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Parameter Value | Error
# signal events a2.51 | = 10.87
# background events (overall) | 1457.06 | £ 89.71
mass [GeV| 30.40 | £ 0.46
width (Breit-Wigner) [GeV| 1.78 | &+ 1.14
width (Gaussian) |GeV] 0.74 | £ 0.10
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 re-analyze the archived ALEPH data at the Z resonance

» dimuon excess observed in Z — bb x* 1~ at my = 30.40 GeV

e significance = 2.60

Br(Z — bbu*p~) ~ 1.1 %107
[iot(X) = (L.78 £ 1.14) GeV




min angle (muon, leading jet) []

Minimum angle of b jet and u

& ALEPH archived data: g

n

# entries

angle (other pair: muon, leading jet) []

40
35
30

25

20F
15E

10E

C &

E ] - = ] ®  ALEPH archived data: p"y l

-t e

= -. " .

3 — 4
=3
— 2

o 5 - : o 40 45 50 0

o Left: the minimum angle between a muon and the leading b jet < 15°

 Right: the angle of the other muon-jet combination is in the range of

5°and 20 °

# entries



Relative P+ of closest u-jet pair
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Short summary

» The distribution of dimuon invariant mass seems to imply a resonance X
at 30 GeV with 2.60 significance

BR(Z ->bbu i)~107°

I'(Z >bbu u)~1.7 GeV

* But, some kinematical distributions disfavor the resonance
Interpretation of the excess

» We assume the resonance interpretation and find its implication to the
LHC phenomenology in a few simplified models



Simplified Model |
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» Assume X (=s,a,V,A) couples with b and u
« X decays into a bb or x*u pair
'Y ~ 1 GeV for g7 ~ 0.5 or (ﬂf ~ 0.6
 but may yield large decay widths for Z — 4b, 4
<07 ¢’ <05 from Z—4b

gV <003 from Z—4u inthe UQQ),-U1),



Scalar Mediator Model
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Scalar Mediator Model

Scalar Mediqtqr
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marginally consistent
|_~7 with Ts in the 1o level

IT(Z = bbuw) ~2.7x10™° GeV




Scalar Mediator Model

Scalar Mediator
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Vector Mediator Model
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Vector Mediator Model
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Vector Mediator Model

Vector Mediator
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LHC Phenomenology (vector)

» the models can be constrained by DY, top decay, Z'bb production

Benchmark point 1

gt g |T?(Z — bbup)|L(Z' — bb, up)
0.1 0.1 2.72 x 1077 0.0322
o' (pp) [ 2 (up) [T (¢ — bW Z')| o(pp — bbZ") | Br(Z' — pp)
714.5/55.8 pb  [1.267 x 107%|  136.1 pb 0.25
Benchmark point II
g g [ (Z — bbup)|T(Z" — bb, )
0.7 0.1 3.036 x 1077 1.19
o () o (up) Dt — DW Z')| a(pp — bbZ') | Br(Z' — pp)
020.5/71.1 pb 0.0062 6645 pb 0.0068
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LHC Phenomenology (vector)

» the models can be constrained by DY, top decay, Z'bb production

Benchmark point 1

g gi  |[T7(Z — Bbup)|[D(Z" — bb, pup)
0.1 0.1 2.72 x 1075 0.0322
o () [ () |T (8 — bW Z')| a(pp — bbZ') | Br(Z' — pp)
714.5/55.8 pb | 1.267 x 107%|  136.1 pb 0.25

Benchmark point II

Q’E‘?r gfr r (Z — bbup)|T(Z" — bb, )
0.7 0.1 3.036 x 10~ 1.19
o3 (up) [ (up) T (¢ — bW Z')| o(pp — bbZ') | Br(Z' — pp)
020.5/71.1 pb 0.0062 6645 pb 0.0068

* too large Drell-Yan production cross section excludes this type of
models

« similar features in the scalar, pseudoscalar, and axial-vector models.



Simplified Model 11

One way to avoid large DY cross
section is to make Z' decouple
from bb and introduce a new
vectorlike down-type quark B

ysin20p -
gw sIn 20y, Z,by" P, B + h.c.

_ -
[ QL Z; iyPp + g.GeBA* T B — 5 ggZ;b‘}-pB -+ Lo

« Z'decay: only Z'— uu is allowed kinematically by assuming m; > m,,

e g, isirrelevant to I'(Z — bbuu) and is taken to be 0.01
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Simplified Model 11
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Bench Mark Points (Model I1)

» the models can be constrained by BB, bB, gB production at the LHC

Benchmark point III

g mg % (Z — bbup)| I'(B — bZ")

0.7 110 GeV 2.75 x 1072 3.4 GeV
Br(B — bZ")|c'*(BB)/c®(BB)|c'3(bB)/o%(bB)|c'3(¢B) /0% (¢B)

1.0 3942/1203 pb | 1.68/0.89 pb | 7.49/3.2 pb

Benchmark point IV

a mp % (Z — bbup) | T(B — bZ")

2.0 180 2.35 x 1075 GeV| 124.4 GeV
Br(B — bZ')|c'*(BB)/e®(BB)| ¢'*(bB)/o®(bB) |c*(¢B)/o®(¢B)

1.0 391/120 pb 0.21/0.1 pb 4.24/1.67 pb

* signals would be bb+4u, bb+2u, bj+2u
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Bench Mark Points (Model I1)

» the models can be constrained by BB, bB, gB production at the LHC

Benchmark point III

g mg % (Z — bbup)| I'(B — bZ")

0.7 110 GeV 2.75 x 1072 3.4 GeV
Br(B — bZ")|c'*(BB)/c®(BB)|c'3(bB)/o%(bB)|c'3(¢B) /0% (¢B)

1.0 3942/1203 pb | 1.68/0.89 pb | 7.49/3.2 pb

Benchmark point IV

a mp % (Z — bbup) | T(B — bZ")

2.0 180 2.35 x 1075 GeV| 124.4 GeV
Br(B — bZ')|c'*(BB)/e®(BB)| ¢'*(bB)/o®(bB) |c*(¢B)/o®(¢B)

1.0 391/120 pb 0.21/0.1 pb 4.24/1.67 pb

* signals would be bb+4u, bb+2u, bj+2u

e too large BB production cross section (bb+4u) disfavors this model
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Simplified Model 111 (U(1)")

U(1)" could be U(1),-U(1),

A real scalar ¢ is charged
under both U(1), and U(1)’

Dyé = 0,6 — ig1YyBud — igY.Z &

¢

¢ couples with bb via a mixing with H

e mass terms in the interaction eigenstates with g,, g, g9’ for U(1),,
SU(2),, U1y

2 y2 272, 2 -9
9i% + gVl —gas 919 Y, Y03

Mg = —991% 7>y 0
919’ YsY 02 0 gf?}jfz:g
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Simplified Model 111 (U(1)")

U(1)" could be U(1),-U(1),

A real scalar ¢ is charged
under both U(1), and U(1)’

D, = 0,0 —ig1YsBuod — z'g;};Z;;b

¢ couples with bb via a mixing with H

e mass terms in the interaction eigenstates with g,, g, g9’ for U(1),,
SU(2),, U1y

22 2v72. .2 2 AT P
915 +91Y5v5 —991% 919'YsY vg
¥ 2

2 2 5 32
My = —901% 7>y 0

ng YoV, 0

' m,,
~—m:, V., = Z
2" *J2gY]
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Simplified Model 111 (U(1)")

U(1)" could be U(1),-U(1),

A real scalar ¢ is charged
under both U(1), and U(1)’

D, = 0,0 —ig1YsBuod — z'g;};Z;;b

¢ couples with bb via a mixing with H

e mass terms in the interaction eigenstates with g,, g, g9’ for U(1),,
SU(2),, U1y

2 g5 + 91V ~sing,, <107
My = —901% Y
rxrf D -
q19'YsY/v3 — Y—¢ <3.2x1072g’
¢
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Simplified Model 111 (U(1)")

- U(1)’ could be U(L),-U(1),

A real scalar ¢ is charged
pr under both U(1)y and U(1)’

D, = 0,0 —ig1YsBuod — z'g;};Z;@'?'

¢ couples with bb via a mixing with H

e mass terms in the interaction eigenstates with g,, g, g9’ for U(1),,
SU(2),, U1y

2 g% + Y} ~sind,, <107
My, = —991% Y
rxrf D -
919'YsY vy # Y—¢,£3.2><10 Zg’
¢
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Simplified Model 111 (U(1)")

0 | I7(Z - byp) [GeV]

102 |

10t |

mg [GeV]

* The partial decay width strongly depends on the mass of ¢
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Kinematical distributions
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Kinematical distributions
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* the relative transverse momentum of closest pair has a peak at more
than 5 GeV

» only blue lines has peaks at cos@, ~+1
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Dark matter

* Z' might decay into extra particles or dark matter candidates according
to the model building

« Then some experimental bounds (DY, BB production) might be avoided,
for example, by reducing the branching ratio of Z’ to a muon pair

 However it does not help resolving the problem because it increases
the total decay width of Z’ and we cannot obtain the correct partial Z
decay width

» Kinematical distributions are not affected by the extra decay channels
and disfavor a resonance interpretation of X



Conclusions

* We consider three types of simplified models for a resolution of the
dimuon excess observed in the re-analysis of archived ALEPH data

* One can find the parameter spaces satisfying the ALEPH data, but

* Model | predicts too large Drell-Yan prodcution rate at the LHC

* Model Il predicts too large BB prodcution rate at the LHC

e Model Il might be consistent with LHC data, but we need a large
U(1)' charge for ¢, which means that the model-building is not easy

» Kinematical distributions of the dimuon excess disfavor the
Interpretation of dimuon excess as a resonance



