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How can we lower the GUT scale?
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Gauging Baryon Number

Leptobaryons

» Proton decay suppressed

715 (QQQL)*S3

v

Inherently stable cold dark matter candidate

v

Dark matter asymmetries linked to matter-antimatter
asymmetry

v

Predict leptophobic gauge boson Zg

Enable low scale unification

v
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Gauging Baryon Number

Gauging Baryon Number

Make the proton stable again!

> Promote global symmetries to local symmetries
SUB)c® SUQ)L® U(l)y @ U(1)s

Fileviez Pérez, Wise (2010)

» Bottom-up approaches: Leptobaryons
Duerr, Fileviez Pérez, Wise (2013), Fileviez Pérez, SO, Patel (2014)

= Now: UV complete top-down approach
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SU(4)c @ SU3), @ SU(3)r

» Partial Unification
SU(4)c ® SU(3)L ® SU(3)r
» Standard Model fermions
Q~ (4,3,1), Q°~(4,1,3),and L~ (1,3,3)
» Anomaly cancellation

Ve~ (1,3,1) and n~(1,1,3)

Sebastian Ohmer (MPIK)
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433

SU(4)c ® SU3)L ® SU(3)r

» Partial Unification
Matrix Notation

» Standard Model fermions
d, u, D, . c c
e dedg
o= % o Do) g e w ool
dg ug Dy D pe pe
Uy W, V¥p r b 9

» New fermions
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Symmetry Breaking

» Idea: baryon number as fourth color
Fileviez Pérez, Wise (2013), Fornal, Rajaraman, Tait (2015)

SU(4)c — SUB3)c @ U(1)s
» Scalar sector

Y ~(15,1,1) with (X) =vcTE

¢~ (4,1,1) with (@) =(0,0,0,vg/v2)"

» Masses new fermions

— LD yyo QU + Yn®Qn + h.c.

*
= My=y-£ and M,

_ . YB
V2 RV

Sebastian Ohmer (MPIK) 4/9




Symmetry Breaking
» Idea: baryon number as fourth color
Fileviez Pérez, Wise (2013), Fornal, Rajaraman, Tait (2015)
SU4)c — SUB)c® U(1)p
» Scalar sector
Y ~ (15,1,1) with (Z)=vcTE
¢~ (4,1,1) with (¢)=(0,0,0,vg/v2)T

» Masses new fermions

— LDy QUE + y,0Qn + h.c.

*
= My=yy-L and M,

_ . YB
V2 RV

= proton decay suppressed QQQLODH'/A®
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Trinification and Gauged Baryon Number

» Trinification and Gauged Baryon Number
SUB)c®@SUB)L® SUB)r® U(1)p

» Symmetry breaking to Standard Model

0 +

_ Pii wi
®;~(1,3,3) with i=1,23 = & =|¢ L
Hg  H'

» Standard Model masses

1
LD QQC (y1¢)1 + y2¢2 + y3¢3) + EI_L (qu)l + ko®s + k3¢3) + h.c.

Sebastian Ohmer (MPIK)
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Trinification and Gauged Baryon Number

B Symmetry Breaking

SU(1)c ® SU(3)L @ SU(3)R]

() #0

SUB)e@SUB) L, @ SUB)reU(l)p

(33) #0

(Pa3) #0

|S("(3)C RSUR) LUy @U(l)p

Sebastian Ohmer (MPIK)

[SUB)e @ SUR)r @ SUR)r®U(1)p-1 @ U(1)s] b c.
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Trinification and Gauged Baryon Numb:

Leptophobic Gauge Bosons

» SU(4)c gauge boson: A, = (

Sebastian Ohmer (MPIK)
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Trinification and Gauged Baryon Number

Leptophobic Gauge Bosons

G XV2

» SU(4)c gauge boson: A, = (X*/ﬁ 0
m

» Massless Standard Model gluons G, ~ (8,1,1)
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Trinification and Gauged Baryon Number

Leptophobic Gauge Bosons

A G Xu/V2
» SU(4)c gauge boson: A, = (X;j/ﬁ 0
» Massless Standard Model gluons G, ~ (8,1,1)
» Massive leptophobic gauge boson X, ~ (3,1,1)
2

1
M2 = §g2 vE+ Zg%vé and X, —

Sebastian Ohmer (MPIK)

) + Z,g‘u Té5
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Trinification and Gauged Baryon Number

Leptophobic Gauge Bosons

A [ Gu Xu/ V2 15
» SU(4)c gauge boson: A, = (X;j/ﬁ 0 + 2, T¢

v

Massless Standard Model gluons G, ~ (8,1,1)

» Massive leptophobic gauge boson X, ~ (3,1,1)
2 2 2.2 1 2.2 \f ..CAC
Mx = 38CvC T 48cVE and X, — qV,1nq

v

Massive leptophobic gauge boson Zg,, ~ (1,1,1)

MZB = 8BVB and ZB — C_’q; quancﬂﬁnc

Sebastian Ohmer (MPIK)
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Trinification and Gauged Baryon Number

Cosmology

» Stable fractional charged fermions W, W< n n°

Q(Vu) =+2/3,Q(Vqg) = Q(Vp) = ~1/3,
QVE) = —2/3,Q(Vg) = Q(Vp) = +1/3,
Q(nu) = +2/3,Q(ng) = Qnp) = —1/3,
QR(ng) = —2/3,Q(ng) = Qnp) = +1/3
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Trinification and Gauged Baryon Number

Cosmology

» Stable fractional charged fermions W, W< n, n¢

Sebas

RV, =+4+2/3,Q
QVE) = —
Q(nu) =
Qng) = —

» Stable colored bosons ¢, ¢p, pg, X

tian Ohmer (MPIK)

= Q(Vp) = -1/3,
= Q(Vp) =+1/3,
= Q(np) = —1/3,
= Q(np) =+1/3
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Trinification and Gauged Baryon Number

Cosmology

» Stable fractional charged fermions W, W€ n n¢

Q(V,) = +2/3,Q(V4) = Q(Vp) = —1/3,
QYY) = —2/3,Q(Vg) = QVH) = +1/3,
Q(nu) = +2/3, Q(n4) = Q(np) = —1/3,
Q(ng) = —2/3,Q(ng) = Q(np) = +1/3.

» Stable colored bosons ¢, ¢y, g, X,

Is this a problem for cosmology?

Sebastian Ohmer (MPIK)
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Trinification and Gauged Baryon Number

Cosmology

» Stable fractional charged fermions W, W< n n¢

Q(Vy) = +2/3,Q(Vd) = Q(Vp) = ~1/3,
(

Q(VE) = —2/3,Q(Vg) = (VD) = +1/3,
Q(nu) = +2/3, Q(na) = Qnp) = —1/3,
Qny) = —2/3, Qng) = Qnp) = +1/3

» Stable colored bosons ¢, ¢p, g, X,

No! Reheating temperature below lightest stable exotic particle
= Reheating temperature ~ multi-TeV

Sebastian Ohmer (MPIK)
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Number

433 @ Colliders

» Leptophobic gauge boson Zg

Bounds leptophobic gauge boson Zg

LHC dijet searches
2 T T T T T T

9B

02 Combination from 1605.07940
CMS 27 b1 & 36 fb! (13 TeV) e

ATLAS 37.0 b= (13 TeV)
ATLAS 3.4 fo=! (13 TeV); Trigger-objcet Level Analysis -
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Duerr, Fileviez Pérez, Smirnov (2017)
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Trinification and Ga

433 @ Colliders

ged Baryon Number

» Leptophobic gauge boson Zg

Properties leptophobic gauge boson Zg

Decay Width Zg

mp=1TeV, m,=m,=600GeV

Branching Zg

mp=1TeV, m,=m,=600GeV
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Trinifica auge aryon Number

433 @ Colliders

» Leptophobic gauge boson Zg

Properties leptophobic gauge boson Zg

Decay Width Zg

mp=1TeV, m,=m,=600GeV

Tz,/98” [GeV]

Branching Zg

mp=1TeV, m,=m,=600GeV
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» Stable charged particles

pp — Y, Z*, Z5 — WV, i
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Trinification and Gauged Baryon Number

433 @ Colliders

» Leptophobic gauge boson Zg

Properties leptophobic gauge boson Zg

Decay Width Zg Branching Zp
mp=1TeV, my=m,=600GeV mp=1TeV, my=m;=600GeV
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» Stable charged particles
pp =%, Z%, Z — WV, iy

» Stable colored particles = R-hadrons
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Conclusions

Conclusions

» UV completion of Standard Model at low scales
= proton decay suppressed QQQLCIDCI%Z)T//\5
» Stable fractional charged and/or colored particles

= Reheating temperature multi-TeV regime
= Exotic signatures at the LHC

Sebastian Ohmer (MPIK) 9/9
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