W)
J uh 0 %s olumijD@.

Sﬂfﬂ Gﬂ)melm. Amphmde; /8
a Slrmrtcur fo , iemann
({ Mrmal Cbrdimff}

ol

. colaborion it s Cabllos Mmu fiie.
1



e [ (LZL

“fop Down.”

'ﬂmjk‘l*ﬂfm rhmg

W i Xﬁ

pt



" 50110[([ UP“ Bulll‘ a U)wefcif highu dimensional operalors &;prea,saib‘lj the é‘//’a/er a/e'r/%

Vot Ml [ o0

" r;Nilson Coeffic
)
Kmm i .Csn t % %i@, Qe Z’al;q',

Scale 9f neu phJsics ~ K« Operators % Sﬂ ﬂeUs

ol)eg S0(3)e x V). xUM)y



T T Tk
K %U&Siﬂﬂ on the Sm‘at Sccwr'

« | psod ini x O ~
Gstodal 5 omary it QUL x OUe ~ OF)
e | o

1{=1(¢,+;¢1) - 5|
ﬁ, ¢¢,+i¢3 D3
\@«/

' GWmL Sjmmergt recover focal, s\(jmmcr ollo}n

[T{Alonso, [ Jenkins b b Jonohar 1600, 03602,




Scalar [agranJian n (mus:aD / oo’ o two deiuntives;:

[: Q,Lﬂa Gub (2 Quﬂb + V(ﬂ\ + (h‘uﬂher dervatives)

whee Uian () < H(%-éa)%sm B(ﬁj\g )M
r

9 / .

11’019_:? +aa.(_g‘_?_)l+... bn"’bz M +b3 M
N A X A



Md /liede}iniﬁorg which l(’,(wt }\mp,nudes I_nuaﬂantz

> F55°  wh FU0-8"
L_V/-’
T{eal analﬂtic ﬁ;ndcion 3( .

w In ﬁencral, F®(X) Ay indude derintive couphrﬂs.

L 5% ot in his talk.
[ A Manchar ; hep-ph/ 1804,05863]
o



Gcome,mc SMEFT

. Gab (@) i3 a mewic tensor

r [maaui%ﬂ'GmM) J0°
Guw(@) = dg¢ G (@) g /

% 9’ | QB P Gaoid) 3 F'5°
: D,nﬂa frangjorms as a taye/zt vector ﬁdd: / 00" N a°
Qe 3 ot - 1 3G (3) 9'5°.
o° /

.

i€ We can trenk the ‘ﬂclis /fdmeﬂfcaﬁ '{ivirﬁ on thesmfauf a %// Space man;, oé/.

(L. Rlyarez- Goume, 1) 2. freedman and S. Mukhi; F\mals.’Ph‘,s. 143 (1331) 85)

['Ii. Alonso, E. Jenkins and A. Manohar : 1605. 036021 < Geommj lJacalars in HeeT
(. Hetset., A. Mactia, M. Torr - 2001, 014531 +— GeoSHEFT



SMEHS In, pictures:

E/s“jmnp,tﬂCU.X\S
) o M
..... A
/ ...... "'l
Lvacuum
() SMeFls

_ s
ﬁj ke il models v 7T )

W
::::Z::II.‘;'I:Z::::: @’
[T{ .Alon.so, E Jenlﬁns, H Hanohaﬁ h ng

1602.00706]

egGJ

mposite. Fiaas
modals ﬂ{jﬂ



SHEHS in pictures:

e mmet(iC 0LXiS
) S :5
- ¥ @0
T
|
s o
() SMEFTs
e gy @B
[‘Y Honsa, E-Jenkins, P Hurohar i
Lm0 | 7



@ ﬂfﬂa that, arenz JEFTs ¢ Non- ljncur ]Lm'ﬁj
/
(exclusive)

oee ey
Larxiv: 2109.13290;

X Hlonso \ HW]
[ or)iv: 2008.08597; T Ghen,
. Cai .X.Lu,v. Sutherond ]

[ A-folkowski, R, Rottozz:

,.l, 1902, 064361




OQS\'ICJL ﬁmpliludfj in f,ﬂh (;—ncm tjmif (Ecx > Mo, i, e ).

s - 0
_— — EVﬂ‘UﬂtC at vacvum
\A S fi(amr + t/{mcns +URIlB)4

o o, | C O, A ). Dora-Huciez 201, 130451

A15112132415 = Vi3Ri1i4i2i5 Sus + vi4Ri1i3i2i5 S35 + Vi4Ri1i2i3i5 Sos
I VisRi1i3i2i4s34 4 VisRi1i27l3i4 (S . 845)
81 (R isisiag, | Rji5i6i4845)
123
L 1(1)_8 (Ri1i3’i2j (312 _ %8123) 1 R%122233 (813 _ %3123)) (Rji6i5i4 | Rji5i6i4)
| %Rilieiszj’izhuslg x %Vievi5Ri1i2i3i4813 + perm .

Ai1i2i3i4
4

A1611213z42516 —_ _ ’%2 (angzzjslz aE Rzlzzz3gs )



eoe  besrbogs’ uﬁ)r compuﬁngamphrud@' o] inertial. normol coordnate” gamc
[T, Coben, Crmﬁ X, 1), Sutherand :
08. 03240

/|{cach a jeneric Point b} Kﬂowiv:j o lmiﬁae 8@odesic Krom 0

@;a 1 rzﬂéaeo(?\ﬂ dﬂgeo d@o =(,

,\ d A di
k /l/ormal coord inae talye/zt 60 3eode&c
(0) 0 @bcoﬁ\ ﬁ TE (1@;9_0(0)
dA
barmeans evaluate at 0
5

OR ﬂa "ﬂﬁm‘ﬂ 1 ZZ', (br...ba) T"...!lb" .10

S =



]}lj % o s



1 // j’?mzfcstg {:JA— Space C)\/wimt?

Gab (’U‘ gab A FP;“fjb rms . iVu—Qaij‘b ‘WT
50 i1 o R -

[ Hatziikitas;; hep-th /0001073 1.
[/kimﬁc 3 QMF Gabuv 9”’(’.



L // M 3)-pomt vertex

\




5// Each En]nman é<1mph has dinct éﬂmt(cj with ks et o exth propugator
denominditor on- Sl
- VCfIiCC3 nvariant (mdﬁf P, ddnrmaﬁ()n& Oj ermlal 3 .Sé( /[ k i
Mandlestams unchanged. 1‘6 {f P

[ T. Coben, A (g, Xl and 1) Subedond: 2108, 032401

/pr’c: ’Iﬁ« + 21 % <

— Ejpc 1 partides ¢
— the Lpusticles /j@ /
O3 Ot Sll 5-,J = (P‘*er
Ol Suk = (s fPJfPlJ'.

= M cacelasions betueen diaaramc} W



C
n-
0

p-
ﬂs&o(ﬂ‘ ’la Z.ol
N, !
0 (b...bn) !lb'
rlb

/ ewsese !

Zlo b -~ I
.o " L
= 9c
b
(X bﬂ n
ZJ C
b'
b
| C | I Peoo b
-1 X b
fl---b

ra
ZGM@ DcG
o (0) + 9
o (i (91 - 0
bc(lZ)))

where

X‘ ]



(
ok S

1o



1%1 + oce

S 6d+1
3 an(mOa OJ
= OU,CSd Td | t?llilti-
| )
) P J&JF(O)(OO) (00
ac 600\ 1 kOJ
+— Kei. K~
5 JJ?(O) OTCC Ofd 0‘ 0 ’l ’L
K f['l t.. J

é

En
an J4) i mopic fe.
IC Ten3or




Isorropic Tf:lrlsor f/)UST be consmted ﬁnm:

6J AND EJk

: é
Kronduph Lzui-Ciuita

) T)eiLe ) o I\e O . '

13



?%m,m T ged th

—

/’iwj\b =-‘I (X%MSIJ u 6858&*’ Kgabg‘l) J SSmmemxed

I Ohew S'Jmmerr;[ T{tw‘)JWRai(J'bVO = o=0.
Ly Intcrchvﬂc Ssmmma'l (I{ai\jb - R joi B--Y,

Ka(jj\b = 3( &SSib . SabSJ) J sSmmewi&ed



f%mann TC’”SM 1! l;d Qﬂt

—

”{mj,b { 084600 Touly e
I Ohew Sammurjy T{tw)Jb=Rm(Jb)=O = «=0.
Zy Imcrcmgc 3Jmma21 /’{“‘Jbs ijai = B--Y.

j{a(jj\b = [3( &SSib - &b%) J SJmmerfised 0



¢
ab (IP
- Ow
: R,
.
.
iib rw
5

t
ai.b 8
I
ai.C

- Oab
va
Cin-/
i
iinb
o
i O
n-1)
in ’l
W rl

I:
=]
_Afn-ll



Bmlkiﬁ thesjmmerg (i Hogess...
Symmmic(Phase

~ ——/|7amUd Transport the R\C to the
................................. _ Bmkcn?hase vacyom

®e
.
e
®e
oooooooooooooooooooooo

— The vector % mcﬁ the same
l\cbmmj point to congroct

TC.
ﬂ{e —establish, the normal. coordinate

-~ r/%/t arrsmy(ﬁj



Tir\)c in the [ircrutorez

¢ Guariwu: e"Pch:ivc Oetions m Nonso and M= 2207020501,
Voo el e gy (2 L o, Gy

). Hoslehner and A Weiler: 2503, 095

[B . A&Si, N, Helse, 1. Munohar, J. Voot
C-H. Shcn: 7,303.05183‘]

. ﬂnitanrg B"""AD 81 [T Coln, A i, X o ). Soood: 2108032401,
o (reomeric &jr theoranj [C Cﬁcur(rﬂ, N Helset andJ. Pova-Hactinez- 201, 03045,



Summnﬁ x Erurc/lyroopacrj
1) Gcomwg is @ neak waﬁ to encapsulate ﬁdd- redefinition imariance 0N - Stk
Y /I{icmanu formal, coordinazc5 motivated. 0 "9ood" choice g} field-smce basis.

) Hiemann normal coordinates easier with s‘l}mvnelrg~ Avo:d-n the Chnsroﬁ%

Tn the ﬁmm this maths could be ysed elscwhee.:
ny Gaugc Sinmeriey /
by O ther Sroups maﬁ houe similor tﬁd&?



Summnﬁ x Emm/lyroomj
1) Gcommg iS @ neak “’"ﬁ to encapsulate fdd- redefinition imariance 0N - Stk
Y fl%cmanu formal, coordinatcs motivated. 0 "aood" choice g} field-smae basis.

3 Hiemann normal coordinates easier with 33mmcrr&! Avoidinﬂ the Christoﬁ%...

Tn the ﬂwm this maths could be ysed elscwhee.:
ny Gaujc sgmmemej ! Thank \{Oul
by () ther 8roups maﬁ hase sindor trick ¢



T)erivan'ue EJd /‘{edzﬁmﬁotb

Ju. Bodle Geamery L - R, 1 Brvio e . Dihi; 2308. 00071

Geom‘j- [inematies (Dual’ug~ LC. Chwrﬁ, N Heset and J. P - Hatines;
202.06972.1

Tesiond. Gcomm;t [ T, Coben, ¥, b and. Z. Hany; 10,1578
’ Non- |oca1 f.eM ndcﬁnitim§
LT. Cahen, M ‘Torslun(\. A Hdsdc s LA ]



o

(3[=19,.¢9'1@-1m1z‘—1 Mt @) Fpon-ma- 1 A
l l H J

E,Mwons f \M Otim(j /ﬂi c/as&'ca/ equaﬁoruf mation. E[QJ = Q0

consider o ;Vidd edubinition with @ g + €]

Ligr- Lo+ e ko1 6308 + e

of
L1+ €O+ 0y wiee Op-Figa - 6

o
e aspecial case y/ a /a{z/ mz/g/‘m‘//o/z [ . Monghar ; hep-ph/ 1804.058631



T{l‘\)c U1 the bro‘xcn phase." F?J_ -\t F (h) F,“l) 33‘((?) r':J F{hh)) 8 J

rjk ﬂ,igju((?)

ZZ r?‘hk’-’ Dkrh rknr rkl o " rJa

gk [ Dh rj [ orXiv: 2008.08597; 1. ohen,
- Fk. [ oK r‘f) ﬂﬂ"b {_.th_ab NGa:" X Lu, 1). Sutherlend ]
r [ 9" r rhl rba ho. lb]

- rkh [D r3 r TU rrﬂr ]

= -y (Fim'" +F (I Fn) 9»\95 () + (RS G101 Sj 3num

- ‘ﬁgu(q’l |- (F(AY +F*(h)F(RY) jw(‘?) - F 'lhf(ﬁi"gmjuep 83’ gmlw)

+...






Bmlkiﬁ thesjmmerg (it Hoyess...
Symmmic(Phase

~ ——/|7amUd Transport the R\C to the
................................. _ Bmkcn?hase vacyom

®e
.
e
®e
oooooooooooooooooooooo

— The vector % mcﬁ the same
l\cbmmj point to congroct

TC.
ﬂ{e —establish, the normal. coordinate

-~ r/%/t arrsmy(ﬁj



€ 9
TLQ 1/\[[013 wacj to do fh'@‘. —» 4oose all orders resylt

() Canonicauise s
Bmak the Symmerry

apfl Gaelrlﬁ ° - 9,.? Gms(flﬂn Qr(
= pll Ea (0] Gm(rlfwebma“i‘l"
L’ ticlbeins
Whee O = Cat) GratnEbr) does the cammiealisation.

[ C. Cﬁcur(tﬂ, H Hdset and J.'Parra-ﬂaffinw Il 03045,



® ’%-[smeusu {ie R - / 0\ —_—

Qa ra
10N | yacoum = b,.. bn

a
+ rbl «- bn) Dt lrﬁ&fomd. \rbm

reStored.

o
! rb. bn, bni b lmfocd me‘ U—bnn ‘.4.
2



Grap - Sab ¢ 1 ¢ Rsito e

(aqc ) e tw) Gco(flwleﬁm ( ?ji)
& Pl

\6«1 (r/{xdﬁ +1l‘"¢. w1 O a+é|"(..)w(r 8 )
(ﬁ./.m-zss*m.wu .

c AY -1 . PR .
"Cc(\n{ 5c0+%C'R.£‘ijo (\r‘-m -1Zf"-..;,,\r ohg - )(\r°+ o ‘%Fj-jt,er’J'U“f--- )+...Jeﬁw)

- (F%\OO'E'B 1I'“(. RN 8,,4-1 r(..,wa 6“ )
6
(lx"/{s)(f 0"5&‘1r"s"f0' G"sb ‘. ) *J






J

‘Uﬂumﬂg we abcaajz fnow the ansuer:
v C"b " 8"” * %R‘ljb otod + %VKRajb fkaiaj+...

new KNC ox brofen
&) we ool congiruct the new merric via a Taﬁlor senf> phase

W
do"- g™

. el (... eI.',', (rl)cﬂlrl)csu(rva__ﬁ__q_ﬂa( )
Brd\cn 9!]1 9’[1" Broken
Ne don't know this @ broken 8o
. tokea fa:jlorcxpansmn.
- L7 trp .eL "l) e?trt)csbul;l a__Q__Qn as( ()}
9 ’ll'." p ’lt..
¢ 9" Gael 0) 0 | Biden

B'[L fa'l'lm.




. eif,ul)...eﬂul)ef,'ul;cﬁ(,l,.a'"ﬁna(Q) ¢ 0 Grel 0) ﬁ‘“‘*LJBm!«m
. | 9yf!..9|f' 911'...9'[1""
= 6-![1,(1[)... QE(T eﬁu[)cg(rlj LI, ...81...~.1n-3 RAL...L.B + .. ]

Bmkw

L Y
e-..(vv&.-hewl) Roker > and >0

= €f:(rl) GLL( )QE:(’L) lBrd(cn

=C%.'l ) a_f)i GLI:.( ) 9_11_116%3 ) I
P i ot Riroken

~

L . I .
= €l ]Gf:].a.(vai:l ) = 8:1[: GLh(V) Iiz..

Drdﬁm




So n- poink E;Jnman rule iq

W
90" g™

Broi\cn
Cin-ure Giuiz (V) Gisiq... Gin-g,in-')_ ( Guin-.lu\ Ginb (v) - Gabl\ﬂ Gin-.'m(lll)

A
+ C C N2 Glm. (V) Gl&h Gm -11n ( Gﬂ(nn‘m Gln.nb (V) - Gabllf) Glm mn(U])
A" X U-"Ii-l V"""




K/{duﬁon toot\lwsawq / Gcnmcibosb.



(!
. 1
ng

3
RNC
\[l.pom = :ll__ Z‘ 8“.0.0(01. 60‘030“1«... 80(an-.0(nn C(l\-l)lz
-0 4,..,n) A

I[0Q,..., 00] x[ Z(Pa.'Pa-.f pu-Paui-..-i-Pan--'Pan) ]
+pr+ P}f...+p§)



by o o

s M;t ey

V (reneric

A Z Oxa, s, Otastan .. Ottomeaa | 1
0 0,...n) A
[0, ..., 0] Qin-2)2 - bin-1r. [ Z( D¢ Daa + p;, Dot ..+ Pan-e P“"
P+ Pit.+pR)
- Qn-n1ra + b(n-llh.)[ (P + wpﬂ} J
:i“:omt = —i_ Z O e s Ot ar .. O tlaine Cinirz
- ,..,n) e

2[0.,..., 0] x[ Z(Pa.'[)aﬂ plgopa..i-...fpan-npan) ]
P+ Pif...i-p})



s G

- Lpa pan Das+ Db+ ..+ P+ Doa
1 (p.‘f Pi+...+p.?)

- (a|_b') ‘)‘ + (Qitb)

Ci (0,- b

= P.‘+p:.+...+P:




opt

Ca >( + \| (a-b) (atby)
+ * (az' bl)

_l_ i Il (al" bl\l

.l— % (ﬂu bl)




. .
.
., .
......
ooooooooo
........
.............................................

ooooooooooooooooooooo
oooooooooooooooooooooooooooooo
o* .,
. .

.
.
.
.
e
ooooo
ooooooooooooooooo
.............
---------------------



ijmmeh} point R}emam/ﬁnsorf{uko



O ’) (’3 V' _K_’aizisb Qi')@‘t Qis
da. Cfi\latjus

b

euen #‘Z}mhies

Gﬂ'ﬂk but even. x odd = een



O 7 (’3 V' _K-’aizisb th;z Qis
da. er'uumu6

€
(ﬂdﬁb?fcnmes

Cabi=0 AND Eaiii.=0

Nmkmg we can write down,
=7 lAu V(.Vm ﬁﬂim innb = O ﬁl’ Odfln-

.. inf2 33 mmurised



-

Vil .. Vo K givsins L).-.o

T Iny SJ mmdrised

= Biaiz Sisiq Sin-n In iiaimt ins2b

“Veoor

'Nt want fo be able to write LHS os totallj 33mmmic fensor
(S®K) ... INQinninb = Si....in ﬁuim. ine2 b

Which Jou can e !:.() mpmssirﬁ ito the Younj.TaHmw



[, GW9i; Fmt @s M

(1999) 123201

s

(-0




( ) T (L" #0 ond 0

AU Rm..f.-.m’ﬂ

___OT"" rl'im - ( 8 B Ra) ... inQineines b rli' rlim
- Oiv-in -Rtai...imb i pina
Isonopic l rl [

PrOpCfﬁCS = Siniz 8;;;.. 8’,,,,, in ﬁ/ﬂim-innb ’li.m ’lim
03 ute wanked !



n‘zdmhorL

L) !trlfl' .
8 8”) Szk };}QDSM]IVUL{L
Onc ) -
6%8“: JSbSI«.] 8:,8
tgkb' I l
f{( Nkwrwm SOJ[&

mmenisakion
L 0 fon g

knt
I
Ot
i Oat Sk 60:) t
) SJ Ruktb r[‘rm 'l
B



Bﬁmmemc (Binx f/[t’tric

® Ty Vo Rt rl"...rl"'*% {0 ﬁr odd n

jﬂf gven n

~J

L Oii .. 8in-n'm(R/ﬂin+u in2b ll"...rl"‘*"

—

- b | |
¢ Vin...Vinflia inwint2b Vined ... Vim Q, M ImLC TI "_(llmmm

~NJ

= 6i.’n. Simmt‘l immn.(Rvuimm'rSimme
rli. Qimrmh



