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The ALEPH data

From A. Heister, "Observation of an excess at 30 GeV in the opposite sign di-muon
spectra of Z — bb 4+ X events by the ALEPH detector at LEP”, arXiv:1610.06536
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spectra of Z — bb 4+ X events by the ALEPH detector at LEP”, arXiv:1610.06536

) ALEPH archived data: u*w

—
o
)

=>
o}
O}
~—
~
2
C
o
>
L

30 35 40 45 50
m [GeV]

opposite-sign M,

NO MC reproduces this excess!

° ALEPH archived data: uu (SS)

- b events

ds

Evenlg, /1 GeV
=3

same-sign M,

(from arXiv:1610.06536)
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ALEPH archived data: u*u’
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Signal + background model used fo extract

signal parameters (from arXiv:1610.06536)

32 = 11 events, significance ~ 3 o (from statistical tools)
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ALEPH archived data: u*u’

(@)

signal+background

Events / 1 GeV
(@)

background only

signal

40 45 50
m [GeV]

Signal + background model used fo extract

signal parameters (from arXiv:1610.06536)

32 = 11 events, significance ~ 3o

Natural width is (1.78 £+ 1.14) GeV, IOW,
consistent with zero (again, see 1610.06536)
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ALEPH archived data: u*u’
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signal+background
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background only
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Signal + background model used fo extract

signal parameters (from arXiv:1610.06536)

32 = 11 events, significance ~ 3o
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p~angular distribution in dimuon rest frame (from arxiv:1610.06536)
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M,+,- = (30.40 & 3.85) GeV M,+, =15 — 50 GeV

excluding signal region

The “horns” at cos8* = +1 are mostly b — cuv




There is a weak (~1-sigma) e+e- near 30 GeV.

I'm going to Fuhgeddaboutit.



Finally, inverting the b-tag shows no evidence

of a dimuon excess near 30 GeV:
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==> Hypothesis: The dimuon excess near 30 GeV is
associated with Z-decays and pb production.




The 2HDM model

Impose softly-broken U(1)4 symmetry: (Yew = 3)

Yo(o1) =0, Yy(p2) = 1;

Ys(qre) = Yy ( Y ) = Yy(urk) = Yp(dre) =05 (k=1,2,3)



Impose softly-broken U(1), symmetry:

Yo(o1) =0, Yy(p2) = 1;

Yo(qre) = Yy ( b ) = Yy(urk) = Yy (drr) = 0;

Yo(Lik) = Yo ( i ) =35 Yo(lre) = —3;
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(Yew = 3)
(7 2 3)
(k =1, 2)



Impose softly-broken U(1)4 symmetry: (Yew = 3)

Yo(o1) =0, Yy(p2) = 1;

Ys(qre) = Yy ( Y ) = Yy(urk) = Yp(dre) =05 (k=1,2,3)

Yy(Lrs) = Yo (lrs) =
to maintain:
o ¢10 = H(125) with =2 SM couplings
® (20 = h, (a3 = 1na couple to u"'u_, bb (weakly, thru mixing)

o gb;t ~ h+ couple to ,uil/p,
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Impose softly-broken U(1), symmetry: (Yew —

D | =
N,

Yo(o1) =0, Yy(p2) = 1;

Ys(qre) = Yy ( Y ) = Yy(urk) = Yp(dre) =05 (k=1,2,3)

Yyo(Lrk) = Yy ( e w ) =2, Yo(lplve — o (k=1,2)
Ys(Lrs) = Yy(Lr3) =

Vg1, 02) = —p2 dlopy ~ p2 obhs — 12 (0 i@ X, (0! p1)>
FA2(Ph2)? + 223(d) 1) (Phd2) + 2Xa(B) d2) (Ph1) -

1 0
(Pi)o = E ( " ) for “%,2,3 >0, A12 >0, Az 4 real.



The 2HDM masses

CP-even:
£ A 02 —p2 4+ 2(A3 + Aq)v1v
M2 s [,l/3’l]2/’01—|—2 1Y4 [1'3 3 4 1 V2
(¢10, ¢20) ( — 3 + 2(A3 + Ag)v1v2 p2 vy /va + 2X203 :
H = ¢p1gcosa + ¢pzpgsinax, h = —dip9sina + ¢ogcos a,

2(2(A3 + A\q)viv2 — u?,) i
pi (v /vy — v1/v3) + 2(A1v7 — Ayv3) ’

where tan2a =



CP-even:

< 2\ v2 —p2 4+ 2(A3 + Aq)v1v
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CP-even:
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CP-odd:

A = @13€c083 + ¢P23sinB, Na = Q13sin@ — P23 cos,

U2
where tan (3 = — ;
U1
2 2 2l
gl Mo iy “3v1v2 .
Charged:
™t = ¢ cosB+ ¢p3 sinB, h* = ¢7 sinf83 — ¢p3 cos 3,




The 2HDM interactions

Leptons:

mgk
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The 2HDM interactions

Leptons:
T, A : y
Ly = Z Ek[v51n,8—|—H51na—|—hcosa—znAcos,B'yg,] L
v sin 3
Lr—=¢e.n
m. .
T|vcos B+ Hcosa — hsina + i1 sin Bvs] T
V COS
2 cot 2m- ta
+hT Z Vi F Vi, LkR v2 i 21 Tr| + h.c.
" v v

N.B.: These interactions induce no
detectable charged-lepton flavor violation!
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EW bosons:

Low —i & {(h cos(B — a) — Hsin(8 — o)) Hj"?A} zZ"
sin 260w,

e

{(WA + thcos(8 — a) FiHsin(8 — o)) HL) hi} WT K

2 sin Ow,

p) 2 2
{ i zZ*Z, 4 a W"'“’W_} [H cos(B — o) + hsin(8 — a)] .
sin” 20w sin” O &



The two options

To be close to SM and consistent with LHC H-data require:

e small a for weak @19 — P29 mixing

e small 3 for weak mq4 — N4 mixing

$0...

O fv2§fvf >>fv§

® (12 — 221v1v2)% > 8(A1 A2 — (A3 + Ag)?)v5



The two options

To be close to SM and consistent with LHC H-data require:

e small a for weak @19 — P29 mixing

e small 3 for weak mq4 — N4 mixing

S max(2A1v%, piv?/vivs)
— M?2(H,h)
min(2\1v%, psv?/vi1v2)

i.e., either
(1) Me = 2X 0 and M M,,?A >~ 12v? [v1vo

or
(2) MIZ—I — Mng 2 ugfvz/vlvz and MZ s 2)\1’1)2



Option 1:
Z — hna — pp~ bb plus “Higgsstrahlung” :

Z — Z*h with Z#%%8 bb. h — pliy

or Z — bb with b(b) — b(b) + h/na — b(b)

Option 2:

Higgsstrahlung only, with O0" )
contribution to Z — bb + dimuon.



So, only option 1 is available:

B(Z — hna — bbuTp™) = B(Z — hna) [B(h — bb)B(na — ptp™) + (h < 14)]

where
20\ PP

B(Z — h =
( ) 3M2 sin® 20y T 7

cos?(8 — a)

= 0.0141 cos*(8 — a) for My = M,,, = 30 GeV



So, only option 1 is available:

B(Z — hna — bbuTp™) = B(Z — hna) [B(h — bb)B(na — ptp™) + (h < 14)]

where
2agn PP
3M?2 sin” 20w T

B(Z — hna) = cos?(B — a)

= 0.0141 cos*(8 — a) for My = M,,, = 30 GeV

Wait for it!
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But..H — hh, nana, h™h~ ?7?

e Require A4 < 0 so that
Mp+ > 2+ Mz = 63 GeV or
Mh:I: i (M[lﬂ:)limit = 95 GeV

e Require |A3 + A\4| < 5.44 x 107°
so that I'(H — hh), I'(H — nana) < z MeV



But..H — hh, nana, h™h~ ?7?

e Require A4 < 0 so that
Mp+ > 2+ Mz = 63 GeV or
Mh:I: i (M[lﬂ:)limit = 95 GeV

e Require |A3 + A\4| < 5.44 x 107°
so that I'(H — hh), I'(H — nana) < z MeV

(Yes, its fine tuning, but who cares?)



The predictions

Tables’ inputs:

o My, =30GeV, My =125GeV, M,+ = 65 GeV
o Ay—=(M_ =M )/ v — B 10

e )3+ =-3.00x10
results insensitive to |Ag + A4| < 5 X 1077,



vo (GeV) 6. 8} p (GeV?) ‘ A1 Ao
10 0.04066 -0.348 x 1072  36.6 0.1293  0.833 x 10~ 4
12.5 0.05084 | -0.435 x 10~ 2 45.7 0.1294 0.833 x 102
15 0.06101 -0.522 x 102 54.8 0.1295 0.833 x 102
20 0.08139 —0.695x1072 729 0.1299 0.832 x 10~ 2




vo (GeV)

B(h — pp™)

B(h — bb)B(na — ptp”)

B(na — bb)B(Z — bbuu)

10 09999 0.444 x 10~% 0.9923 0.667 X 10720.950 x 104
12.5 09998 1.085 x 10~% 0.98l4 [1.613 x 10°%2.297 x 10~ *
15 09997 2.249 x 1074 09622 3.286 x 10°%4.673 x 10~ 4
20 09991 17.105 x 10~% 0.8889 9.652 x 10°213.67 x 104




The predictions

1.) The dimuon signal at LEP and LHC will be observed
only in Z-decay and in association with bb.
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1.) The dimuon signal at LEP and LHC will be observed
only in Z-decay and in association with bb.

2.) Signal dimuons will have a common production vertex.
Background dimuons are sl decays, b — cuv,
and do not have a common vertex.

3.) Signal dimuons have an isotropic cos#* distribution.
Its flat shape is modified to an inverted ~parabola
in 0 < 0* < m — 0 when there is a py 2 7GeV
cut on the muons. (6 increases with the pr cut.)
All the signal lies in |cos 0*| < cos 7. (See figures.)
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Pythia 8.2
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—p_. >5GeV
T, u

—_p_ >10GeV
T, u

1/N dN/dcos 6*
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fo unit area!
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Delphes Fast Simulation
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LHC 8 TeV collision energy Tu
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5 Low-pT muons have
-1 -08-06-04-02 0 02 04 06 08 1 . g
cos 6* (1) large rapidity & escape

Lose backward-going
muons for h at 90° —— LHOb no out

LHCbp  >20GeV
LHC 8 TeV collision energy Tu

——— CMS no cut
CMS p. > 20 GeV
S H

1/N dN/dcos 6*

- ATLAS no cut
ATLAS p. > 20 Ge
0

cos 0* (u)



more predictions

4.) Signal dimuons will not have a strong tendency
to follow b-jets (in conflict with ALEPH data).
But, at the LHC, the Z-boost makes muons < isolated.
Use pr(Z) > 30 GeV for more muon isolation.
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4.) Signal dimuons will not have a strong tendency

to follow b-jets (in conflict with ALEPH data).
But, at the LHC, the Z-boost makes muons < isolated.
Use pr(Z) > 30 GeV for more muon isolation.

5.) Mz, in the dimuon signal region will show
an excess near M, ,, nominally 30 GeV.

(VERY difficult to change M, , in the model!)

6.) Charged h™ — u*v, and M+ 2 My /2.
Most readily sought in v*, Z* — hth~ and W* — hh*.

7.) There will be no observable
30 GeV excess in Z — bbete .

8.) And no H(125) — utu~ if (a/8)? K 1.



The fly in the ointment

(what you waited for!)




The fly in the ointment

Bh—pTp~ )2 B(na—pp )21
B(Z — hna) = 0.014 cos?(B8 — a) with B, o small

—> B(Z — hna — 4p) = 0.014



The fly in the ointment

Bh—pTp~ )2 B(na—pp )21
B(Z — hna) = 0.014 cos?(B8 — a) with B, o small

—> B(Z — hna — 4u) = 0.014

3300 times measured B(Z — 4u) = 4.2 x 10~ °!!



Dead flies cause the ointment of the
icary to send forth a stinking savour: so
e folly him that is in reputation for
L honour. Ecclesiastes 10: 1
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Some things we ftried:

1.) Cannot raise M, , or alter
(B(h = pTpu~)B(na — bb) x cos? a/ cos? 3
nor B(h — bb)B(na — ptpu~) x sin® a/sin” B
without ruining H-signal strengths
and /or greatly increasing B(H — hh, nana).




Some things we ftried:

1.) Cannot raise M, , or alter
(B(h = pTpu~)B(na — bb) x cos? a/ cos? 3
nor B(h — bb)B(na — ptpu~) x sin® a/sin” B
without ruining H-signal strengths
and /or greatly increasing B(H — hh, nana).

2.) Use the Branco-Grimus-Lavoura (BGL)
mechanism to dilute B(h,na — pTpn™).

Heres what we tried for BGL...



BGL: Allow FCNC in 3rd generation
of up or down-Yukawas; 4 possibilities:

FCNC:
00 0 X
I‘guord) s 0 #0510 : I‘guord) i >
Xa X X 0
(or 1 <-> 2)
no FCNC:
0 00 X
I1§doru) i 070 0 ’ I-\gdoru) il %
07 0 X 0

for 1'¢<=> 2)

S X X

S X s

S X X

O .

)



1.) Interchanging FCNC I'; < I'; fails
for u-textures:

Lhnatt/UEEe =~ cot 8 = h,ma — gg (!!)

for d-textur_es:
B(h9 nNa — bb)/B(hv A — N_l_“_) z 3(mb/mu)2
kills ALEPH signal!



1.)

Interchanging FCNC I'; <& I's fails
for u-textures:

Lhnatt/UEEe =~ cot 8 = h,ma — gg (!!)

for d-textur_es:
B(h9 nNa — bb)/B(hv A — N_l_“_) z 3(mb/mu)2
kills ALEPH signal!

For displayed FCNC textures in u-sector:
B(h,na — ¢c) ~ 0.99 >> B(h,ma — p"u"; bb)
inconsistent with no signal in inverted b-tag data;

in d-sector: B(Bg,s — puTp~) & 107 Xexperiment.



1.)

Interchanging FCNC I'; <& I's fails
for u-textures:

Ly, naie/ L ate == cot @— h s = gg (1)
for d-textures:

B(h,na — Eb)/B(hv A N_l_“_) 2w 3(mb/mu)2
kills ALEPH signal!

For displayed FCNC textures in u-sector:
B(h,na — ¢c) ~ 0.99 >> B(h,ma — p"u"; bb)
inconsistent with no signal in inverted b-tag data;

in d-sector: B(Bg,s — puTp~) & 107 Xexperiment.

A no-go theorem?
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A challenge fto theorists —
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bj to KL (SLAC, 1977):

There are no no-go theorems!

A challenge to theorists to
repeal and replace this model...

Especially if the dimuon is also
seen in ATLAS, CMS, LHCDb, L3...



