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Introduction
SUSY SU(5) as a GUT

The SU(5) flavour structure of the up-squark sector

Grand Unification theories aim at unifying the 3 gauge interactions
of the SM at a scale «~ O(10*°GeV).
Simplest candidate:
@ SU(5), smallest Lie Group containing
QSM = U(].) X SU(2) X 5U(3)
e Matter Fields of the SM can be embedded in SU(5)
representations:
{Qi, U;,Ei} € 10;, {L;, D;} € 5
e The Higgs sector requires special care, Hi, H» = (Hy, Hy)
must be embed in 5; and 5; respectively
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The SU(5) symmetric superpotential of the theory will be given by:
W = \J1110;5; + M#H,10,10;
which below the GUT scale will break down to:
W = yiH,QiU; + nglQiDj + yéjHlL,-Ej .
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SUSY SU(5) as a GUT

The SU(5) flavour structure of the up-squark sector

The SU(5) symmetric superpotential of the theory will be given by:
W = \J1110;5; + M#H,10,10;
which below the GUT scale will break down to:
W = yiH,QiU; + nglQiDj + yéjHlL,-Ej .

assuming that coloured higgs triplet are heavy enough to be
decoupled.

Proton lifetime assumed to be long enough so that | can have the
opportunity to give this talk.
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Introduction
SUSY SU(5) as a GUT

The SU(5) flavour structure of the up-squark sector

Previous studies concerned the sector of leptons and down-type
quarks:

"Best known" SU(5) relation

Yd = ylt

@ True only at Mgyt ~ O(10°GeV)

@ Highly model dependent, involves two separate sectors, RGE
running fundamentaly different.

© In the MSSM, similar relation holds between soft terms:

2 a2 2 2 a2 _ qt
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» We would like to find a SU(5)-induced relation less model
dependant, which should not be too much spoiled by RGE
flow.
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SUSY SU(5) as a GUT

The SU(5) flavour structure of the up-squark sector

» We would like to find a SU(5)-induced relation less model
dependant, which should not be too much spoiled by RGE
flow.

» Remember that )\gHzlo,’le € W with 10;10; symmetric, only
the symmetric part of AJ will survive.

This lead to:
Yu = )/5
a, = a,
m = m,

© More stable during RGE flow
@ Remain exact in the presence of GUT threshold correction
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Mg _ ﬁ?é + O(V2)13 %éu + O(VM)13
u %55 + O(VM)13 ﬁ'l%l + O(V2)13

given in the SCKM basis where the Yukawas are diagonals.

S. Fichet, B. Herrmann, Y. STOLL, Based on: arXiv:1403.3397 A new flavour imprint of SU(5)-like Grand Unification



Introduction
SUSY SU(5) as a GUT

The SU(5) flavour structure of the up-squark sector

Let's have a look at the up-squark mass matrix:

Mg _ ﬁ?é + O(V2)13 %éu + O(VM)13
u %55 + O(VM)13 ﬁ'l%l + O(V2)13

given in the SCKM basis where the Yukawas are diagonals.

@GP neglected. ]

S. Fichet, B. Herrmann, Y. STOLL, Based on: arXiv:1403.3397 A new flavour imprint of SU(5)-like Grand Unification



Introduction
SUSY SU(5) as a GUT

The SU(5) flavour structure of the up-squark sector

Let's have a look at the up-squark mass matrix:

Mg _ ﬁ?é + O(V2)13 %éu + O(VM)13
u \%55 + O(VM)13 f’ﬁ% + O(V2)13

given in the SCKM basis where the Yukawas are diagonals.

@GP neglected. ]

How stable a, = a!, and m%? = m?, remains upon RG flow?

— SPheno (v3.2.4), two-loop RGE code: O(%), only sizable
discrepancy between mé33 and ml2]33.
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— The squark mass spectrum should certainly exhibit some
hierarchy: Naturalness, LHC bounds...

If a sizable mass gap exists, one can capture the physics of light
squarks in an effective theory.

Let us reorganize the up-squark mass term such that:

Lot MEn = of M0 = @T’ ¢T> ("A/’/I; %) (@

qg: heavy states, ¢: Light states.
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A new two stops effective theory

— The squark mass spectrum should certainly exhibit some
hierarchy: Naturalness, LHC bounds...

If a sizable mass gap exists, one can capture the physics of light
squarks in an effective theory.

Let us reorganize the up-squark mass term such that:

.
£ 6 Mo = 0T M0 = (41, 6) (A’N‘/I/IQT %2> (z)

qg: heavy states, ¢: Light states.
— The up-squark sector of the Lagrangian will have the form:

£ [Do? — ot M0 + (0¢+ @$+h.c.) ,

with O, O: Interactions with others fields used to probe the
up-squark sector
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A new two stops effective theory

Assuming that the eigenvalues of M2 are large compared to the
typical scale:

S. Fichet, B. Herrmann, Y. STOLL, Based on: arXiv:1403.3397 A new flavour imprint of SU(5)-like Grand Unification



A new two stops effective theory

Assuming that the eigenvalues of M2 are large compared to the
typical scale:

Log = |D[?
n (o_@(w_ fr—+o2) W_fmwwz) 6+ hc.

o 1 (men o n
—¢T<M2 — W2 - {MZTM—“W, M2}>¢.

Expanded to E2M~2 and where {, } is the anti-commutator.
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— Finding phenomenological tests for the low-energy SU(5)
relations a, ~ a’, and mg ~ mj.
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© Unobserved squarks heavy enough for L. to make sense.

@ Stop production occurs through flavour diagonal processes.
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LHC signatures Case m,

Purpose:
— Finding phenomenological tests for the low-energy SU(5)
relations a, ~ a’, and mg ~ mj.

© Unobserved squarks heavy enough for L. to make sense.

@ Stop production occurs through flavour diagonal processes.
© R-parity conserving scenarios with a ¥9 LSP.
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LHC signatures Case myj/

o {#1,%} can both decay to {9 ~ B and {9 ~ W.
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"2 B

e {#, %} can both decay to {9 ~ B and 9 ~ W.
@ The operators that couple {#1, %} to W, B are:

0 (’? X (UL, CL, —~4 URr, —4 CR) B
9 O x (ul_, C[_) w
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Case mz

LHC signatures Case myj/

o {#1,%} can both decay to {9 ~ B and {9 ~ W.
@ The operators that couple {#, %} to W, B are:

0 (’? X (UL, CL, —~4 URr, —4 CR) B
9 O x (ul_, C[_) w

At first order in L, the flavour-violating couplings:

2
m
5 uL+ CL_4A2 UR_4T325C (é_) i
™6 up + %6CL_4ifUR_4L%CR f
A2 A2 A2 A2

- Pup + 3 s
% A2 "2 R(d) (fl).
—u + /\2 CcL

2 = 2 2 = 2
Where A{ = mq; 44 and /\2 = M, 55
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LHC signatures Case mj/ > meg

"2 B

These couplings will be related by our SU(5) relations upon which
the RGE flow will induce a discrepancy of O(1%).
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These couplings will be related by our SU(5) relations upon which
the RGE flow will induce a discrepancy of O(1%). In this context
the decay channels of interest will be:

> ?172—)(]3
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These couplings will be related by our SU(5) relations upon which
the RGE flow will induce a discrepancy of O(1%). In this context
the decay channels of interest will be:

> ?172—)(]3
» tio > qW —qZ/hB

with q=u,c observed as hard jets.
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These couplings will be related by our SU(5) relations upon which
the RGE flow will induce a discrepancy of O(1%). In this context
the decay channels of interest will be:

> ?172—)(]3
> f172—>qW—>qZ/hB

with q=u,c observed as hard jets.

> FV corrections to M arises if integrating out heavy fields. J
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Case mz

LHC signatures Case mj >

These couplings will be related by our SU(5) relations upon which
the RGE flow will induce a discrepancy of O(1%). In this context
the decay channels of interest will be:

> ?172—)(]3
> f172—>qW—>qZ/hB

with q=u,c observed as hard jets.

> FV corrections to M arises if integrating out heavy fields.
» NMFV requested. J

S. Fichet, B. Herrmann, Y. STOLL, Based on: arXiv:1403.3397 A new flavour imprint of SU(5)-like Grand Unification



Case mz 5 > my, > mp

LHC signatures Case mj/ > meg

"2 B

Let's assume that one counts events occuring through decay to
B = Ny and through decay to W = N,.
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Case mz

LHC signatures Case mj >

Let’s assume that one counts events occuring through decay to
B = Ny and through decay to W = N,. If the SU(5) hypothesis is
verified we have:

2 2 4 A—4 4 A—4
2 2 4 A—4 4 A—4
+(0';155 + O"i.ZCé) <m16/\1 + m26/\2 )
2 2 pA—4 2 2 A4
+2¢555(08, — U%2> <m13m16/\1 + mazmie/\, )

with oy, = O‘(pp — Z“,%,*)
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LHC signatures Case mi’ > m; -
W o B

> In principle one can test the SU(5) hypothesis using Ny ;.
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» However estimating Ny, N is quite challenging (kinematics,
background...)

> Instead, use c-tagging techniques:
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In principle one can test the SU(5) hypothesis using Ny ;.

v

However estimating Ny, N is quite challenging (kinematics,
background...)

v

Instead, use c-tagging techniques:

@ c-jet correctly tagged

Ny .= N, + N(/,L
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Case mz

LHC signatures Case mj >

> In principle one can test the SU(5) hypothesis using Ny ;.

» However estimating Ny, N is quite challenging (kinematics,
background...)

> Instead, use c-tagging techniques:

@ c-jet correctly tagged

Ny .= N, + N(/,L

@ up and misidentified c-jets
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"2 B

As a result, when the SU(5) hypothesis is fullfilled, we will have
the relation:
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Case mz 5 > my, > mp

LHC signatures Case mj/ > meg

"2 B

As a result, when the SU(5) hypothesis is fullfilled, we will have
the relation:

Ny NS
Nf_/\/z/
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As a result, when the SU(5) hypothesis is fullfilled, we will have

the relation:
NS NS
NE /\/‘Z

» The normalisation of Ny ; is not needed, only ratios involved.
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Case mz | > mpy > mp

LHC signatures Case mj > my -, mg

As a result, when the SU(5) hypothesis is fullfilled, we will have

the relation:
NS NS
NE /\/‘Z

» The normalisation of Ny ; is not needed, only ratios involved.

» The stops mixing angle can be arbitrary.

A new flavour imprint of SU(5)-like Grand Unification

S. Fichet, B. Herrmann, Y. STOLL, Based on: arXiv:1403.3397



Case my. m m

B

v B W 3
LHC signatures Case m;, > my , > Mp

Second Example

o %5 can only decay into 0 ~ B, O  (t,, —4 tg) B.
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Case mg my, mp
LHC signatures Case myg, > m;l‘z > mp

my, > m;u > mpg

Second Example

o %5 can only decay into 0 ~ B, O  (t,, —4 tg) B.

e Flavour conserving processes, t12 — Bt g.
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my, > m;u > mpg

Second Example

o %5 can only decay into 0 ~ B, O  (t,, —4 tg) B.

e Flavour conserving processes, t12 — Bt g.

» Top polarimetry,
distinguish t;, tg.
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e Flavour conserving processes, t12 — Bt g.
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distinguish 1, .
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X al,
LHC signatures Case m;, > my , > Mp

At leading order, the matrix coupling the stops to O is unitary,
OR(0)(t1, %)t
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Case my. my; mp

X al,
LHC signatures Case m;, > my , > Mp

At leading order, the matrix coupling the stops to O is unitary,
OR(0)(t1, %)t

Two non-trivial relations:

Ny 1 Nrr

Nig 162 Ny,

N N, N N,
16( LL 2,L): LR V2R

0-2‘1 0?2 JI’l 0-2'2
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Case my. my; mp

X al,
LHC signatures Case m;, > my , > Mp

Let's have a look at the coupling at next to leading order:
~ 1—a —b ~ %1
B (tL, —4 tR) ( b 1- a> R(@) (Ez)

a_l(mi‘s m3s
2\at A
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Case my. my; mp

X al,
LHC signatures Case m;, > my , > Mp

Let's have a look at the coupling at next to leading order:
~ 1—a —b ~ %1
B (tL, —4 tR) ( b 1- a> R(@) (Ez)

4 4
M3y n m35>
4 4

A A3

with

1/ mt mA
2= 13 23 |

S 2\A AN

and

2 2 2 2 2 2 2 2
b— 1 <m13m16 M3Mae | M34Mge m35m56>
- 4 4 4 4
2 A A3 A A3
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o Note that the distorsion in the coupling is symmetric and
hence, at NLO, if the SU(5) hypothesis is true we will have:
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Case my. my; mp

X al,
LHC signatures Case m;, > my , > Mp

o Note that the distorsion in the coupling is symmetric and
hence, at NLO, if the SU(5) hypothesis is true we will have:

Nyt 1 Nrgr 16 <N1,L n N2,L> _ N1i.r n N1i.r

Nigp” 162 Ny |

0% 0%, 0% 0%
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Case my. my, mg

X al, 5
LHC signatures Case m;, > my , > Mp

o Note that the distorsion in the coupling is symmetric and
hence, at NLO, if the SU(5) hypothesis is true we will have:

N 1 N N N N N
e, 1 2,R7 16 (ML M) _ MR MR
Nir 162 No

% !

» If the SU(5) hypothesis is not true, both relations will be not
satisfied.
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Case my. my, mg

X al, 5
LHC signatures Case m;, > my , > Mp

o Note that the distorsion in the coupling is symmetric and
hence, at NLO, if the SU(5) hypothesis is true we will have:

N 1 N N N N N
1,L L 2R 7 16 1,L + 2,L _ 1,R + 1,R
Nl,R ]_62 N2,L 0% 0%

1 1

» If the SU(5) hypothesis is not true, both relations will be not
satisfied.

» Again, only ratios involved, no crucial dependency upon the
overall normalisation.
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Conclusion

» We have pointed out the existence of new MSSM/SU(5)
induced symmetry relations.

» These relations stay confined within the up-squark sector and
hence are less spoiled by RGE running while being insensitive
to GUT threshold corrections.

» We have built a new two light stops effective theory as a tool
to put our SU(5) tests in practice.

» These tests are particularly simple, involved only ratios of
number of events and hence do not depend on the exact form
of the total cross sections.

» Though, charm tagging techniques and top polarimetry will be
crucial ingredients to make them reality.

» Stay tuned for more evolved tests involving Bayesian statistic,
coming up this summer © or this fall ©.
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Conclusion

Thank you for your attention.

Any Questions?
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