V,E) =2, dimg,Sel(Q, V,EX) =0,
and the filtration reduces to
Sel(Q, V,E) =SV = 6@ = ... =50 5 5t = ... = 5(=) =

for some r > 2.

e Skinner-Urban’s divisibility in IMC implies t < r, so the above gives

S = Sel(Q, V,E).
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Sketch of proof of non-vanishing

e For the proof that x, -1 # 0, under our hypotheses we have:
dimg, Sel(Q, V,E) =2, dimg,Sel(Q, V,EX) =0,
and the filtration reduces to
Sel(Q, V,E) =SV = 6@ = ... =50 5 5t = ... = 5(=) =

for some r > 2.

e Skinner-Urban’s divisibility in IMC implies t < r, so the above gives
S = Sel(Q, V,E).

o If Sel(Q, V,E) # ker(Loc,), the proof that i, o-1 # 0 then follows
from our generalised Rubin formula.
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Sketch of proof of non-vanishing

e For the proof that x, -1 # 0, under our hypotheses we have:
dimg, Sel(Q, V,E) =2, dimg,Sel(Q, V,EX) =0,
and the filtration reduces to

Sel(Q, V,E) =SV = 6@ = ... =50 5 5t = ... = 5(=) =

for some r > 2.

e Skinner-Urban’s divisibility in IMC implies t < r, so the above gives
S = Sel(Q, V,E).

o If Sel(Q, V,E) # ker(Loc,), the proof that i, o-1 # 0 then follows
from our generalised Rubin formula.

e The proof that k, o1 #0 = dimg,Sel(Q, V,E) = 2 is similar.
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First instance of non-vanishing: Gross's example

On a conjecture of Darmon—Rotger in the adjoint CM case



Ideas from the proof

First instance of non-vanishing: Gross's example

e The elliptic curve £E/Q with rankzE(Q) = 2 of smallest conductor:

E=389al:y>+y=x>+x>—2x.
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First instance of non-vanishing: Gross's example

e The elliptic curve E/Q with rankyzE(Q) = 2 of smallest conductor:
E=389al:y>+y=x>+x>—2x.

e Take K = Q(v/—2) and p = 11.
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e The elliptic curve E/Q with rankyzE(Q) = 2 of smallest conductor:
E=389al:y>+y=x>+x>—2x.

e Take K = Q(v/—2) and p = 11. Then:
- pis ordinary for E, and splits in K.
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First instance of non-vanishing: Gross's example

e The elliptic curve E/Q with rankyzE(Q) = 2 of smallest conductor:
E=389al:y>+y=x>+x>—2x.

e Take K = Q(v/—2) and p = 11. Then:

- pis ordinary for E, and splits in K.
- E[p] is irreducible, and ramified at N~ = 389.
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First instance of non-vanishing: Gross's example

e The elliptic curve E/Q with rankyzE(Q) = 2 of smallest conductor:
E=389al:y>+y=x>+x>—2x.

e Take K = Q(v/—2) and p = 11. Then:

- pis ordinary for E, and splits in K.
- E[p] is irreducible, and ramified at N~ = 389.
- L(EX,1) #0.
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First instance of non-vanishing: Gross's example

e The elliptic curve E/Q with rankyzE(Q) = 2 of smallest conductor:
E=389al:y>+y=x>+x>—2x.

e Take K = Q(v/—2) and p = 11. Then:
- pis ordinary for E, and splits in K.
- E[p] is irreducible, and ramified at N~ = 389.
- L(EX,1) #0.
- Can find infinitely many x with L(E/K, x,1) # 0 by Vatsal.
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First instance of non-vanishing: Gross's example

The elliptic curve E/Q with rankzE(Q) = 2 of smallest conductor:

E=389al:y>+y=x>+x>—2x.

Take K = Q(v/—2) and p = 11. Then:
- pis ordinary for E, and splits in K.
- E[p] is irreducible, and ramified at N~ = 389.
- L(EX,1) #0.
Can find infinitely many x with L(E/K, x,1) # 0 by Vatsal.

e We numerically check

BD(T) — _ 72 3 2
0,°(T)=—-T°+58T>+--- (mod (p°, T?)).
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First instance of non-vanishing: Gross's example

The elliptic curve E/Q with rankzE(Q) = 2 of smallest conductor:

E=389al:y>+y=x>+x>—2x.

Take K = Q(v/—2) and p = 11. Then:
- pis ordinary for E, and splits in K.
- E[p] is irreducible, and ramified at N~ = 389.
- L(EX,1) #0.
Can find infinitely many x with L(E/K, x,1) # 0 by Vatsal.

e We numerically check

BD(T) — _ 72 3 2
0,°(T)=—-T°+58T>+--- (mod (p°, T?)).

dimg, Sel(Q, V,E) = 2 by Bertolini-Darmon’s divisibility in IMC,
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First instance of non-vanishing: Gross's example

The elliptic curve E/Q with rankzE(Q) = 2 of smallest conductor:

E=389al:y>+y=x>+x>—2x.

Take K = Q(v/—2) and p = 11. Then:
- pis ordinary for E, and splits in K.
- E[p] is irreducible, and ramified at N~ = 389.
- L(EX,1) #0.
Can find infinitely many x with L(E/K, x,1) # 0 by Vatsal.

e We numerically check

BD(T) — _ 72 3 2
0,°(T)=—-T°+58T>+--- (mod (p°, T?)).

dimg, Sel(Q, V,E) = 2 by Bertolini-Darmon’s divisibility in IMC,
and kK, -1 # 0 by our main result.
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Gracias por vuestra atencion!
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