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Outline

Motivation: Why octet scalars?

* General scalar sector consistent with MFV and — SU(2)¢ symmetry.

Constraints: How light can octet scalars be?

e Our EW precision data fit STUVYWX relevant for light states.
—» Constraints on Octet masses

¢ Direct production at LEP

¢ Implications for the Higgs mass?
— Joint fits of the Higgs and Octets to EWPD

e Tevatron: dijet limits, decays to leptons,”y 7} .

Conclusions
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Early new physics: General Scalar Sector?

Consider a general scalar sector which has potential for early

detection:
* couples to quarks and/or gluons.
* light
e naturally suppresses FCNC
* satisfies precision electroweak measurements.
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Early new physics: Why Octet Scalars?

Consider a general scalar sector which has potential for early

detection:
* couples to quarks and/or gluons.
e light
e naturally suppresses FCNC
* satisfies precision electroweak measurements.

The Approach:
Scalars low energy EFT degrees of freedom
Obeys approximate symmetries :
e Minimal Flavour Violation = naturally suppresses FCNC
e Custodial SU(2)c —>» precision EW measurements.
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Early new physics: Why Octet Scalars?

Chivukula & Geory
d Ambrosio. Giudice. Isidori & Strumi

Minimal Flavour Violation (MFV):
Restore SM flavour symmetry SUg(3) x SUw(3) x SUp(3)
| by promoting Yukawas to spurions vy ~(3.3.1) wvp~(3.1,3)

Construct theory invariant under full flavour group.

MFV says any NP Yukawas ,\f} D o 4YP

— Yukawas are diagonal in same basis as mass matrices.

FCNC naturally not present

Since then:
eneutral scalar couplings are diagonal when masses are.
echarged scalar couplings in loops are GIM suppressed.

|
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Early new physics: Why Octet Scalars?

Chivikula & (reory
d Ambrosio. Giudice. [sidori & Strumi

Minimal Flavour Violation (MFV):
Restore SM flavour symmetry SUq(3) x SUi(3) x SUp(3)

by promoting Yukawas to spurions yvo~(3,3.1) wvp~(3. 1. 3)

Constem Wennty Manohar Wise show MFV only possible for following

representations:
MFV says any NP H- (1,2h2 or $—(8,2hp

under

FCNC naturall SU(3)xSUL(2)xUx(1)
Since then:
eneutral scalar {
echarged scalar couplings in loops are GIM suppressed.
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Manohar-Wise Model hep-ph/0606172

Low energy EFT scalar sector: SM Higgs + a (8,2)1,2 Octet scalar

A+
St — o
= SA(}
Yukawa sector:
T e T T D e e o
£ = —V2ngag—T"u} $° +V2nuap —T* Vidp S* + hec. overall complex

[; : . coefficients

— . T, g £0 = — i - ;
—V2npda—2T4d} S*" —V2ppdp —2TAV, ul S* +he. Ner. Mo

2 J

pow
L=

Note there are no new parameters in the coupling of octet to
electroweak gauge bosons (use to bound masses with EWPD) or gluons.
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Manohar-Wise Model hep-phi0606172

The potential:
A = "
v = —{arm-
4 !
+ [MH''HTr (S:S;) + A\H"Tr (§77S;S;) + A\sH"" Tx (§77S.S;) + h.c]
+ ATr (57'S;S77S;) + ATr (§7'5,577S;) + ATr (S7'S;) Tr (ST'S;)

+ AaTr (S7'S;) Tr (S77S:) + Ao Tr (SiS;) Tr (ST'ST) + AT (S:S; ST7SY) .

) +2mzTr (S7°S;) + \\H"'H, Tr (S7'S;) + \o,H"'H; Tr (57’ S;)

» ¥ I'z
What's the mass spectrum? M = Mi+M—
GAO 5;—:” + :'S;,"” Mi: = M2+ (+X+2) —
& = ,T}'— .l
S <) o =
MZ = MZ+(a+la—2%) tT'
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Manohar-Wise Model hep-ph/0606172

The potential:
| _ A =
= ;l(HH TJ 2mZ Tr (S7°S,) + MH'H, Tt (S17S,) + A\oH''H, Tr (577 8S,)
+ [NsH''H'ITr (5:8;) + AH"' Tr (S17S;S;) + A H'  Tx (S179S5,S;) + h.c]
| + AsIr (S "5 }*f\-Tr{S”S,S"-'.ﬁ?}ﬁ—,\d‘r{5 ') TE(S1S:)
| + XoTr (S :aj-} Tr (57798:) + AwoTr (S:S;) Tr (ST S1) + A Tr (S:S; STIstY)
What's the mass spectrum? ME = MZ+nm—
7 -‘_'
gAo _ .‘35!” '_!‘J.J = Mg = J‘I“ (A1 + A2 + 2)g) 4
v ME = ME+(h+da—2%) ‘—E_

In the SU'(2)~ case: |4 real parameters — 9 parameters

2A3 = Ao and M\ = A5

| Phe = ZXo=1Xs1, 2 F2

= < : 5 'V N

| oo e arXiv:0907.2696 M + M I
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What has been done.....

Initial Work: Manohar & Wise: hep-ph/0606172

Early studies: Gresham & Wise: arXiv:0706.0909: (R»r vertex corrections)
Dobrescu, Kong & Mahbubani: arXiv:0709.2378;

Gerbash et al: arXav:0710.3133:

Perez. Immnivaz & Rodrigo: arXiv:0803.4156

More detailed phenomenology:

Perez. Gavin, McElmurry & Petriello: arXiv:0809.2106: (LHC discovery)
Kim & Mehen: arXiv:0812.0307; (Octetonia)

Idilbi. Kim & Mehen. arXiv:0903.3668: (SCET resummation)

Perez & Wise: arXiv:0906.2950;

Burgess, Trott & SZ: arXiv:0907.2696
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Fit to Electroweak
Precision Data



Electroweak Precision Fits

New scalars contribute to EW precision measurements through

‘oblique’ corrections
H”h‘i qi i ——: iﬁ-}f 'I q: I LB fiﬂf;f} i f{-z j W W

ab=(WW. Z4.7vy.72)

Standard approach 3 parameter fit, STU:

= S 5
® Ex.pand @[L;h{q_} = .‘Li.i, e B"b f.!"_ Holdom & Terming;
Peskin & Takeuch:
A - 2 Altarelli & Barbie
e lIgnoring corrections of order }/Z = ==
M=

But new scalars could potentially be light ~ 100 GeV...
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Electroweak Precision Fits

New scalars contribute to EW precision measurements through
‘oblique’ corrections

M.:(q°) = Hfg,u (q°) + 6M.s(q”) W w
ab = (WW. ZZ 1y~ 2)

Standard approach 3 parameter fit, STU:

= 3 -
e Expand iIl.;(¢°) = Aus + Bas q” Holdom & Terning:
Peskin & Takeuchi
a : \VE Altarelli & Barbier
™ lg‘ncmm:ﬂan&nﬁmdar_- Z
But new scalz Don't expand  4Il.:(q) .

Instead require 6 parameter
extended fi: ST UVW X

Burgess. London &
Maksvmvk
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Electroweak Precision Fits

Standard EW precision view:

e For STU to be inadequate new particles must be extremely light
& VW X generally too small to matter.

e Adding additional parameters will make fit less constraining, so STU
IS more conservative anyway.

—>» V W X not really needed

irsa: 09100164 Page 15/37
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Electroweak Precision Fits

Standard EW precision lore:

e New particles must be extremely light to make STU inadequate,
even thenV W X too small to matter.

We findV and X matter even for masses in few hundred GeV range.

 Adding additional parameters will make fit less constraining, so STU
IS more conservative anyway.

STUVWX gives stronger constraint because
correlations are strong.

—> V W X not really needed

irsa: 09100164 Page 16/37
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Electroweak Precision Fits

e Updated ST UVW X using:

PDG 2008 & Erler. Langacker. Munir. Pena
arXiv: 09062435

Pirsa: 09100164
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Data Usesd
428 = 0030
8376 = 0.033

911876 — 00621
24952 + 0.0023
17454 = 0.08k20

4980 15
83984 + 0088
41 541 £ 0837
2054 = 0.050
20.785 = 0833
20.784 = 0.045

021620 - (.00066

LITZ1 = 030
00145 = 0.0025
0Lpes - 00913
0.0188 = 0.0017
00952 ~ 0.0016
00707 = 0.0035
02316 = 0L.0018

015138 = 000216

L1544 = 0.0060
0.1498 = 0.0049
0142 = 00315
0.136 = 0.015
0.1439 = 0.0043
0923 = 0.020
0.670 = 0.M27
03010 = 0.0015
00308 = 0.0011
0080 = 0.015
-0.507 = 0.014
-i3.16 = 035
-1164 = 16
2141 = 0.041

Theory Predicton |

50 380 — 0015
2350 = 0015
9] 1874 = 021
24954 — 0.0009
L9 — 0009
5168 = 007
S4002 - 0016
41 53 — 0008
20.736 = 0010
2.736 - 0010
20738 = 4010
A2I5TS = O.0000S |
017224 = 0DDn2
0.01627 = 0.00023
01627 = 0.00023
81033 - .07
00738 — 00006
0.2315 = 0.0001
01473 = 00010
0.1473 = 0.0010
01473 = 0.0010
01472 = 0010
L1473 = 0.0010
0.1472 = 0.0010
09347 = 0.0001
0.6679 = 0000
03030 — o002
003000 = 600003
0397 = 0.0063
-1.5064 = G001
=3.16 = 0.03
PapsaTR - nm
20502 = 00009




EWPD fit results

e Updated ST UVW X
[Oblique || STUVWX Fit (x2/v = 001) || STU Fit (x2/v = 0.99) || ST Fit (x%/v = 0.98) |

S u 007 £041 —0.02 +0.08 -89 x 107" £ 008
X —0.40 = 0.28 —0.02 = 0.08 L1x 102007
U 065 =033 0.06 +0.10 -
v 0.43 +0.29 - -
W | 3025 - -
X | —0.1T £ 0.1I5 = =

Consistent with previous results.

e Correlation coefficient matrix.

F— 1 060 038 —057 0 —0.36 \ 1 084 —-020
(.60 1 —-049 —095 0 —0.13 Msrer = 0.54 | ~0.49
038 -—049 1 046 D01 —076 ( —020 -049 1
Mstovwx=| _os7 _085 046 1 0 0.13
0 0 -001 O 1 0 > —_ ( 1 o5 )
0OsT 1

\ -0.8 -0.13 -0.76 0.13 0 E |
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EWPD fit results

e Updated STUVW X
|ohu@eusﬁﬁﬁm[fu=um [STU Fit 7/v = 0.09) || ST Fit (x%/v = 0.99) |

= 007 £0.41 —0.02 - 0.08 —9.9 « 107° £ 0.08
X —0.40 + 028 -0.02 008 1.1x 1072 £ 007
U 0.65 £0.33 0.06 = 0.10 -
¥ 0.43 £0.29 - -
W 30+25 - -
X —0.17 £0.15 - =

Consistent with previous results.

e Correlation coefficient matrix.

( 1 060 038 057 0 COSB)) , -0.20 °
060 1 —049 0 —0i3 Msry = Qn_) —0.49
= | 038 o049 1 03 -om o4 1

e —ﬂ 57 0.46 1 0 0.T. '

-0.01 0 1 0 — == {u_s.’a
L\- -0.13 - 0.13 0 1) s LD '
See strong correlation for (5.X), (T.V) (U.X) in addition to usual

Pirsa: 091001(4 ' ]' Page 19/37
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EWPD fit results

e Compare STU vs STUVWX. Scan couplings 0 < \;, < 1.

68% region STU blue 68% region STUVWX red

b . s
¥, 7 s = Ms 5 -
s . . | ,‘r![
M2 = M2 g e ) . .
| Mg Fa UV M E gl = Approximate SU/(2).
MP = 'r::.+.\;+l—-k_a.'T
|
Pirsa: 09100164 Page 20/37
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=0
® |f octet scalars were light enough, they
i would have been directly produced at Al =
| LEP2: e e =SS ande'e — S/’ S&’ 0

= o=

i

Custodial sensitive

& Fi oD
s F m e P = . .. . i i i '3 . -f
© 100 150 o 250 300
M

-+

68% region STUVWX
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- Joint fit: Influence on the Higgs Mass

¢ What happens to the best-fit value of the Higgs mass from EW fit?

95% region STUVWX

68% region STUVWX

b 00 e LEH Li 200 =K
My
----- Direct production bound | 14 GeV

----- 68% confidence level Higgs alone | 12 GeV
95% confidence level Higgs alone 160 GeV

irsa: 09100164 Page 22/37
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Joint fit: Influence on the Higgs Mass

® What happens to the best-fit value of the Higgs mass from EWV fit?

ac

Mg

LE !

L |

measure of octet mass splitting
(MZ — M2)(M7 — M%)
Octets give positive A7 contribution, allowing M/ to go up.

—> TeV scale NP can mask a heavy Higgs in EWV precision data

Pirsa: 09100164 Page 23/37
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Tevatron Constraints
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Decays of Octets

Let’s consider how you might look for these light states at the
Tevatron (since previous studies for heavy Octets)

irsa: 09100164

Depend on mass splittings, parameters of scalar potential.

Heavy Octets cascade decay to lighter one, emitting gauge

boson. =
St — W=Sg;

Octets can decay to quarks: decay preferentially to heavy states,
lighter states suppressed by small Yukawas.

St — b Sp —tt Srp — bb

Page 25/37
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Dijets at Tevatron

e Most model independent constraint on Octets from Tevatron is non-
standard dijet search. CDF arXiv:0812.4036.

e

~BARA

do /dm, [pb/GeV/c)]
>

RAa

10°

—®- CDF Aun Il Data (1.13 o)
| | Systematic uncertainties
x‘!’ -=- NLO pQCD. CTEQS.1M
. corracted to hadron level
Y = H= =P (et 2y2

e Can use the lack of any deviation from the SM prediction to bound NP
dijet signals if they are big enough.

Pirsa: 09100164
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Dijets at Tevatron

® Dijet rates from Octets too small to get interesting constraint.
e Tevatron constraints are generally weak since octets couple to light

quark with small Yukawas.

f ..-"\_l. r’\.‘i =1 [}. 1)]

[ﬂ: LS '._-:
(bl =
o{pb|
-‘-w.._\_
- '-.__“_
o
™
—
) h‘__--- .
-y —— -
e -..1".-:?“"—--‘-_- ".-"M_H-
HAE = I ‘_-h_"---_--..w—--‘h*
2 : . i
1 1 | X 50 ]
Ms

o{gg — Sr Sgr)

- — - o(gg — Sy

Pirsa:@!(oy.g—.h S+ S_} = 25(_99 = SRSR}

(Xg. Xs) = (L. 1)

‘Il\ -
.}!.-_- e
E .
alpb| . ;
==k "
o —
— = . e
[+ B “"'-'l.__ . .
“""—'-u-..,‘_ . e
- -~
LR | S """"---'--c--——|-'h--..._,‘___ll_"_-.II'-I--F.-lll:-;:.-.‘lq
0 i o Y- :-
' e o i B | £ o}
Ms
CDF arXiv:0812.4036

1 95% confidence limit on new particle
ag{X) x BlX — j7) x A(lyl < 1)
there is shape dependence
Page 27/37
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Dijets at Tevatron

® Dijet rates from Octets too small to get interesting constraint.

e Tevatron constraints are generally weak since octets couple to light
quark with small Yukawas.

(Ag. As) = (0.0) (Ag. As) = (1. 1)
ool T Same for decay to §? . ¢
5 e 4 Dominant for 1/ = 350GeV
T— Tevatron search for resonance in #f : not ruled out
= L5 0 Ve DO search with 0.9 fb'! data arXiv:0804.3664
B
— o(gg— SR]
— — — olgg— Sy) 1 95% confidence limit on new particle
ol X) x B(X — jj) x Allyl < 1}
""" o(9g — Sg) there is shape dependence
Pirsa: @H(Oyfg = S+ S_} — Eg‘{gg —3 SR SRJ Page 28/37
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Dijets at Tevatron

® Dijet rates from Octets too small to get interesting constraint.

| e Jevatron constraints are generally weak since octets couple to light
| quark with small Yukawas.

(Ag. As) =

Pirsa:@‘!(oy.g—.h S+ S_} = 21'?{99 == Sﬂ SR,]

For Mg < 350GeV

What about decays S* — bb ?

Assume branching ~1 and use CDF bound on hbbb

* Se 2 200GeV
get bound : Sg ~ Ge Gerbush et al.

arXiv:0710.3133v2

This is evaded for much of parameter space.

ME 3 or branching <<I|

"D

Page 29/37
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Decays to Leptons?

¢ Octets can cascade decay via gauge boson Sp—=WTS§"
Small mass splitting, /\, favoured by EWPD, decays likely through virtual W, Z.
: = 2 A7
Conme: Sp ST = —

= e 1
b‘[_]ﬂ. -5il**]n'[‘l

e Compare to decay to quarks: Ay < 350GeV

[ - 8GeV A - I _ 82GeV A =
r.ﬁ’;ﬂ% -~ Mglnp|2 \ 50GeV I':_.—;tﬁ__(_,f_ - Mpgln2 \ 50GeV

—> For light scalars can have significant branching to leptons + jets signals!

Eg. M/ = 200GeV Decay to leptons dominates pj for |7p| < 0.2
Decay to leptons dominates ¢ for Ine| <06
FromRb 7| < 0.33 forwhich B — X, ~ gives |np| < 0.5
(Gresham Wise) (Manchar Wise)

Page 30/37
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Octet Bound States to 777

-~

A promising signal 99 — S S — 7

Mehen and Kim detailed study arxiv:0812 showed bound states can
formfor N <1

® DO search for resonance in 77 signal, set 95% CL on o(h) x Br(h — ~7)

® Rulesout ;. . 75qev - Already ruled out by EWPD, but
extending mass region in search would give strong constraint.

irsa: 09100164 Page 31/37

T



Conclusions

® Light coloured scalar could be found at LHC, and be

consistent with results from Tevatron, in EWPD & flavour
constraints.

® Such scalars can remove preference of EWPD for light
Higgs.

® Promising signals:
® |eptons + jets + missing energy

® Octet bound states giving 77

Acknowlegements:
Brian Batell
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Tevatron Constraints

Pirsa: 09100164



Joint fit: Influence on the Higgs Mass
¢ What happens to the best-fit value of the Higgs mass from EWV fit?

95% region STUVWX

—— . — -

68% region STUVWX

e 00 Lk o LTEN L1 Bt X
A
----- Direct production bound | 14 GeV

----- 68% confidence level Higgs alone |12 GeV
95% confidence level Higgs alone 160 GeV
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What has been done.....

Initial Work: Manohar & Wise: hep-ph/0606172

Ear |Y studies: Gresham & Wise: arX1v:0706.0909:; (R» vertex corrections)
Dobrescu, Kong & Mahbubani: arXiv:0709.2378;

Gerbash et al: arXiv:0710.3133:

Perez. Immniyvaz & Rodrigo: arXiv:0803.4156

More detailed phenomenology:

Perez. Gavin, McElmurry & Petriello: arXiv:0809.2106: (LHC discovery)
Kim & Mehen: arXiv:0812.0307; (Octetonia)

Idilbi. Kim & Mehen. arXiv:0903.3668: (SCET resummation)

Perez & Wise: arXiv:0906.2950;

Burgess, Trott & SZ: arXiv:0907.2696
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The potential:

vV = 5(&‘"&2—
B!

+ AoTr (S

What's the mass spectrum?

= AD
ql i == ‘bﬁ'

.
o
2

L oA D

Manohar-Wise Model

¥

V2

In the SU(2), case:

2 :\3 = ,\3.
2 .:".E, - .1 Aj" = .-"'t
Ada = Ao

Pirsa: 09100164

hep-ph/0606172

and

hep-ph/0606172

) +2m=Tr (S7°S.)) + M \H'H, Tr (§77S.) + M2H"'H, Tx (S'7S))
M HU H T (S.S;) + MH ' Tx (S77S,S,) + AsH ' Tr (577S.S;) + h.e.]
AeTr (S7°5,577S;) + XTr (S7°S5,577S;) + ATx (S7°S;) Tr (ST S;)

'S B (S8 )+ T (55) B (5V'SV )+ AnT (5:5;5'8") .

M =

M:

|

AM;

MZ

M

e =X

arXiv:0907.2696

|4 real parameters — 9 parameters

M2 = M?
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Early new physics: Why Octet Scalars?

Chivukula & Georn
d Ambrosio. Giudice, {sidort & Strumi

Minimal Flavour Vioclation (MFV):
Restore SM flavour symmetry SUq(3) x SUu(3) x SUp(3)
by promoting Yukawas to spurions vi~(3.3.1) yp~ (3.1, 3)

KRS Wty Manchar Wise show MFV only possible for following

{ representations:
MFV says any NP H~ (1.2)12 or S~ (8.2h2
under

FCNC naturall SU(3)xSUL(2)xUx(1)

Since then:
eneutral scalar *
echarged scalar couplings in loops are GIM suppressed.

|
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