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Susy. Gauge Theory

encoded In algebraic curve @

A-period B-period

}

}

Mirror Map Ta(z) ~ c1z + 22+ ...  Free energy relating to
redefining the variables BPS indices

not well studied well studied



Susy. Gauge Theory

encoded In algebraic curve @

A-period We need this to obtain

}

physical guntities and
reach important results.

Mirror Map Ta(z) ~ c1z + caz + ...
redefining the variables

not well studied



ABJM theory (U(N)k x U(N)«)

[Aharony-Bergman-Jafferis-Maldacena 2008]
(see also Moriyama, Kubo, Furukawa’s slides&Poster)

encoded In local P x Prwith quantization
j (@1/2 Jr@—1/2) (ﬁl/z +ﬁ—1/2) OP = PO

[Ta(2) oo 114(2,R)

(9=¢")

Quantum Mirror Map



ABJM theory (U(N)k x U(N)«)

[Aharony-Bergman-Jafferis-Maldacena 2008]
(see also Moriyama, Kubo, Furukawa’s slides&Poster)

encoded In local P x Prwith quantization
j (@1/2 Jr@—1/2) (ﬁl/z +]3—1/2) OP = PO

‘ generalization

U(N)k x U(N)-«k x U(N)k x U(N)-« (1,1,1,1) model

j [(Q1/2 _|_Q—1/2> (P1/2 —|—P_1/2)}2
[Honda, Moriyama, 2014]



ABJM theory (U(N)k x U(N)«)

[Aharony-Bergman-Jafferis-Maldacena 2008]
(see also Moriyama, Kubo, Furukawa’s slides&Poster)

encoded In local P x Prwith quantization
j (@1/2 Jr@—1/2) (ﬁ1/2 +ﬁ—1/2) Q\ﬁ _ qﬁ@

Ar (SU(2)) sym.
‘ generalization

U(N)k x U(N)-«k x U(N)k x U(N)-« (1,1,1,1) model

j [(Q1/2+Q_1/2) (P1/2+P_1/2)}2 .
Ds (SO(10)) sym. — [SU(2)] sym.

We study Ds Del Pezzo



Result
A-period 1s similar to B-period

@ cxpressed by Weyl characters

@ coef. of characters = Integer

® has same reps. as those in B-period



Plan

D @ cxpressed by Weyl characters

@ coef. of characters = Integer

@

® has same reps. as those in B-period



D5 Del PeZZO geOmetl’y Kubo-Moriyama-Nosaka(2018)
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D5 Del PeZZO geOmetl’y Kubo-Moriyama-Nosaka(2018)
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e 8 asymptotic values
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# 5 parameters (617 €3, €5, El? BQ)
(h1 = qhi, ho = q_th)



Quantum mirror map

2
[ (2 ) ~ log)P([X]dX —Ea 1o ( EQ A2> 2
PIX] = \DEE[}?] OU[X] = XU[X] Z : Z W[X] =0

solve Schrodinger eq. order by order

AQ B €3 El | Eleg | €3€5 | €3€5 | 6%65 | €3 | €3 | €3€;5 | €3€;5
a2t er er er B2 mhE hhe he heer  ha o hae
_ ]

10 terms

invariant under Weyl transf. character 77

X10(€7;_1jl_1) x10(€i, hi) ?



Weyl character

AQ €3 hl | h1€3 | €3€5 | €3€5 | 6%65 3 €3 | €3 y €3€;5 | €3€;5
1 | | | — 9 T _o9 T — o5 T = _— | — _—
a*¢gt  e1 e e ho  hih, hih, h2 haer  ha  hae

(81’ 52553, 54 85) aCt on (617 €3, €5, h17 h27 CV) Egg;gl(;gaga_
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Weyl character

AQ €3 El | Eleg y €3€5 | €3€5 | 6%65 | €3 | €3 y €3€5 | €3€5
— | | I o5 T T o5 T = T = — =
N €1 h; hlhg hlhg ho  hoey ho hoeq
. L bo-Mori -
(317 52,53, 54; 35) act on (61, €3, €5, hl, hg, Oé) Egszkaé%%r?a

acting only 5 parameters
generate Ds Weyl group

role of (¢ 77



Weyl character

AQ €3 | hl 3 h1€3 y €3€5 €3€5 | 6%65 €3 €3 €3€;5 €3€;5

| | | N |
-1 l I | |

Oé2q €1 €1 €1 E; | Elﬁg | Elﬁg | EQ 5261 | EQ | 5261

(81’ 52553, 54 85) aCt on (617 €3, €5, h17 h27 Oé) Ilill;:zl_(z/l(;gaga_
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Plan

D @ cxpressed by Weyl characters

@ coef. of characters = Integer

@

® has same reps. as those in B-period



Multi-covering & BPS

I14 (Z,ﬁ) ~ (—1)l+1AlZ_l
[=1

423 Sxsat Dxas + =
19 5Xse T oxas T 51wy simpler structure ?

fractional

A-period for A1 geometry has multi-covering structure
[Hatsuda-Marino-Moriyama-Okuyama(201 3)]

multi-covering structure

(coef. of n-th order) = 2 (coef. of j-th order)

J=n



Multi-covering & BPS

M4 (z,h) =: log zer — log 2

—) logz~ —Arzgt + (Ap — A2) 2 - <A3 — 34,45 + gA?) Zoit

8
+ <A4 —2A2 —4A; A5 —8A% A, — §A;1> 2t
A1 =0
Az = x10

Az = (q1/2 + q_1/2)X16
3X54 + 9Xa5 + 11x1

A= (F+q ) xa+ (q3/2 + q_3/2) (Ya5 + 3x1) +

- 2

still fractional



Multi-covering & BPS

M4 (z,h) =: log zer — log 2

# lOgZ ~ —Alze_ﬂ} -+ (AQ A2 KAg — 3A1A2 -+ 3A3 ’

+ (A4 — 242 — 4A A3 — 8A2 A, — ?4;1) vt

= e1(q, e, h;)
: = —e2(q, €, i) El(qz’;?’h?) multi-covering
= es(q,ei ) €1 (¢ ,363 hi) structure

= —ea(q, €5, i) €2<q2»26?»7%?> (e Zf,hf})

e1 =0, —e2 = Xx10,

Integer |
€3 = (q1/2 + q_m) X16 >, —€2 = (> + ¢ ) x1 + (¢ +q") (xas + 3x1) + 4xa



Multi-covering & BPS

M4 (z,h) =: log zer — log 2

) —1\"¢, n7 ;17B:L
- 1ngwz(z< )6”(5 : ))zefé
[=1

n|l

e = 0,
&2 = Y10, multi-covering structure

1

1 _ 1
es = (92 + 9 2)xas,
—e4 = (*+q Hxa + (¢+q xas +3x1) + 4x1,

=) (1,1,1,1) has multi covering structure



Multi-covering &

BPS

[Moriyama-Nosaka-Yano(2017)]

d| (ju.gr) | BPS (=1)41 lel ( e Jq) 4 4 | representations
1| (0;0) | 16 841+ 8_1 16
2 (0,2 | 10 1218 11 5 [10]
31 (0,1) 16 811 8,
L] (0,%) 1 Lo 1]
(0,3) | 15 8.y 4+ 20, + 8, 15
_ <§_,z» 1 1q | 1]
€1 — O,
—€2 = X10;
1 1
€3 = (2 + 4 2)X1e;
—e2 = (" + ¢ )xa + (g + g ") (xas + 3x1) + 4x1, B-period

same reps. as B-period in same degree



Summary
A-period 1s similar to B-period

@ cxpressed by Weyl characters

@ coef. of characters = Integer

® has same reps. as those in B-period



Future work

Q. why same structure ?

Q. what happen when use SU(2) character ?

Q. what meaning of @ ?



before using SU(Z2) character

(SIEN
Nl\l

~2)(x560 + 4X144 + 13X16)
)(X720 + 4X560 + IX144 + 25X16) + (q% + q_%)(3X560 + 8X144 + 27x16)
~2)(x720 + 3x560 + 9X144 + 27X186),

_3

after using SU(2) character

€7 = X11X16 + X2 (X144 + 3Xx16) + X1 (X560 + 3X144 + 9X16)
- X3 (X720 + 3X560 + DX144 + 12X16) + X3 (—X720 — X560 — X144 + 2X16)
X1 (X720 + X144),

Xn SU(2) character

much simpler for g-dependent term & coef.
but negative coef,



Future work

Q. why same structure ?

Q. Wwhat about SU(2) character 7

Q. what meaning of @ ?



Summary
A-period 1s similar to B-period

@ cxpressed by Weyl characters

@ coef. of characters = Integer

® has same reps. as those in B-period



without overall minus sign do not appear

ea=("+q ) x1+ (g+q ") (xas + 3x1) + X45 + 3X1)

with overall minus sign
—€4 = (C]2 + C.I_Z)Xl + (g + Q_l)(X45 +3x1) + 4x1

'3) 1 Lo 1
,5) | 45 842 + 299 + 8_5 45
2) |1 1o 1

multi-covering structure

(coef. of n-th order) = 2 (coef. of j-th order)

J=nN



® (617637657}_l17ﬁ2) — (1, 1, 1,q,q_1) (2,2) mOdel
= (¢ %.¢"%. ¢, ¢.¢7") (1,1.1.1) model

p=1logz, e = logzen
(effective) chemical pot.
= log [ (effective) complex modulus ]

Z(z) = 3 2N Zk(N) = Det {1+ 27",
N=0

Partition fn. of N MZ2-branes



Figure 3: The Dynkin diagram of the D5 algebra.

from [Kubo,Moriyama,Nosaka(2018)]




