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Why study taus?

Tests of SM

*3rd generation lepton, largest lepton Yukawa
*Couples more strongly to electroweak symmetry
breaking

Sizable branching ratio of nggs

*VBF with H>tau tau ™ — \ =
*[epton universality |
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Why study taus?

Search for BSM physics

°In 2HDM, at large tan beta, can have enhanced couplings
to down quark and leptons

o [ _ +E,

*3rd generation leptoquarks 1.Q — b

*|Insight into flavour puzzle

*Stau NLSP in some regions of SUSY, tau rich events




Why study taus?

Because we can!

Limit on tan § vs. m,
CMS Preliminary 36 pb* 7TeV
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A model where taus are even more
important
A new phase of an old model?

*MSSM review

eThe MSSM at and near tan 3 = oc
*Loop generated masses
*Collider phenomenology

A taste of flavour

*Conclusions
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Fermion masses in the SM

*SM fermions are chiral
*Higgs couplings responsible for all fermion masses

yitrtr,h + ybbRbLh* + ...

*Yukawa’s have large hierarchies, and strange patterns
*At the weak scale
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MSSM

* Anomalies require two Higgs (Higgsino) doublets

1 1
H,: (1,2 = Hg: (1,2, —=
2 2

SM fermions and MSSM sfermions:

1 _ 2 _ 1 1
| 3,2, = C: 1,——= ) D°: l,-| L:(1,2,—=) E°:(1,1,1
Q ( 6) U (37 9 3> (37 73> ( y H 2) ( )

*Holomorphy forces a Type-ll 2HDM i.e. one Higgs (H,)
couples only to up-type quarks and one (H,) only
couples to down-type quarks and leptons




MSSM
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*Holomorphy forces a Type-ll 2HDM i.e. one Higgs (H,)
couples only to up-type quarks and one (H,) only
couples to down-type quarks and leptons

W=y 0 HQ — ya dH,Q — y L+ p L,
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2HDM

Uy
At tree level can define tang = -
d
The MSSM Yukawa couplings
yMSSM _ v yMSSM _ ya
: sin g cos [3

Ratios of Yukawas (in each sector) in MSSM same as in SM

Usually perturbativity [y, < O(1)] places a constraint on yb:

tan 6 SJ 50 — 60 [except Hamzaoui and Pospelov]

Thursday, April 7, 2011



2HDM

Uy
At tree level can define tang = -
d
The MSSM Yukawa couplings
yMSSM _ v yMSSM _ ya
: sin ¢ cos [3

Ratios of Yukawas (in each sector) in MSSM same as in SM

Usually perturbativity [y, < O(1)] places a constraint on yb:
tan 6 SJ 50 — 60 [except Hamzaoui and Pospelov]

| wish to consider the case of tan 8 ~ o¢
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2HDM in MSSM
Assign R-charges

AN

R[H,, 0,4, ¢ = 0 and R[H,,d°, ] = 2

Tree-level Higgs potential is (no B, term)

/2 2

2
(Il + m3, ) [P+ (|l + midy,) | Hal*+ o ([Hu[* = \Hd|2)2+% HIT"H,+ HjT"H,

A A
Myo = =2 (|ul* +my,) = M
Mo = M3o = 2|p|* +mj;, +m7;,
<0 > () M = Mio + My,

Only H, gets a vev: tan = oo
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Conclusions

My model predicts that all fermions other than up, charm
and top are massless
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Conclusions ¢

My model predicts that all fermions other than up, charm
and top are massless

Thursday, April 7, 2011



?

Conclusions ¢

My model predicts that all fermions other than up, charm
and top are massless

This is a tree-level statement
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Conclusions ¢

My model predicts that all fermions other than up, charm
and top are massless

This is a tree-level statement

Furthermore.......
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Down-type fermion masses
W =y, 0°H,Q — yad°HyQ — ye ¢“HyL + pn H,H,
All chiral symmetries explicitly broken by superpotential
U(3)° = U(l)g xU(1)y

Once SUSY is broken can generate new “wrong-type”
Yu I(awas [Hall, Rattazzi, Sarid; Haber and Mason;.....]

—y, d°H'Q — y,e“HL + H.c.

Loop generation of masses (a short domino)

[Dobrescu and PJF; Graham and Rajendran]
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Uplifted Higgs couplings

g(B) ..
/ﬁ\\ Finite loop
Q qQ , 4 &
. H,

F(xvy) —

22y (y2 Iny x° 1nx>

x> —y? \1—9y? 1—2x?

0< F(x,y) <1
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Uplifted Higgs couplings

—SUSY breaking
(B) o
Finite loop
Q@ 0 rod -
T _F) = yad°Q+yee°L — pd,
| H,
yh = — dzas | (M§ MJ)
d = - RV
3m M ; M(O2 MQ
Flz.y) 2zy  (y*lny 2lnw
x,Y) =
/ x> —y? \1—9y? 1—2x?

0< F(x,y) <1
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Uplifted Higgs couplings

—SUSY breaking
9(B) ..
Finite loop

—
Q @ N\ @ d* T L N
. —Fy, = Yad°Q +ye "L — pH,
|

H,

Lagrangian parameter

l 20x, M\F(Mé Md‘)

Yd .
37T MJ MQ MQ

Effective Yukawa

\y

/ —
q=

F(xvy) —

22y (y2 Iny x° 1nx>

x> —y? \1—9y? 1—2x?

0< F(x,y) <1
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Uplifted Higgs couplings

dC

Down-type quarks
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Loop corrections to tan 3

Once SUSY is broken B, generated at one loop

H<> “u oo d i
T i og divergen
0, h, 0o T,
30 2
ap | 3 o 1 o
b = Mg Gl M e+ MG Mg)e 2]
%% %%
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Loop corrections to tan (3

v 1
—~ =tanf ~ — M3, [1 + O(1/ tan 6)] > 1
Vg 0]
A =100 TeV
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250 M 40 = 300 GeV ~
200 -
tan S 150}
100 -
50 -
O;lxxxxlx11xl111111111111111111111111
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i
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Tau mass

T ~c
// \\ // \\
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7 AN 7 AN
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Tau mass

With tan 3 # oo

Yr

20

tan 3 = 200
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Bottom quark mass

Yd i(6,—0,) 2|p)
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Bottom quark mass

4»_/&(3)\_‘7 /”>"Q\
-——> -7 ----- > '/<X> , <~X :,\ <
Q Q 4 d° Q W(B) , H, Hy &
H, \H,
Q Hy H,y B a
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(0 —0
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Bottom quark mass

1y YA 0w —6,) iF My, |p X
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Bottom quark mass

20

tan 8 = 200

\

/M,
(lgnoring A-terms)
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Bottom quark mass

tan 8 = 200

\
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Uplifted Higgses o (M2

1 2
Mio — M%) — [1 + O(1/ tan 5)]

Higgs (") that couples to WW mainly in H,

4M=
(Mf10 — M%) tan?(3

Mz, ~ M (1 ) + A(M%)

Heavy Higgses (4% HY, H™) in Hy

Mo ~ Mo | 1+ AMy
oA (M2, — M2) tan®3

MIQJi — Mjo + Mgv
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Uplifted Higgses

*Couplings of heavy Higgses larger than in MSSM
* Width of heavy Higgses go up
*Branching ratios and production altered

1 .
Yoo = ——— (ypcosa + 7, sina) ~ —

E)
V2

N

L ' Yo
yﬁxo = yl}{_ — ﬁ (ybsmﬁ—yl’)cosﬁ) ~ ﬁ

yzo = % (yp Sin @ — gy, cos ) & —\}5 [tayrfﬁ (%22 j%g) —I—y{)] [1 —I—O(l/tan2ﬁ)}
yQ
B(HY A° — 77 77) =~ 5 ~ 30% — 80%
Y- T Syb

cf. usual MSSM/2HDM ~10%
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Uplifted Higgses

*Couplings of heavy Higgses larger than in MSSM
* Width of heavy Higgses go up
*Branching ratios and production altered
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Uplifted Higgses at hadronic machines

*Production of heavy Higgses through gluon fusion with b
loops and in association with b’s increases.
*Decays to taus can dominate

1000 gg— I I n I g
i\ A o(pp — Pbb) [pb] E
B :'\\\\ \/g == 14 TeV T
ok i . | g osoooooo H°, A°
s H N ]
- \\\ - R
- \\\ ] T
1E my(Me) \ \ =
: MRST \\ ] g AR EEEER
tan 8 = 30 N\ \
01 LL—1 | | | LN b
100 130 200 300 500 700 100!
Mq> [GGV]
usual MSSM

A. Djouadi, hep-ph/0503173
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Uplifted Higgses at hadronic machines

m

2
BAY = puTp™) ~ m—gB(AO—>T+T_) ~ 0.1 — 0.3%
T

pp—>bb HY(AY) 5 bb 7t (up), Vs =10TeV
-K ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T
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Uplifted Higgses at hadronic machines

Gluon fusion with tau/muon final state

g
HO, AO
b and b loops = \? “““
g

Charged Higgs

™ (u')

T (1)
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A taste of uplifted flavour

2
BR(B™ — 77v) Ronpm = (1 — tan” § i )

B BR(BT — 7Tv)sum M+

Rate in MSSM is reduced relative to SM
Observation is above SM expectation
Strong bounds on charged Higgs

BR(BT — 77v)gym = (0.80 £ 0.12) x 107*

BR(B" — 710) e = (1.73£0.35) x 107*
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A taste of uplifted flavour

Yo X Yr
2
BR(B™ — 77v) Roupm = (1 )
m

B BR(BT — 7v)sm H+

Rate in MSSM is reduced relative to SM
Observation is above SM expectation
Strong bounds on charged Higgs

BR(BT — 77v)gym = (0.80 £ 0.12) x 107*

BR(B" — 710) e = (1.73£0.35) x 107*

Uplifted “separates’” Yukawa couplings from masses, extra
phases that enter. Has potential to allow NP to
constructively interfere
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Conclusions
tan 3

1 ~ 90
Usual MSSM Uplifted MSSM

*Down-type fermion masses generated at one loop by
fields of MSSM

*Ratios of Yukawas not as in MSSM

* tan § a potentially confusing parameter

*Higgs production at hadronic machines increased
*Decays to taus dominate

*Easier to find the heavy Higgses

Flavour violation in processes involving the third gen.
Explanation of PAMELA excess? (ko Freese, Gondolol
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Formulae
Uplifted lepton coupling

| 3 M.~ i(0p—0w) M -
yé—wez(ewe“){—}?< W W) | € {—F( B W)

2 IRV 2 M-
8T sy \Mj; M; Ciy M;  M;

cop(Ms el | 2kl (Mg M
M:  Ms)  M: \M;’ M;
Uplifted down-quark coupling
M; M;\ «ael%5=%) [(Mz M;
CVSF <MQ’ MQ> * 24(3‘2/‘/ d Méj M@
N YA oy ) 3 Myl e (M | Mg |
Wi = g™ ){S%VF<MZ’ MQ> e, F<M§ M@> e (Mj Md)] }

(y)a = 22 =it oo T8 L
167 M@ MQ MQ
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(yd)F 37T€ MOZ
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