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Motivations



¢ In string theory models, plenty of fundamental 4d b = vel® cee oblso
aXiOﬂS ( =g ) [Reece 18]
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¢ Naturally associated with fundamental axionic strings cee  obso
[Reece 18]
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¢ More generically, fundamental strings are required by quantum gravity
principles:

%k Comp|e’[eness hypo’[hesis [Polchinski ‘03, Banks & Seiberg ’1
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¢ Completeness really justified in presence of
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¢ No adjustable couplings in quantum gravity: g = g(¢)

[Ooguri-Vafa '006]
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¢ Fundamental strings as natural probes of asymptotic field space regions

WhaT can ﬂe\/ Tell us
aboil. The EFT stvucTove ?



N =1 models and EFT strings



cee afso
¢ I'll focus on ‘fundamental’ BPS strings ind=4 N =1 EFT [Reece "18]
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¢ Warning: strong back-reaction:

* bulk vacuum destroyed
* fields possibly driven to strongly coupled regions See [Marchesano Wiesner 22]

* |R effects out of control



¢ However, strings can still have a well defined EFT description

[..., Goldberger&Wise 01,
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EFT strings

¢ Perturbative region:

' =a* +1s"
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¢ {s'} € {saxionic cone}




EFT strings

¢ Perturbative region:
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¢ {s'} € {saxionic cone}
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EFT strings

¢ Perturbative region:
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Quantum consistency?

¢ BPS strings as quantum probes of d > 5 supergravities!

Ruvavlom Covnsfs_rwca o-‘— IR SCF1,
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SCFT, conslvaivles ow bolk EFT

¢ In d=4 we cannot assume IR SCFT, Kow.e/m

[Kim-Shiu-Vafa "19]
[Lee-Weigand "19]
[Kim-Tarazi-Vafa "20]
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Quantum consistency?

¢ ... EFT strings support weakly-coupled (0,2) NLSM!

¢ EFT string completeness +  bulk+string EFT quantum consistency

[Lanza-Marchesano-LM-Valenzuela 20-21]
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EFT quantum gravity constraints!




EFT strings in UV-complete models

* 1 strings in heterotic models

* D3 on movable curves in F-theory
>

* NS5 on nef divisors in 1A and

heterotic models X
* o —
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* M5/D4 on calibrated cycles |
dual to stable 3-forms

# CS strings in IIB & heterotic T;U\g QYd viTaTional
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EFT strings probing
gauge and (curvature)” terms

[LM-Risso-Weigand 22]



¢ Bulk perturbative gauge group:

_%/(CZSZ—I—) Tr(F/\*F)—%/(C’iai—l—...) Tr(F A F)
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¢ Gauss-Bonnet and Pontryagin terms
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¢ The axionic couplings detect the presence of EFT strings:
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¢ Anomaly inflow must be cancelled by total world-sheet anomaly (Callan-Harvey '85]
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¢ Weakly-coupled (0,2) NLSM on EFT string:

2

(0,2) multiplet | # | U(1)n charge | U(1)4 charge | fermion
chiral U 1 1 0 P+
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¢ Anomaly inflow must be cancelled by total world-sheet anomaly (Callan-Harvey '85]
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¢ Weakly-coupled (0,2) NLSM on EFT string:
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(0,2) multiplet | # | U(1)x charge | U(1)4 charge | fermion
chiral U 1 1 0 P+
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¢ completness + anomaly matching QG bounds! [LM-Risso-Weigand "22]
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rank{C’ZAB ei} = total rank of gauge sector ‘coupled’ to EFT string

¢ possible stricter bound 7(e)5t < r(e)max from UV information



Examples and UV tests



Simplest example

¢ Single-field model

—%/(C’s—k...) Tr(F/\*F)—4—18/(C~’3—I—...) Tr(RA*R+...)+ ...

¢ {saxionic cone} =Ry , C5"" = Z>g
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UV test: O3/D3 models

* (s)axiov: a—l—iszC’O—l—ie_(’5

~ 3
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16 - EFT
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UV test: F-theory models PN

¢ CS'' = {movable curves Y.}

i é’iei = 62 - FX - SZZO —
sﬁfw%
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¢ Detailed world-sheet spectrum worked out in  [Lawrie, Schafer-Nameki, Weigand '16)

(0,2) multiplet | # D3/M5 modes
chiral U 1 c.0.1m.
chiral @) ng) = h?(3e, Nx_/x) embedding
chiral @ q) ng) = Kx - -Ye+g—1 | self-dual 2-form
Fermi W ngp = 8 K x 3-7 modes
Fermi A (q) nl(\Il) = hl(Ze, Ns, /x) GS fermions
Fermi A o) nl(\? ) = g GS fermions




UV test: F-theory models PN

¢ (" = {movable curves ¥}

(1) Cie' = 6% - Kx € 3Z>g
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(2) r(e) = Z rank(Gy)
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UV test: F-theory models PN

¢  (Cg"' = {movable curves ¥}

(1) Cie' = 6% - Kx € 3Z>g

n >0

¢ Example 2: Pl < X — P?

Kk 7a(el)strict — 18

max

e. 9. n=0 - G’ﬂ_= E; — ‘(‘awK=49

% r(eg)st =28 + 10n

max

e.9. n= 0 G’z = Eszx 5_72 — vauk= 26
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UV test: F-theory models PN

¢  (Cg"' = {movable curves ¥}

(1) Cie' = 6% - Kx € 3Z>g

~ =) 2
¢ Example 2: PF— X — P* | ‘
*  r(er)stUt =18 < 7(€1)max = 22

* r(e)S =928 + 100 < 1(€9)max = 34+ 121




UV test: heterotic models

¢ EFT strings:

* F1/M2

* NS5/M5 on nef divisors
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¢ 2(CY3) + bundle + bulkk NS5s ——
(1) vV

(2) k T(eFl/MQ) S 22 as \mT& 46 superclngges [Kim-Tarazi-Vafa 20]

B c.g9. T(eNS5/M5) S 34 + 12n

ds m c,ua, F—Teeor}/ WIOJel




A subftle contribution

¢ Axionic strings in 4 dimensions can support additional term ~ (Witten “96)

[Becker-Becker "99]
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¢ |t appears on EFT strings whose flow identifies a preferred 5th dimension
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A subftle contribution

Axionic strings in 4 dimensions can support additional term ~ [Witten 96|

[Becker-Becker "99]
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contributes to anomaly matching
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Conclusions

¢ EFT strings are physical probes of asymptotic field space regions

¢ Bounds on gauge and (curvature)” sectors

* Positivity of GB terms
* Upper bounds on gauge group ranks set by GB term

*  All bounds microscopically satisfied (... so far)

¢ In UV-complete models, these QG bounds may provide non-trivial
geometrical information



Future directions

¢ Bounds on matter representations?

¢ Phenomenological implications?

¢ Extension to fundamental membranes?

¢ Stlckelberg gauging of axion and 2-form symmetries?






EFT strings

¢ Perturbative region:
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¢ BPSstring flows:  Slraighl™ saxiowic Gnes 9%@207(204 193 e ={e'}
[... Greene-Shapere-Vafa-Yau "90,
Dabholkar-Gibbons-Harvey-Ruiz Ruiz 90, ... |
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EFT strings and infinite distances

[Lanza-Marchesano-LM-Valenzuela 20-21]
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UV test: F-theory models °

¢ C§"" = {movable curves Se}

) .
(1) Cie' = 6% - Kx € 3Z>g \

\

D3/MS -brave

¢ Example 11 X =P3, Xo =P cP’

= r(e)t =108, - Kx — 2 = 38

Imax

e.g. E-‘X E'—; — ‘(‘amK=34




