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Introduchon

Convenhionel view:

e newlninos pro\.n. short - J.{s'\'ahcv. f“aS\'cs
ot scale M s MGOT ~ lo" GeV

e RUD neufrino = SM sfna_le*"., wot
protected from acquiring large wass
»H My~ 3-:; (see- saw)
¢ probe New ?h:‘si'cs but w an
wdirect wey (vie coefficients of
higher- dim. operators ) |

> learn oboul scale of New Physics,
bul wot its nelure



Neutnino Pkgsi ce in extra dimension

wmodels con be guile different from
c.om_:unkond. pt'd‘uf@ t

2 natural Yo heve (inﬁuikla)
many  gherile neutrines

x« wolural %o have Light Drac

weulrinos mi\'!o.w.l" 400 ~ 60w

x mnolural Yo hove wmixing wolny
wetbout Me.nuhg (uwwnlike cCkM)

2 nedural %o have different numbers
of LMD awd RUD neulrivos

ete.



Large extra dimensions

A'DD: extra spa*id. dimensions could be
moeroscopic (& tmm) if ol SM felds
were wﬁ(-ivmd Yo oo 4D sliece ( brane’)
of o higher- dim. Space ("bulk”) |

t

LTS 3 »
a » * hrave World
‘ —

ys e usuolly compact

smﬁlrm?; (S‘, s’/ Zq .. )

. o!l porheles “"3"‘3 QM chavges
ore confined ‘o brawe

. qrevity Lives in bulk

> weokness of gqravily is congequence
of volume Suppression

.
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RHD neulnwnos



» TPlanck scale is derived , effechve

4D porometer:
M; T M‘:: " V,,
/7‘ N compact volume
fundomental |
scale of qraviy

» wodificaton of Newton's law ot
scales ¢ Ry

J‘R,. < 1 mm possible

e wonl M, ~ TeV Yo eliminale

Wievrorch voblem  ( qravity ~ weak
evovchy P qrav !-3 mte N

ns 1 excluded

nzl: R,~1 mm !

n>2:  com have some Rn lerge

s
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% stenle Pcr\‘l'cle (sM s\'_nald ) is hoi-
confined to brave ord thus Lives in
bulk :

RUD neutrine < bulk fermion

( Arkani- Waned et al.)

(Dieves et al.)
% Cown “%\A“C‘S :

o coupling to SM neulnino is Suppressed
by sowe volume foctor os qravit.
coupling:
M,

» ML o~ U o Like see-seu
w v

o bulk fermion has Woluiza - Klein
excitations with spocings
L -3
A o 2w ) 15 >

s mixing with SH neuwirinog !

e buk weulrine wore like gravitom
Yran Lke o 2H fermion



SRR

Co_v_\ore\e_ moclel: (Dvelr, Smirnov)

. ossume Mu~ 1TV ond n32 but
one dimension (size R) wmuch lovger

Nan others
° mupl'\' L) of bulk states fo SM l\ed'h'ho
qives Divec mass form:

mg = hV Ms L k. 6-lo'_se.V

t
o) Yulkeawa coupling

« KW Divec masses: m, = ;;- » mn
o 4 aaonau'tc mass Wakou

Ny . .

v pn&oumuls tenle

*‘.

}.. m”e\'
- | dominantly ¥
-pre OMI\NEGWN 3
3 wloS ey « ¢

° ?



‘ !
» v, e~ YN o+ 3 = VW
€ d g n%! " n

comerewt superposibion of mass eigenstates
with incressing mass ond d.echGSl.uJ

wizing where

t= N "-'-:‘-? < \
x explain Solar neulnnos w terns of
- Ng = g where g s (Pcedouiuuﬂa)
e Lrst excited bulk mode :
D = A &~ (hep). !a*é e\l"“
R‘&
» R ~(006-01) mm y

anl2e = hE ~ (03-15)- 10>

w requires Swall miving awgle
soluton !



cesonance CoMversion th Sun (MSW):

X
E,, < 0.42 MeVY
Ef ~ Oh-08 MeV r ©
~ EBe = 0.8¢§ MeV
B, ~ \6-32 HeV .
E:‘ o 36 -Fl HeVv
EN = n* EV
» chavacterighe modulahon of survvel

0S

Proh‘ilﬂn as funchon of E,
?

3 2
hete 0 . ST 0
ﬂﬂ ‘-' . -3
i o’ s.n‘ze = &-lo

s \ (onvewl\'ono.l
MSW

5 €y [Mev]

1
conversion inte bull steles



x b mi}d’gﬁops{

o difficult to explain more Hhow owe
neudnno u\onnl:‘ o same hwe
(Hohapd'm. et ol.)

o conshroints from wmiversalily

o how sevevre
(Das, Korg)

r(nag)
P(x = pv)




RSG:

= Biefttc\3 explained by )
on our brawe: 9., ~ e

Warped extro dimewsions

extra  dimemsion of few x ‘E’lm:k
size (smoll), but non-foctonzeble

qeomelry

ds* = € thYs Yo dx"dy’ - dyg
Planck brawne our bujo.
T 8/z,
ls-lctile newinivog m"‘h*mm
of S* dim.

wesidene

RPN N O U e AN PN

35"0 ss = R Rs

kR R
Mn
i KRg~ 12

{ curveture,

nduced wetric.

= 2.. ..!o’

L



5> no velume suppression for gravitons,
o My~ Mg {uulmet\h.\ | auv;ﬁ scole

¢ 3
How %o 3@% cwoll neulring wmasses o
( Grossmon + MN)

* RS braves = domain wells and cenw
support fermion zero modes

T, symwetry: - no LHD zero mode

-« RWD wero wode l.ocah‘ %«l
on Planck brane 4

2
] ‘
; o
J l‘- %
g Ny 'S .
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Consequences:
» Lightest stele gqels Direc mass

M. L
(v ) kK 2
M v Hgﬂ pommkl’ f

» oqeneralited See-sow reloahion

o et me~ 0 -10aV for Fori-tS

2 infinite Jover of mauive weutnweg
with level s‘uc;na AOm ~ TeV

Y } o~ TeV L Pndom;nchus 55‘;&;.@

¥y |

Vv, ‘
predominantly Ve

5 .ous\'k'm{ /




Minimal model :  (Grassman « MN)

e 1 bulk fermions — 2RHD 1ero modes

o Yelds:
| o L -1
e } st~ 9 (i)
. |
My, tuperlight | 2320

vy u&\& } Am:ﬁ" v ('-:.p)
w welurelly large hicvarchy v
Mi!ihﬂ walvix:  no small parameter

B W \\icurdns (unlike CkM) !

o pre ters LMA solar Soluhion
o Likes lu%e e&hosl:\tn'e Y ng
. m.\'\urdla pnl\'d-s Lavqe (mex.\ Cf

B o gtee& SCenovIo -[or N -fu:!w'g !

b



Turther predichons: ToV - scale  stotes
/
= 60, ¥, *+ ...
T
li'a\\‘ stele

Ve

| L ] L ] . Y
x ivisible Z width:
. » 2
3-N% o sin'e, + sin'9, + Sin'Op
e 0.01S % 0.008

= 16,1 ¢ o.\

x uhivcfsulih : in
2
Plx-> ev) . w33 | o-'a cos. :e
PR~ rv‘ WS~ O

« (L230 £ 0.004)- lo"'

2 Simlor bound



x  ‘heovy:

9; ~ @\ ackural, Lot gsm'n be

much emaoller

¢

expect ‘o see deviahoms ot level
rot Wuch below cuveent
sems‘\\-ivil-‘ !
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Conclusions

* exhra. dimension models ore full of
surprises —» shous our ignovance
obout physics beyond weak scole

*+ neutrino physics in exra dim. models
can be very different from convewhiowal

Lore

RUD neutnro Probes b"‘-“ﬁ?"""d‘l‘

» models make predichons that cam
be tested ot < foclory and ofher
collider experiments -

4
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Qo Qx.pl@we Me brave world ...
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