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THE EFT PARADIGM

EFT encodes UV-info via ¢;
small parameter E /Ay

Power counting = understanding = symmetries
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large couplings from a strong sector help
2

e.g. in CHM: £ = (aH?)? M(2 = 2)] = [g]
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Higher dim-operators may dominate the amplitude within EFQ

symmetries: suppress relevant, marginal and less-irrelevant operators

fermion chiral-compositeness

) pioy —mupp +... — @Zia¢—e-m*&¢+..¢.

chiral-sym.

naively important only at the cutoff: useless theory

1-to-1 amplitude dominated by a less-relevant operator AM(1 — 1) ~ % €My < B <K m,
! gsm 2 :’!—-;T
— pu Sy _ _ b 1 E s
Vi — € - g Ayt + 9*2 (P ) + ... M(2 = 2) = géy (1 a3 )I
me W *

Amplitude runs fast within the validity of EFT
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what the landscape of consistent EFTs?

The more irrelevant, the more SM-like at low-energy

CH, Goldstones (aﬂ)QWZT

4-Fermions (YpyHep)? o~ B

)
can amplitudes be softer than £*? No!

dilaton, 1SO(4) (80)4 ) B.B. 1605.06111

Universal statement
irrespectively spins

Goldstino % 0%1)? .

remedios F

unitarity+crossing+analyticity of UV theory
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doesn't admit a local unitary UV completion
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(7) — P(x(2")) + ¢ unique dim-8 operator,
r — 2" 4 ittt (z) — ip(x)oret  @ndno lower dimensional op.’s

non-linear SUSY

modern incarnation of
Akulov-Volkov 1972
Bardeen-Visnjic (1982)

' Manifesto:
~quarks and/or leptons as composite pseudo-Goldstin |
f\what are the experimental bounds? Generic Predictions?

revived in Liu-Pomarol-Rattazzi-Riva
1603.03064
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9+ Couey)
F o~ mi/g*
Xi J
N — Goldstini  /  [P.Q=[P.Ql] =0

{QL. Q3 ={Ql.Q} =0

maximal R-symmetry U(N') D [flavor]| X [gauge]

dynamical assumption: gauging R-sym. breaks SUSY
broken by Yukawa’'s only i.e. Minimal Flavor Violation (caveats...)

Xy x;H breaks SUSY too no goldstino mass yet
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CC contribution from
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1 .
canonical K.T.+/ d*x ﬁ( IauX;)(aMXZXJ) + ...

Goldstino 4-fermion interactions ><

| accidentally maximally R-symmetric
AN F 4/9*
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[ Explicit breaking

elementary composite (remedios)
1

1
gauge Loange = ——5F 07 + VIR Lyauge = i

A vo A pA f
12 L — F Fpag 9”7 +qV, R "+ ..

<1
Yukawa Ly =iy’ x;H + h.c.

other (det F) Xiaableﬁ‘ab = xio"'x;jFu, +... €— suppressed by MFV
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(/,g_—.t R —
all quarks N=36 36=18,P9; P9, doesn’t work! need to get antifundamental 3%3=3*96
[ 4
u
N =72 72, =| X éf/?’ generic prediction of maximal R-symmetry

exotic color 6-plets X, they are flavour triplets too
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test dR compositeness | | |
dim-8 Goldstino-Compositeness

using ATLAS-CONF-2016-069 == dim-6 chiral-compositeness
dN/dX/NSM
0.10¢ 13 TeV, 15.7/fb MiGeV) 7 2
' © — 4T = m /g«
m;; > 5.4 TeV 50000, = J* g
0.08f E
— 40000}
0.06¢ 300007
0.04+ 200005—
10000}
0.02+ l
E 2 5 10 20 X 1 2 5 10 20 *
Y = el¥in =izl — 1 +cost
pr(j1) > 450 GeV 1 —cost
(Y5, +¥5,)/2 <11
Yj — Yis|/2 < 1.7 from 50 TeV to 10 Tevd

oi? =50.8+£9.1 fb



CHIRAL- VS GOLDSTINO-COMPOSITENESS

e Goldstini /F (TeV)
1t] d 2.2
. 1 . S (g«/4m) 47 TeV (positive) R
dim-6 Chiral-Compositeness | m« < { (g /A7) 39 TeV (negative) R 3.3
’U,R,dR 3.9
dim-8 Goldstino-compositeness |m, > | Vg:/47 10 TeV (positive) I 59
V9« /41 9.5 TeV (negative) qr, dr 3.6
qL, UR 4.0
qr, UR, dR 4.1

EFTconsistency: my > myj; g, 22  or  g.24 strongly-coupled th.



CHIRAL- VS GOLDSTINO-COM

dim-6 Chiral-Compositeness

dim-8 Goldstino-compositeness

EFT consistency: my > myj;

bounds rescaling
dim-8 ~ dim-6 x (E/m,)?

POSITENESS

7 Goldstini V' F (TeV)
Ijn > (g« /4m) 47 TeV (positive) dr 2.9
"™ (g4/47) 39 TeV (negative) UR 3.3
uR7dR 3.9
o >V g+/4m 10 TeV (positive) ar 35
"™ V9«/4m 9.5 TeV (negative) 4L, dr 3.6
qr, UR 4.0
qL, UR, dR 4.1
9«22 or  g«.24 strongly-coupled th.
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= Goldstini v/ F (TeV)
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dim-6 Chiral-Compositeness | m« 2 { (4. /4m) 39 TeV (negative) w 33
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CHIRAL- VS GOLDSTINO-COMPOSITENESS

dim-6 Chiral-Compositeness

dim-8 Goldstino-compositeness

EFT consistency: my > myj;

bounds rescaling
dim-8 ~ dim-6 x (E/m,)?

R
m*Z{

m*Z{

(g«/4m) 47 TeV (positive)
(g«/4m) 39 TeV (negative)

V/ g+/4m 10 TeV (positive)
\/ g« /4w 9.5 TeV (negative)

9*22

Goldstini v/ F (TeV)
dr 2.2
URr 3.3
’U,R,dR 3.5
qr, 3.5
qL,dR 3.6
dr,URr 4.0
qL,uR,dR 4.1

or g« 4 strongly-coupled th.




BOUNDS FROM DILEPTONS

LEP combination 1302.3415 Chiral—compositeness (RR)
LEP: e'e” — I'"

Ay >9TeV = m® > (g% /47) 45 Te\d

Goldstino-Compositeness of eR”

rough estimate from rescaling dim-6

o @ (ma\ g\
My ~ My ( ?;) 6
m =N
HJ

0.005

1/2
N\ il (g§8> /477) 3 TeV
<E> erY'erRERYuER ~

our analysis: ~2 TeV



PRECISION MEASUREMENTS?

Fermion-Gauge Fermion-Higgs

B & _
O} = D" B, (Yr,ry"Y1,R) O%,R = (iH'D,H) (1, r7"%1,R)
— — —
Oy = D'We, (Proy"py) | OV = (iH'o* D, H) (o epy)
Dipoles wa = ’H‘z’lbLHwR
Opp = @La’“’H YrB,u Four-Fermions
Opw = Yoo HYrWy, | Osp = Yy ppy"y
Ope = Yo HT Gy,

2 o \ 01 MR and L, PGoldstini
g2 ™ (Z“) x (12{;2) —»  m.>31TeV

Z-couplings 0 g oy (3) 4 P2 N
(LEISJ)Q @\w Cw,B ™ o a_@> ¢y prer N gy~ m{m} My 2 2.5 TeVJ




CONCLUSIONS

s« The future of the LHC are tests for deviations from the SM

% Important to have a complete picture of how the SM can emerge from completely different
dynamics, in particular strongly coupled which have the strongest effects

s& There exist only two fermion-compositeness: Chiral- and Goldstino-compositeness

- Goldstino-Compositeness is controlled by SUSY-breaking power counting
- SUSY put to good use, although very unusually and with different scope

s¢ We tested Goldstino-Compositeness for the first time

- Fully composite light-quarks as pseudo-Goldstini in the 10 TeV range (as opposed to ~50 TeV)
- Fully composite electron as pseudo-Goldstino in the few TeV range (as opposed to ~45 TeV)
- Did Thompson discover SUSY in 18977 We addressed this question looking at data

s¢ Maximal R-symmetry and Goldstino-compositeness of all quarks predict
light coloured exotics 6-plets (look for it!)



thank you!



packup slides



WHAT ABOUT THE EXOTIC 6-PLETS?

: : Excl R t 95% CL
if left- and right-handed quarks — gro xelusion Region at 990 2= -

(and maximal R-syr ’

gq— 6

no majorana mass and anomaly = 4} | g —dr. =034

need to marry them with right £ S

SL O\ i |17 g.=3,e=0.34
----- - gy =3,e=0.2
g ol
singly produced ;
q N |
83" =6 0 10 20 30 40 50
% (TeV)
3
leading op.’s ~ - Yapzo Ul 3Gl narrow T'(Y — qg) ~ ae? X
| 2 /37K 4m?



QUARKS AS PSEUDO-GOLDSTINI

BH-down




QUARKS AS PSEUDO-GOLDSTINI

N =3 U(1)g x SUB)r =U(1)y x SU(3)color 3" =xi =dj

N =9 U g x SUr DUy x SU3)coror X SU(3)ge 91,5 =(37,3%)1/3 =dj

“all RH-down+up N =18 Ul rxSUI8)r DU(1)gr xU(1)s ><( U(9) D[U(1]2 ><U3)]4

18716 =(9%1) 1/6,-1/2® (1,9%)1/6,12 = (3",3%,1,1) 1/6,-1/2®



QUARKS AS PSEUDO-GOLDSTINI

RH-down A =? U(1)r x SU3)r = U(1)y x SU(3)color

I

| N =9 U(l)R X SU(9)R D) U(l)y X SU(?’)Color X SU(S)dc

N B _— ) ) -

@I RH-down+up N =18 ULl grxSU18)r DU xU(l)g x SU(9) x SU(9) D [U(1)]* x [SU(3)]*
“ 187, ,6=1(9"1)1/6,-1/2® (1,9%)1/6,1/2 = (37,3, 1,1) 1/6-1/2® (1,1,3%,3") _1/6,1/2 = ( Z‘g )
N ) J

—— — e

LH-quarks AN =18 Ul)rx SUA8)r DU(1)r x SU(2) x SUY) DU(1)r x SU2)w x SU(3)c x SU(3),,

Xi = 18176 = (2,9)1/6 = (2,3,3)1/6 = qij



QUARKS AS PSEUDO-GOLDSTINI

(Z - 7 N =3 U(DR < SU(g)R — U(l)y X SU(3)Color

N =9 U(L)r x SU(9)r D U(L)y x SU(3)cotor X SU(3)ar

_— . - . =

én RH-down+up A = 18 U(1)g x SU(18) 5 O (}(1)3 < U(1)g % 5(}(9) x SU(9) > [U(1)]2 x [SU(3)]4

187, /6 = (9% 1) 176,172 D (1,9)1/6,1/2 = (37,3", 1, 1) 1 /6,172 ® (1,1,3%,3) _1/6,1/2 = < d )
J

| H-quarks AN =18 U1l)r x SUA8)r DU(1)r x SU((2) x SUWY) DU(1)gr x SU2)w x SU3)c x SU(3),,

Xi = 18176 = (2,9)1/6 = (2,3,3)1/6 = qij

allquarks N =36 36=18,$9,99, doesn'twork! need to get antifundamental 3®3=3*96

N =172 72, = | X_ 93 generic prediction of maximal R-symmetry

exotic color 6-plets X, they are flavour triplets too




GOLDSTINO-COMPOSITENESS
OF LEPTONS

‘right-handed N =1 Ul)r=U(Q)y

N =3 U)g x SUB)r = U(L)y x SU(3) f1avor e’ =31 = (e p 7

left-handed N =2 ULl rxSUR2)p=U1)y x SUQ2)w L=(1,2)_y)

N =0 U(I)R X SU(G)R D) U(l)y X SU(Q)W X SU(3>flavour Xi=(j,k) = Lj = (Lef " L;)

j) ]7

all leptons N =12

L
12 =(6,1)_1/2® (1,6)1/2 = (3,2,1,1) 120D (1,1,3,1)1/21/2 D (1,1,1,3)1/2 12 = ( ec )
VC
SU(12) D SU((6) x SU((6) x U(1)4 D SU(2)w x SU(3) x SU(3) x SU3) x U(1)a x U(1)p
- J
~V —"

flavor Uy —as 5




GOLDSTINO-COMPOSITENESS
OF LEPTONS

right-handed N =1  UL)r=U(l)y e =(1,1);

' left-handed N =2 ULrxSU@2)r=U(1)y x SU2)w

N =0 U(I)R X SU(G)R D) U(l)y X SU(Q)W X SU(3>flavour Xi=(j,k) = Lj = (Lef " L;)

Jra0

all leptons N =12

L
12 =(6,1)_1/2® (1,6)1/2=(3,2,1,1)_1/20® (1,1,3,1)1/21/2 B (1,1,1,3)12 12 = ( y )

SU(12) D SU(6) x SU(6) x U(1)4 D SU(2)w X 56(3) X SU3) x SUB) xU(1)a xU(1)p
Y ~ V

flavor Uy —as 5




right-handed

left-handed

( all leptons N =12

12=(6,1)_1/2®D(1,6)1,2=(3,2,1,1)_1 /20 P (1,1,3,1)1/21/2D (1,1,1,3)1/2,_1/2 =

)

N =1
N =3
N =2
N =6

GOLDSTINO-COMPOSITENESS

OF LEPTONS

U)r=U(l)y e = (1,1)

Ul)r xSUB)r=U(1)y x SU(3) tiavor e =31 = (e u 7))
flavor

U(l)R XSU(Q)R:U(l)y XSU(Q)W L:(1,2)_1/2

U(I)R X SU(G)R D U(l)y X SU(Q)W X SU(3>flavour Xi=(j,k) = Lj = (Lef L¥ L;)

Jra0

SU(12) D SU(6) x SU(6) x U(1)4 D SU(2)w X 56(3) X SU3) x SUB) xU(1)a xU(1)p

-~ 7 \ J

flavor Uy —asp




GAUGING R-SYMMETRY

. i - S ~\~
[Réuan e Q' = (T Qj o [Rue Q=@ |
[Réronm Qi == (T"), Q). [RuwnQll = —Q)

without SUGRA explicit breaking

R is not an invariant sub-algebra

more prosaically, the R-current doesn’t respect the shift symmetry

1
RAM — FQTCLM CLTAX — (XTaaTAX) (55 T

JTO-M ) aXi + )

512 X
2F2
AN

r with SUGRA: gauging R is OK in principle
| (see e.g. Drainer '95)
superpotential is charged

BUT /

\Tf 1) vanishing CC requires R broken near Planck <CC ~ F? —|W|?/m3,
2) SUGRA adds N-gravitini that eat the Goldstini

gravity is breaking SUSY explicitly in our setup:
no-SUGRA!
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POSITIVITY
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4-fermion with two derivatives

R-currents — U(1) U(1) x SUN)  U(1) x SU(Ne) x SU(NF)
OxX(OX)x  FuXaXpd*x*X° axtoxTy Oxax
B, XaXbO" XX axte *Baxﬂxa
axtoxTh x4

8
Ox" o xTp OXGX



