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Outline
· KM : Introduction i small Kinetic mixing
· KM : Swampland constraints ; stringy origin
·KM between sequestered sectors (D3 ,

localized D7)

· Small
,

calculable KM from sequestering and

(broken) SL(2 ,2) invariance



Introduction
-

Esi ~ EtrF2 + ↑(4 + 1041 + v(b) + y544

· With this freed content
,
no further dim-4 operators

can be added

=> The SM is surprisingly complete", "Self-contained".

· Even extending the field content ( = hidden sectors)
,

the options for coupling them to Isu are very limited

· Technical term for this : Portals



Mortals
· Higgs : 1PKy2 ; y = extra scalar

·Neutrino: GQ4ni 4n = extra fermion

⑨ Gange : FFBr i Fir = hiddenU()
-

-

zm

H()y = U(1)A

=> When studying M" ,
we are not doing

something exotic - we are studying
"

1/3" of

the options for low-energy discovery of new physics.



~servability of KM

[Okun '82
,
Holdom'86, .

· -- Abel/Goodsell(Zackel/Khoze/Redondo/Ringwald/
- Think of Fr F as rectors in Id rector space

VI :

2 Fi
gij
Fim i

, j =31,2)yu ,

↑
metric onspace

- SM matter => Jan = distinguished En EV
- Choose USA 11 Ein & UH + ESM

=> M decouples perfectly ,
no effect !



Observability- option (1)

There exist hidden-sector particles charged under

"the other" U(1)

=> jsm = Esi El

jn = U

If Isn # In then observability through

"Millichargedparticles" arises .



Observability- Option (2)

The other UH) is massive (by Higging or Stuckelberg)

=> Call the massive propagating field UH3
and the corresponding direction In

If Em * Esin
,

then observability arises since
since massive Ullly mediates

Interactionsbetween Jsin & JSM
.

Parametrization : -FFE-FFB2-XEFB (EFAFB)
* [Brummer/Jacheel Khoze] magnetic *



--
most interesting is the regime of all Kineic mixing

massive photon Millicharged (MCP)



Field Theoretic Expectations
-

-

· As we have seen
, experimental bounds are severe

(especially in the small-mass domain

=> Models with Very small X are most interesting

· However
,

KM is generated at the 1-loop level :

---------O
L

Vam ~ Ub E
[

=> ~ Loop Gag In (1/M)

=> Unless gange couplings tiny , expect X-OU)



-SwamplandConstraints

[Benakli/BranchinalLefforgue Marmet'20 ; Obied/Parikh'21 I

· The above problem/tension can be made sharper using
Swampland logic :

(1)Completeness : doubly-charged E-particles must exist

(2)MakGravity Conjecture :
· These I particles can not be too heavy

(m = gMp)
· Even wirse : If g > 0

,
then 1 - 0

(1 - gMp)



Waysout do certainly exist :

[Goldberg/Hall 186 , Dienes/KoldalMarch-Russell 96 ,
Arkani-Hamed/Weiner 100 ; Brummer/Jache/Khozelog ;
Garry/Pallessandro/Sandora/Sloth 18 ;
Gherghetta/Kersten/Oeive/Pospelor is .... 1

(1) A special charge conjugation : (AA) -> A-A

(2) Non-abelian embedding : 23 * Ft(<F

# needed for Yon-zeroI E result

WhileX I can be achieved in this way , it's not satisfactory .



Explicitlyetringy expectations

· "Special" C-symmetry- unknown

· non-abelian embedding - certainly possible , but not
better than in field theory

· tiny gange coupling (X-gagi) - constraints

even worse than expected

SMD-brand by swampland arguments :

hidden D-brane
X - with
-=

g - 1/R#



=> difficulty :

· In the (most promising) landscape-setting of

type IB string theory , -Gangetheories live on D-branes

· The gange coupling is set by VOLD-brane

· Hence
, go -> 0 with R + 0.

· But at R -> o the "volume modulus"

usually becomes very light => severe cosmological
constraints



SmallKM from Sequestering
·Ourclaim : Sequestering within compact Calabi-Yau

provides a more general & natural reason

for small ki than tiny gauge couplings

· Simplestsetting : Type IIB with gauge theories

on D3 or 5 branes

↑ X
points in CX

,
each with UH)



-ReIIBCalabi- Yan Orientifold :

2~-Ult X
X

UK)B
D3 D3 (or 13 or other

H localized brane stack

X1 with ga & giB)
~ OH) is possible

due to>Sequestering

Our-oal: Understand each "stringyemall X "
-

at a quantitative level



&d and new work on the subject include :

[Abel/Schofield '03 : Goodsell/Jueckee/Khozel-
Ringwald/Cicoli/Redondo 100-- 14

;

Bullimore/Conton/Witkowski 110 , Heckman/Rey'n ...

doubly chargedstate "O".

↑-H-
D3

V%
Underlyingreason : Susy 1 ? /



&GRA view :

-Ful
Be
,
22

2D3 - En + B2 + Fend

(with essentially came coefficients !

=> Cancellation between Be & C exchange

(independently ofY in buth)



~

More specific questions :

· Does the D3-D3 nule result persist beyond Lo ?

· What is the reason for the cancellation ?

Idea:
Maybe the famous SL(2,1) symmetry of
type- IB etring theory plays a role ?

Eacts:

· BzlCz form an SL(2, IR) doublet

· SL(2,2) acts on the "axio-dilator" [=
by gs -> 1/gs & C -> Co + 1

· D-branes transform but is mapped to itself)



Technicalanalysis (quadratic order)

SDBI - (/Ez - B2) 1 * (Ez - Ba

Scs -f(( + 2BxG + G1(E- Bz) + G(B=F()
- u

SL (2
, x) often missing !

Leg.

Ortin's book]

- invariant (but of key importance for us)

· At SUnRA level symm-enhanced to SL(2, IR)

· Our strategy : Make SL(2, 1) as explicit as

possible



Building on : [Bergshoeff, Ortinet al. 195 ; Morrison
;

Tseytlin ; Gaillard/Zumino'81 .... J

&CIR) - covariant objects :

F = d = () :MiS
(& Eij ,sij with =

+ C

Onlycovariant writ . Borel subgroup 13 CSL(41) :

zi = )
- + E

SgE + CoxE) i Mij = (- on



Note :
-

The Borel subgroup 33 of SL([,1R) may be
defined as the group being generated by

jap
:

mi
j

= (0 -xj
↑

not zero in SL(2, 1R)



&ulk action (SL(24) - invariant)

S > SMy
#action (not SL(2,R) - inv.; but EOMs are invariant)

-

Semi
D3

(at this level the analysis was never done

- previous results had Co = 0 and ignored

#Cani -integrate out ta (Ci)2- term on DS
.



=> OMs for C

[M d+d + my (d) + 5(3))]G" = j559A) + j555B)
- -

buck kinetic D3-localized
term mess term

=> d = [ ... j (Jt5) + j35(B)
w

expand as power series in in

(but keep al orders)



&
Diagrammaticillustration

+**
Xem

--- -Fu ....

Keytechnical observations :

(a-1 " ]j =
- +ji , miji = +])



=> unlt : (symbolically

Sep(a , ]a) - (A (A
, B) + E(Bl +...)a(]]]])

↑
6d Green's fat. um

y
= 0

· Need to build B-invariant

expression with Ja , JB
· Symmetry in A, B guaranteed
· is remains the only
rank-2invariant tensor if
&CIR) is restricted to B



=> The leading non-zero result arises when

introducing form flaxes
(since they break SL(IR)

gramatically: * ***
<EzicFz"

Dov

(Our paper provides an explicit but unwieldy
formula including (E) at 10 ·

A result is that

↓ is More strongly volume suppressed than just by
&questering . (



Parametricresult :
↓
CP-odd flux

* ~ gius , i-
↑ ↑

humeof CY(cosmology enggests
-

My = 2my = V 101

Opentheory challenge :
· 223-(T+T)

,
T-chiral superfield

· T- T+ is is a perturbatively exactshiftsymmetry

=> By gauge coupling holomorphicity ,
our result showed

vanish if susy is unbroken
,
i.. e

. for ISD flux...



Challenges (continued)-
· Is an even better understanding the B2Kz Cancellation

and the role of SL (2) possible ?

(Maybe some cancellation survives if

fluxes are ISD or SUSY ?
)

-

· For pheno ,
it is essential to extend to

fractional D3

D3
->-

↳#wrappend on local 4-cycle wol flux



Summary-
· Kinetic mixing is a key target in modern BSM physics,
both phenomenologically & in uring theory

· It appears that very explicit results for X with-

henomenologicallyinteresting values are within reach.
J

· Some challenges still have to be overcome :

- "holomorphicity/shift-symmetry / SUSY-breaking
- extension to fractional D3's/wrapped DF's .


