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Extended gauge symmetries

Planck scale
See talks by
almost anyone in Higgs & SUSY
sessions of PHENO'12
Low-scale extended Y
, R.Huo
ga %96 Sg mmetrLes? and many others
A. Elsayed, S. Khalil and S. Moretti
SUSY @ TeV scale arXiv:1106.2130 [hep-ph]
EW scale M.Hirsch, MM, W.Porod, L.Reichert

JHEPO2 (2012) 084

Michal Malinsky, IFIC Valencia

Low-energy imprints of extended gauge symmetries PHENO 2012, Pittsburgh



Extended gauge symmetries

Planck scale

high-scale extended
gauge symmetries?

EW scale

Michal Malinsky, IFIC Valencia Low-energy imprints of extended gauge symmetries PHENO 2012, Pittsburgh



Extended gauge symmetries

Planck scale
unified dynamics ? GUT scale ?
&ﬁﬁs
EW scale

Michal Malinsky, IFIC Valencia Low-energy imprints of extended gauge symmetries PHENO 2012, Pittsburgh



Extended gauge symmetries

Planck scale
SUSY breaking
unified dynamics ? GUT scale ?
- y
Sl/(_SY @ TevV sca Le soft SUSY sector
EW scale

Michal Malinsky, IFIC Valencia Low-energy imprints of extended gauge symmetries PHENO 2012, Pittsburgh



Extended gauge symmetries

Planck scale
SUSY breaking
unified dynamics ? GUT scale ? \
Majorana neutrino masses ? Seesaw scale ? ———— ——— >
Borzumati, Masiero
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Extended gauge symmetries

Planck scale
SUSY breaking

unified dynamics ? GUT scale ? \
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Leading-log mMSUGRA RG invariants

(m% —m)/M;

independent on mMSUGRA parameters at the leading log level

S. P.Martin and P. Ramond, Phys. Rev. D 48, 5365 (1993).
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Leading-log mMSUGRA RG invariants

2 — | 1 (i <\2
mf(MSUSY)—mO oMo >4>4 f,SO‘Z(US)

M;(Msusy) = M, /2

G.A. Blair, W. Porod, and P. M. Zerwas, i
Phys. Rev. D 63,017703 (2000) i f,S T (< o>\ 12
P. Bechtle, K. Desch,W. Porod, and P.Wienemann, s T T {1 i (v5)/ i (vg))]
Eur. Phys. . C 46,533 (2006) .
R. Lafaye, T. Plehn, M. Rauch, and D. Zerwas, ct
Eur. Phys. J. C 54, 617 (2008) /

(m% —m)/M;

independent on mMSUGRA parameters at the leading log level

S. P.Martin and P. Ramond, Phys. Rev. D 48, 5365 (1993).
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Example: sliding left-right scale

extra vector-like down-type quarks

+# 3:.212rlB_1 SO(10)
3 (3,2,1,+3%) 16
E 3 (3,1,2,—3) 16
=T (1,2,1,-1) 16
2 |3 (1,1,2,+1) 16
3 (1,1,1,0) 1
1| (3,1,1,-2), (3,1,1,+2) 10
v | ] (1,2,2,0) 10, 120
-:%8 1 (1,2,1,+1) 16, 16
3 (1,1,2,7F1) 16, 16

V. DeRomeri, M.Hirsch, MM, L.Reichert
Phys.Rev. D 84,053012 (201 1)

a variant of

P.S. B. Dev and R. N. Mohapatra,
Phys.Rev.D 81,013001 (2010)

Michal Malinsky, IFIC Valencia
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extra vector-like down-type quarks

Example: sliding left-right scale

+# 3:.212rlB_1 SO(10)
3 (3,2,1,+3%) 16
E 3 (3,1,2,—3) 16
=T (1,2,1,-1) 16
2 |3 (1,1,2,+1) 16
3 (1,1,1,0) 1
1| (3,1,1,-2), (3,1,1,+2) 10
v | ] (1,2,2,0) 10, 120
-:%8 1 (1,2,1,+1) 16, 16
3 (1,1,2,7F1) 16, 16

V. DeRomeri, M.Hirsch, MM, L.Reichert
Phys.Rev. D 84,053012 (201 1)

a variant of

P.S. B. Dev and R. N. Mohapatra,
Phys.Rev.D 81,013001 (2010)
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extra vector-like down-type quarks

Example: sliding left-right scale

+# 3:.212rlB_1 SO(10)
3 (3,2,1,+3%) 16
E 3 (3,1,2,—3) 16
=T (1,2,1,-1) 16
2 |3 (1,1,2,+1) 16
3 (1,1,1,0) 1
1| (3,1,1,-2), (3,1,1,+2) 10
v | ] (1,2,2,0) 10, 120
-:%8 1 (1,2,1,+1) 16, 16
3 (1,1,2,7F1) 16, 16

V. DeRomeri, M.Hirsch, MM, L.Reichert

a variant of

Michal Malinsky, IFIC Valencia

Phys.Rev. D 84,053012 (2011)

P.S. B. Dev and R. N. Mohapatra,
Phys.Rev.D 81,013001 (2010)
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Example: sliding left-right scale

MSSM limit

. 2 2 2

= _ /2 2 2
8 QE = (mg —m%)/Mj
= . 2 2 2
. 2 2 2

05 | | | | | | |
10 10° 108 1010 1012 1014 1016
v |GeV]
sliding LR scale V. DeRomeri, M.Hirsch, MM, L.Reichert

Phys.Rev. D 84,053012 (201 1)
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Example: sliding Pati-Salam & LR scales

extra vector-like down-type quarks, “exotic” seesaw 35| 399 PS SO(10)
# | 3.2.2r15_1 462125 S0O(10) -]
K (3,2,1,4+1) (4,2,1) 16 f
g 31 (3,1,2,—3) (4,1,2) 16 ol
< | 3] (1,2,1,-1) (4,2,1) 16 |
> 3| 11,2+ (,1,2) 16 -
3| (1,1,3,0) (1,1,3) 45 40
1| (3,1,1,F3) (6,1,1) 10
2 | (1,2,2,0) (1,2,2) 10 20
50 | 1| (1,1,3,0) (1,1,3) 45 |
T | 1] (1,2,1,41) | (4,2,1),(4,2,1) | 16, 16 ol | ‘ o ‘ ‘ o
1| (1,1,2,F1) | (4,1,2),(4,1,2) | 16, 16 10> 10* 10® 108 10" 102 10" 10 108
1 absent (15,1, 1) 45 E (GeV)

V. DeRomeri, M.Hirsch, MM, L.Reichert
Phys.Rev. D 84,053012 (201 [)
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Example: sliding Pati-Salam & LR scales

extra vector-like down-type quarks, “exotic” seesaw 35| 399 PS SO(10)
# | 3c202rlB—1 40212 SO(10) 80! sliding PS scale
L |3 (3,2,1,4+1) (4,2,1) 16 A s
g 31 (3,1,2,—3) (4,1,2) 16
s | 3| (1,2,1,-1) (4,2,1) 16
= 13| (1,1,2,41) (1,1,2) 16 -
3| (1,1,3,0) (1,1,3) 15 ©
1| (3,1,1,F3) (6,1,1) 10
2 | (1,2,2,0) (1,2,2) 10
50 | 1| (1,1,3,0) (1,1,3) 15
T | 1] (1,2,1,41) | (4,2,1),(4,2,1) | 16, 16 ol | ‘ o ‘ ‘ o
1| (1,1,2,F1) | (4,1,2),(4,1,2) | 16, 16 10> 104 10® 108 10" 102 10" 10'%  10'®
1 absent (15,1,1) 45 E (GeV)

V. DeRomeri, M.Hirsch, MM, L.Reichert
Phys.Rev. D 84,053012 (201 [)
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Example: sliding Pati-Salam & LR scales

extra vector-like down-type quarks, “exotic” seesaw 32| 322| PS SO(10)

# | 3c202rlp-1 dc2r2r SO(10) 80 slldlng LR scale sliding PS scale

_ 3] 321,43 (4,2,1) 16 IR

g 31 (3,1,2, —;,) (4,1,2) 16

< | 3] (1,2,1,-1) (4,2,1) 16

= 13| (1,1,2,41) (1,1,2) 16 -
3| (1,1,3,0) (1,1,3) 15 ©
1| (3,1,1,F3) (6,1,1) 10
2 | (1,2,2,0) (1,2,2) 10

50 | 1| (1,1,3,0) (1,1,3) 45

T | 1] (1,2,1,41) | (4,2,1),(4,2,1) | 16, 16 ol | ‘ o ‘ ‘ o
1| (1,1,2,F1) | (4,1,2),(4,1,2) | 16, 16 10> 10* 10® 108 10" 102 10" 10 108
1 absent (15,1,1) 45 E (GeV)

V. DeRomeri, M.Hirsch, MM, L.Reichert
Phys.Rev. D 84,053012 (201 [)
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Example: sliding Pati-Salam & LR scales

extra vector-like down-type quarks, “exotic” seesaw 32| 322| PS SO(10)
i | 3e212r1B-L 4021.2R 50(10) 80 slldlng LR scale sliding PS scale
3]G ,2,1,+3) (4,2,1) 16 A
g 31 (3,1,2, —%) (4,1,2) 16
< | 3| (1,2,1,-1) (4,2,1) 16
= 13| (1,1,2,41) (1,1,2) 16 -
3
3| (1,1,3,0) (1,1,3) 45
1| (3,1,1,F3) (6,1,1) 10
2 | (1,2,2,0) (1,2,2) 10
v
00 | 1| (1,1,3,0) (1,1,3) 45
j_: 1 (1?2717:|:1) (17271)7(4727 1) ]-_67 16 Oi l | | | | | | :
1| (1,1,2,F1) | (4,1,2),(4,1,2) | 16, 16 10> 104 10® 108 10" 102 10" 10'%  10'®
1 absent (15,1,1) 45 E (GeV)
1016f
Allowed configurations
1014f
= 3-0 range for o
2
g 1010f
forbidden by
V. DeRomeri, M.Hirsch, MM, L.Reichert 8 the hierarchy
Phys.Rev. D 84,053012 (2011) o of intermediate scales
\ \ \ \ \ \ \
10* 10° 10 10'° 10" 10" 10
vg (GeV)
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Example: sliding Pati-Salam & LR scales

I LE = (m% — m%)/Mf
EU QF = (m%2 - m%)/]\il2
g DL = (m% — m2)/M?
E = (m[) mf,)/ 1
= QU = (m%2 — m%)/Mf

0’ ~ | | | |

10% 106 108 101 1012 10
UR [GGV]
V. DeRomeri, M.Hirsch, MM, L.Reichert
PS scale from 10% GeV to 10'® GeV Phys.Rev. D 84,053012 (201 1)
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Example: sliding Pati-Salam & LR scales

I LE = (m% — 777,2]3)/]\412
.‘EU QF = (m%2 - m%)/]\il2
g DL = (m% — m2)/M?
E = (m[) mf,)/ 1
= QU = (m%2 — m%)/]\fl2

1 . mmam==zz=2S == mSUGRA+LR band

------

-
Py
,4'
L .
e®
A d
A d
A d
L d
L d
*

| | |
10* 106 10% 1010 1012 1014
UR [GGV]

V. DeRomeri, M.Hirsch, MM, L.Reichert
PS scale from 10% GeV to 10'® GeV Phys.Rev. D 84,053012 (201 1)
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Anti-example: sliding U(1)r x U(|)gL

minimally finetuned setting with a pair of Abelian factors 32' 32" 322! SO(IO)
# | 3.2p1p15-1 | 3:202r15—1 | SO(10) 6oL
31 (3,2,0,+3) | (3,2,1,41) | 16 T
g |3 |GLEL-D| B12-1) | 16 5 |
s | 3| (1,2,0,-1) | (1,2,1,-1) 16 i
= |3 (1,1, 41, +1) | (1,1,2,+1) 16 E
3 (1,1,0,0) (1,1,1,0) 1
2 | (1,2,£1,0) (1,2,2,0) 10 : : ;
‘tgg 1 absent (1,1,3,0) 45 o S
T |1 absent (1,2,1,+£1) | 16, 16 e | | \ L
1 (1,1,1%,;1) (1,1,2,¥1) 16, 16 102 10*  10° 10% 10" 102 10" 10 108

E (GeV)
MM, J. C. Romao, and J.W. F Valle
Phys. Rev. Lett. 95, 161801 (2005)
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Anti-example: sliding U(1)r x U(|)gL

minimally finetuned setting with a pair of Abelian factors 32' 32" 322! SO(IO)
# | 3.2p1p15-1 | 3:202r15—1 | SO(10) 6oL
31 (3,2,0,+3) | (3,2,1,41) | 16 \
g |3 |GLEL-D| B12-1) | 16 5 |
s | 3| (1,2,0,-1) | (1,2,1,-1) 16 i
= |3 (1,1, 41, +1) | (1,1,2,+1) 16 E
3 (1,1,0,0) (1,1,1,0) 1
2 | (1,2,£1,0) (1,2,2,0) 10 : : ;
‘tgg 1 absent (1,1,3,0) 45 o S
T |1 absent (1,2,1,+£1) | 16, 16 e | | \ L
1 (1,1,1%,;1) (1,1,2,¥1) 16, 16 102 10*  10° 10% 10" 102 10" 10 108

E (GeV)
MM, J. C. Romao, and J.W. F Valle
Phys. Rev. Lett. 95, 161801 (2005)
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Anti-example: sliding U(1)r x U(|)gL

minimally finetuned setting with a pair of Abelian factors 32' 32' | 322! SO( 10)
# | 3.2r1plp_1 | 3.21.2rlp_1 | SO(10) 6oL
3 (3,2,0,+3) | (3,2,1,43) 16 T diagonal
< - 11 1 o | R x B-L alphas
o | 3| (3 1,£L -4 (3,1,2,-1 16 o :
b S ° 40 sliding RxBL scale
f 3 (172707_]-) (172717_]-) 16 B 0 *"'é """"""""
3| (1,1,£3,+1) | (1,1,2,+1) 16 e o -
3 (1,1,0,0) (1,1,1,0) 1 200
2 | (1,2,£1,0) (1,2,2,0) 10 5 5 “off-diagonal” 5
‘tgg 1 absent (1,1,3,0) 45 or R x B-l alphas # :
T |1 absent (1,2,1,+1) | 16, 16 AN | | | N
1| (1,1, i%, 1) | (1,1,2,5F1) 16, 16 o> 10* 10° 10% 10" 102 10" 10 108

E (GeV)
MM, J. C. Romao, and J.W. F Valle
Phys. Rev. Lett. 95, 161801 (2005)

The U(l) mixing is important here!

B. Holdom, F. del Aguila, G.D. Coughlan, M. Quiros
et al.in 1980’s
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Anti-example: sliding U(1)r x U(|)gL

minimally finetuned setting with a pair of Abelian factors 32' 32' | 322! SO(IO)
# | 3.201plp_1 | 3.202r15_1 | SO(10) 6oL |
3 (3,2,0, +1) (3 2,1,+ ) 16 \ diagonal
C o | R x B-L alphas
g |3 3, 1,£3, -1 | (3,1,2,-3) 16 ol
= | 3] (1,2,0,-1) | (1,2,1,-1) 16 @B DTERTS LT
= | (1,1,+4,4+1) | (1,1,2,+1) 16 s
3 (1,1,0,0) (1,1,1,0) 1 201
2 | (1,2,£1,0) (1,2,2,0) 10 5 5 “off-diagonal” :
‘tgg 1 absent (1,1,3,0) 45 0 R x B-L alphas _
T |1 absent (1,2,1,4+1) | 16, 16 A | | | R
1| (1,1,+£L,F1) | (1,1,2,F1) | T6, 16 o> 10* 10°® 10% 10" 10" 10" 10 10'®
’ - 29 ) o <y ’

E (GeV)
MM, J. C. Romao, and J.W. F Valle
Phys. Rev. Lett. 95, 161801 (2005)

The U(l) mixing is important here!

B. Holdom, F. del Aguila, G.D. Coughlan, M. Quiros
et al.in 1980’s

M.E. Machacek, M.T.Vaughn, Nucl. Phys. B 222 (1983) etc.

R. Fonseca, MM, WV. Porod, and F. Staub
Nucl.Phys. B 854 (2012) 28
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Anti-example: sliding U(1)r x U(|)gL

minimally finetuned setting with a pair of Abelian factors 32' 3211 322! SO(IO)
# | 3.201plp_1 | 3.202r15_1 | SO(10) 6oL |
3 (3,2,0,+3) | (3,2,1,+%) 16 T diagonal
< - 11 - 1 L 3 R x B-L alphas
8 3 (3717:|:§7_§) (37172a_§) 16 407 f
= | 3| (1,2,0,-1) | (1,2,1,-1) 16 ] tTRIIERIEE L
= 3| (L,1,£5,+1) | (1,1,2,+1) 16 CO 1
3 (1,1,0,0) (1,1,1,0) 1 201
2 | (1,2,£1,0) (1,2,2,0) 10 : : “off-diagonal” :
‘é’-g 1 absent (1,1,3,0) 45 0 R x B-L alphas o
T |1 absent (1,2,1,4+1) | 16, 16 A | | | R
1| (1,1,+L 51 | (1,1,2,F1) 16. 16 0> 10*  10° 108 10" 102 10 10 10™
’ Y =90 ) -y Sy ’ E (GeV)
MM, J. C. Romao, and J.W. F-Valle 1016*
Phys. Rev. Lett. 95, 161801 (2005) : /

The U(I) mixing is important here! 3-0 range for (g

vg (GeV)
S
~
\

B. Holdom, F. del Aguila, G.D. Coughlan, M. Quiros .
et al.in 1980’s Allowed configurations of

103- 3221 and BL breaking scales
M.E. Machacek, M.T.Vaughn, Nucl. Phys. B 222 (1983) etc.

R. Fonseca, MM, W. Porod, and F. Staub 102- | | | |

Nucl.Phys. B 854 (2012) 28 00 106 108 100 102 104 108
vp-1, (GeV)

forbidden
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Invariants

Michal Malinsky, IFIC Valencia

1.80,

1.50.

Anti-example: sliding U(1)r x U(|)gL

1.75

virtually flat - residual RG effects
screened by large QCD contributions

1.70¢
1.65

1.60

1.55

The only invariant marginally

sensitive to B-L scale K )
| | | | | | "
10 10° 10® 1010 1012 1014 1016
UBI, [GGV]

sliding U(1)r x U(1)gL

Low-energy imprints of extended gauge symmetries
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The spectra

CMSSM, U(1)? low-scale LR Intermediate PS
o0 —/
600 strongly compressed
< scalar spectrum
% M mQ . my l
g . Myge ~~ md'c . Mege D e
& .
400
200

The MSSM soft squark and slepton spectra calculated for the SPS3
point (mg = 90GeV, M, = 400GeV ) and vg = 10°GeV.
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Few remarks

* Softs reconstruction is not straightforward - further inputs needed

* Sleptons and gauginos (if not too heavy) @ ILC - fantastic precision

* Squarks may be too heavy for ILC, be happy with LHC (if seen)

- long decay chains can be very helpful (few percent precision)

G — Xoq, X9 — [TIT — 1F1Fx]
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Few remarks

* Softs reconstruction is not straightforward - further inputs needed

* Sleptons and gauginos (if not too heavy) @ ILC - fantastic precision

* Squarks may be too heavy for ILC, be happy with LHC (if seen)

- long decay chains can be very helpful (few percent precision)

G — Xoq, X9 — [TIT — 1F1Fx]

* Disclaimer: it is extremely difficult to do all this in full glory!!!
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