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A QUEST IN THE BSM LANDSCAPE
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MODELS



COLORON MODELS: GAUGE SECTOR
u
(su@)) (SU@),)
hy hs

2 2
SU(3)1 x SU(3)2 color sector with M2 = UZ < _hl ~hihs )

unbroken subgroup: SU(3)1+2 = SU(3)acb

CE ~Ys
= cos 6 g = sin 6
gluon state: GA = COSHAA + smHA
couples to:  gsJ& = gs(Ji + J5)
. A U g 9
coloron state:  C}' = —sinf A4 s cosHA Mc = NG hi + h3

couples to: gsJ5 = gs(—Jl“ tan @ + J4 cot 9)

low-energy current-current interaction: L3 = 2?;2 JoJdo



COLORON MODELS: QUARK CHARGES

u e K p
h h gsJg = gs(—Jy tand + J5 cot 0)
1 2
. . 2
low-energy current-current interaction: 2, = —_95_ 1.

OM2

Depending on how quarks transform under SU(3)1 x SU(3)2
the presence of colorons may impact

e LHC dijet mass distribution (or angular distribution)
e kinematic distributions of it or bb final states

e asymmetry in top-quark production: Alrg

« FCNC processes: KK, DD, BB mixing, b — sv

e precision EW observables: delta-rho, Rp



PATTERNS OF QUARK CHARGES

SU(3) SU(3)z model pheno.
(tb). au tr,br Qr coloron dijet
ar (t,b)L gL tr,br
tr,bR (t,b)L qu ar
q (t,b)L tr,OR QR
qgu tr,br (t,b)L qr | new axigluon dijet, Atrg
qu gr | (tb).  tm,br topgluon NG B
tr,or QR (t,b)L qL classic axigluon dijet, Atrs
du tr,br QR (t,b)L

q = u,d,c,s



A TOY TOPGLUON MODEL

particles SU3)1 | SUB)2 | SU2)w

3rd generation (Lb)L 3 1 .
quarks tr,bR 3 1 1
(u,d)L  (c,s)L 1 3 2

light quarks
Ur,dr CR,SR 1 3 1
vector quarks QL,Qr 3 1 2
light scalar |00 ¢ 1 1 2
heavy scalar () 3 3* 1

R.S. Chivukula, EHS, N. Vignaroli (2012) in preparation




LHC PHENOMENOLOGY



LHC LIMITS ON COLORONS

e | HC searches for colorons in dijet constrain Mc > 3.5 TeV
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e But these calculations have treated the colorons only at LO
and QCD to NLO (or beyond) ... we can do better!
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e 30% of produced colorons have pt > 200 GeV!

RSC, Farzinnia, Foadi, EHS arXiv:1111.7261
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NEwW MODE: W+C#% PROBES CHIRAL COUPLINGS

o — ———
Different production modes | |
probe several combinations of 7 N
the coloron’s couplings to o A I
RH and LH fermions: | e
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W+CA HEAT MAP OF SIGNIFICANCE
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W+CA HEAT MAP AND AFB RANGE
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OTHER PHENOMENOLOGY



e Coloron exchange does impact Ap at one-loop

w’l t)‘l)

/\N\

4 2
mt Mc
A TERYE 1“[ ]

iy
the size of the effect is small

but since

e Likewise, coloron exchange aCFQOSS the Zbb vertex
yields effects proportional to 1 which are negligible
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COLORON
CONCLUSIONS



Physics beyond the SM may lurk in the strong interactions

LHC can discover and study colorons,

e incorporate NLO results for the coloron K-factor and
o1 distribution into dijet searches

e use associated W+ Ca production to probe the
coloron’s couplings.

Additional coloron effects?
 FCNC.: yes, if couplings are flavor non-universal
« precision EW: negligible in Ap, Zbb
 top-quark asymmetry: for some coupling values




OUTLOOK
AND
CONFERENCE
CONCLUSIONS



THE QUEST CONTINUES...
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Quantifying H-bb Excess:

*Calculating local p-value distribution for background-only hypothesis.

Local p-value=3.30 at 135GeV gives global p-value=3.10 with LEE factor 2.
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Top Quark Charge Asymmetry at Tevatron

Top Quark Charge Asymmetry at LHC

Bernreuther, Si  '12
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@ The deviation between data and SM predictions < 3c.

@ NNLO calculations are still necessary
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Bump at the electron/positron spectrum

Chang et al. 1oook ' '

Nature456, 362 2008
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A Gamma-Ray Line at 130 GeV?! |EEESTNENY

- g - - IC results showing agreement with previous data at lower
Recently, evidence for a moneenergetic (up to resolution) gamma-ray line from  F e e e TR T T T rynis N

the Inner Galaxy has been identified within Fermi’s data (at 3.30, after LEE) rential energy spectrum measured by ATIC (scaled by E*) at the

- . . : » 10sphere (red filled circles) is compared with previous
Such a single has long been considered a “smoking gun” of dark matter from the Alpha Magnetic Spectrometer AMS (green stars)™,

annihilations, provided through loop-level diagrams black triangles)*®, BETS (open blue circles)®, PPB-BETS (blue
489
Morphology of the signal is well fit to a that predicted

emulsion chambers (black open diamonds)**?, with one
ainties. The GALPROP code calculates a power-law spectral

from a cusped dark matter distribution, with a cross
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C. Weniger, ari1204.2797 But is it real?
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. . MSU, TSINGHUA, AND PROF. KUANG
Y.P. Kuang’s contribution to BES:

® C.-P. Yuan met Prof. Kuang at CCAST

> Workshop, Beijing in 1993.
ok in

—_— ® E.Simmons invited by Prof. Kuang to speak
, u Q s & Eﬁ O V\ . at ITP in Beijing in 1995.
q ¢ ® NSF USA-China International Program,
Qing Wang andYi Liao visited MSU, Carl
? r C} « Schmidt visited Tsinghua U, 1997-99.
® Hong-Jian He was a postdoc at MSU,

1997-2000.

heavy quarkonium transitions and decays:

(1) Hadronic transition — QCD multipole expansion
(2) Coupled channel effect

(3) 2S-1D mixing for Y(3770) —non-DDbar decays

(4) improved potential model for charmonium decays

* In fact, Prof. Kuang is the main player in early
days of BES for charmonium physics

* Theoretical support for the study at BES on
charmonium transitions

* BESIII yellow book on hadronic transitions of
charmonium

* Proposed the study of x ,=>m .t at BESIII
* Many other suggestions to BESIII...

® Chivukula, Dicus, & He on unitarity, 2001.
® Kuang et.al., LHC signature paper 2007...

XY iff % / é 7th Workshop on TeV Physics—In honor of Prof Yu-Ping Kuan
N
T

Tsinghua University

PHYSICAL REVIEW D 85, 114010 (2012)

Testing the anomalous color-electric dipole moment of the ¢ quark
from ' — J/i + w7 + 7~ at the Beijing Spectrometer PHYSICAL REVIEW D, VOLUME 61, 054011

Yu-Ping Kuang,"* Jian-Ping Ma,>" Otto Nachtmann,>* Wan-Peng Xie,"¥ and Hui-Huo Z}101lgl‘4‘H
‘Ct’nfﬂrﬁ)r High Energy Physics and Department of Physics, Tsinghua University, Beijing, 100084, China
2Institute of Theoretical Physics, Academia Sinica, Beijing, 100190, China

3Institut fiir Theoretische Physik, Philosophenweg 16, 69120, Heidelberg, Germany ang \N'cll’lg,l’2 Yu-Ping Kuang,2'1 Xue-Lei Wang,1'3 and Mlllg Xi'dOl
“Department of Physics, University of Illinois ar Urbana-Champaign, 1110 West Green Street, lDe,;gr]‘ment of Physics, Tsinghua University, Beijing 100084, China*
[rhana Illinnis G1801-3080 TISA 2China Center of Advanced Science and Technology (World Laboratory), P.O. Box 8730, Beijing 100080, China

3Deparlment of Physics, Henan Normal University, Xinxiang 453002, China

Derivation of the effective chiral Lagrangian for pseudoscalar mesons from QCD

i % 4 4 oo o T Py oo of P Yo i K Sensitivity to measure the anomalous gauge
couplings of the Higgs boson via W*W* scattering at
PHYSICAL REVIEW D 66, 014019 (2002) the C E RN LH C
Calculation of the chiral Lagrangj:u;ilc;);lf;izi;g:; :Z(l)lm the underlying theory of QCD: Inspire d by Pl'Of. Kuang ( }LB$S|ZIZJ.¢B.:I:.)

Hua Yang,z"1 Qing Wana,"z’j‘ Yu-Ping Kuang,]'23 and Qin Lu?
\CCAST (World Laboratory), P.O. Box 8730, Beijing 100080, China
2Department of Physics, Tsinghua University, Beijing 100084, China*
3Institute of Theoretical Physics, Academia Sinica, Beijing 100080, China
*nstitute of Electronic Technology, Information Engineering University, Zhengzhou 450004, Henan, China

Prof. Kuang is co-author of the ILC TDRs
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| am very proud of being a Happy birthday,
student of Prof. Kuang ! Prof. Kuang.

| learned a lot from
you since 1986.
Thanks

Happy Birthday !

Happy 80™ Birthday to Prof. Kuang!

This warwshaps
uesktions are a

Happy Birthday, Professor Kuang!

Figure 1: Ithaca 1980, Niagara Falls





