Quantum Gravity and Strings

Mon Repos, Corfu, 11th September 2026

ON GENERALISED DISCRETE TORSION
IN STRING THEORY

Carlo Angelanton;
(UNITO & INFN)

Based on w.i.p. with Giorgio Leone and Diego Perugini

arXiv:2609.xxxxx|

arXiv:2609.xxxxx|



WHAT IS DISCRETE TORSION?

|Vafa 1986, Vafa, Witten 1994]

In T%/Zy x Zy orbifold compactifications,

it 1s the freedom to combine independent modular orbits

It is associated to a non-trivial flat B field taking values in H2(I',U(1))

[t determines the co-homology of the associated (smooth) Calabi-Yau



A working example: T°/Zy x 7
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For instance, in the ¢g-twisted sector

, _ _
Zg = 1 1 + 9 +-€ (h + gh )
_ g 9 i
(P11, h21)g = (16,0) (P11, h21)g = (0,16)
blow up deformation

Altogether, (hlla th) — (51, 3)
e = +1

e = —1

(h117 hgl) — (3, 51)



WHAT IS
GENERALISED DISCRETE TORSION?

|Gaberdiel, Kaste 2004]

It 1s the freedom to associate a different
discrete torsion at each fixed locus

(A number is trivially modular invariant!)

1 16 [ }
:ZZ 1 + g +67;(h + gh )
' i 9 9 9 g i

Calabi-Yau 3-folds with (hi1, h12) = (51 — 34,3 4 3¢)

Hy=DH,

1=1




A SIMILAR STORY HOLDS FOR THE (> MANIFOLD

|Gaberdiel, Kaste 2004]

& — ( ) ) ) ) i ) I ) I O? O? 07 O? O? 07 O)?
/6 — ( ) ) I ) I ) ) ) I O? ]’/27 O? ()7 O? O? O)?
fy — ( ) i ) ) i ) ) I ) 1/27 O? O? 07 O? O? O)?

Generalised discrete torsion describes families of G2 manifolds with

(bo,...,b7) = (1,0,8 4+ €,47 — 0,47 — 0,8+ £,0, 1)



All this looks plausible but ...



A number is of course modular invariant,
but modular invariance is much trickier

In the twisted sector, the vacuum is dressed with twist fields
Oa5'5|0,6> and Od5'5|0,6> ]

and these states carry different charges
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The (plain) partition function does not
carry enough information

) 14+4¢"2 +4¢"2 +16(qq)V? +12g+ 12G + ... ,

ol AYL =1 -4 — 4G 116 (q )2 + 129+ 120+ ...

2
=1,

What is the twisted vacuum “1”7?

003|0, 6} , 0:03|0, 6} ,



How to overcome this problem?

Turn on chemical potentials or sit at a
special point in moduli space

The CFT becomes rational and the partition function can be
written in terms of characters which carry a lot more information

These RCFT’s can be continuously deformed via marginal
deformations, so the RCFT analysis is fully general



The SO(12) point

Start from the toroidal compactification

Z = ‘012|2 + ‘Vm‘z + |S12‘2 + |CY12‘2

the orbifold action breaks

SO(12) — SO(4) x SO(4) x SO(4)




The ground states in the twisted sectors are

Z[‘ﬂ = ‘540404 —+ ... |2 -+ |C4O4O4 -+ ... |2

Z["] = 1040485+ ... |* +|0404Cy + ... |7

[ This orbifold has only 8 (and not 16) fixed tori

per twisted sector. They carry a non-trivial
representation of the residual SO(4)3




No DT:

DT:

GDT:

The role of (generalised) discrete torsion

Z[‘ﬂ = ‘540404 —+ ... |2 -+ |C4O4O4 -+ ... |2
Z[}QL} — €1 ‘340404 -+ ... |2 -+ €9 |C4O4O4 —+ ... |2
(61762) — (_|_17 _I_l) — (h117 th)g — (870)

(61,62) — (—1, —1) —> (h117h21)g — (0,8)

(61,62) — (—|—1, —1) —> (h117h21)g — (4,4)

0'045'5 0,0>,

Jé‘&B 0,0>,

full blow up
full deformation

blow up and deformation



|C.A., Leone, Perugini 2026]

The choice of generalised discrete torsion in the g-twisted sector
destroys particle interpretation in the other twisted sectors!!

S-Z[9] = Z[] =(040451 + ...)(0404Cy....)
-+ (040404 + ... )(O4O4§4 -+ .. )

is incompatible with the structure of the h-twisted sector

Z["] = 1040485+ ... |* +|0404Cy + ... |7

0a0

0403

0003

UdUB




|C.A., Leone, Perugini 2026]

Similar results for other special points and for the G, manifold
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(by,bs) = (8,47), (16,39)

These sectors are massive
and thus do not determine
(classical) cohomology



|C.A., Leone, Perugini 2026]

Also, generalised discrete torsion is incompatible with

two-loop modular invariance and factorisation

| = 16[6,]0]6; + G] n(m)? |
_ A(’U) A(”U) v l i) TI\T A(U) 7Tz
16 01:[’2’3 +U§1;2’3 ; Zo(Q)2 d5(m;)2 g 2,2
016,016, + &) n(m) |y, |016;1006; + ¢ n(m)? | 3
T Z ZO(Q)Q 793 (7.‘.7;)2 A2,2(7Ti) ]ZO(S]))Q ! 793 (7?]')2 A2,2(7Tj)

Z#J

2
y 0[0i+5] 000545 + G + (5] n(migj)? A(Z)(W'—|— )
Zo(£2)° I3(miyg)?| 25




|C.A., Leone, Perugini 2026]

The genus-two partition function involves six

independent modular orbits which factorise as

01— Z[1](n) Z[{](m2), " (72 é)
Oy = Z[1](11) 24(12) + Z4(11) Z[1] (12) + Z4(71) Z4(T2) o
O3 — Z[1]1(11) Zr(12) + Zu(11) Z[; | (12) + Z1(11) Zh(T2)
Os — Z[1](1)Zs(m2) + Z4 (1) Z[1 | (12) + Z5(11) 24 (T2),
Os — Z Zo(11)28(12) + Zg1(T1)Zg,n(T2) ,
a,ﬁ;ﬁgéh,f

Os = Zyn(r1) | Z[1](m2) + Y Zalr) | + [ Z[1] () + Y Zalri) | Zgn(T2).
a=g,h,f a=g,h,f



|C.A., Leone, Perugini 2026]

In particular, from the factorisation

Os = Y Za(11)Z5(72) + Zg.1(11) Zg 0 (72)

o,B8=g,h,f
aF S

consistency implies
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|C.A., Leone, Perugini 2026]

Also, generalised discrete torsion is incompatible with

two-loop modular invariance and factorisation

G(gl, hl, 1; g2, hg, ]) — G(glhghl_l, hl, i/; gghlhgl, hg,j/) Two-loop modular invariance

E(gl, hi,1; g2, hg,j) = G(gl, hq, i)E(gg, hg,j) Factorisation

Combining the two conditions

€(g,9,0 f, f,7) =€(g,9,0)e(f, f,7) =1=¢€(f,9,759,f,7) =€(f,9,")e(g, £, ],

= €(f,9.7) =¢€(g, f,])



Topological deformations take value in the equivariant
cohomology of target space
[Boyle Smith, Tachikawa 2026]

These corresponds to standard discrete torsion, flat untwisted
B fields and / or Scherk-Schwarz deformations, but not the
generalised discrete torsion of Gaberdiel and Kaste

|C.A., Leone, Perugini 2026]



CONCLUSION

No generalised discrete torsion in string theory

OUTLOOK

In classical algebraic geometry it seems possible to build many
[Joyce 1998]

desingularisations of orbifolds.

Why this is not possible in String Theory?

How to implement them in String Theory?



