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Study with heavy diquarks

* A signal for Compositeness

* Interpretation of di-jet and three-jet signals BSM
» Possiblility for diguark charge measurement

» | ower 3j backgrounds compared to pp

 Distinguishing scalar and vector diquarks
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Diquarks in superstring-inspired E6 models
Superpotential,
W=W,+W +W,+W,,
Wy=AHQu + L,HQd" + \HLe + \HHS" + A hh'S*

*J.L.Hewett, T.G.Rizzo,
'PR183, 193 (1989).

W, = Mhu'e" + L LAQ + A y*hd"

SU(S) L Color

SO(10) To Yi2 Q
16 10 QE(;}L 3 (_:ﬁ) 1/6 ﬁﬁ
u, 3 0 —-2/3 -2/3
el 0 1 1
s L=(*), 1 (L3 e (1)
ds 3 0 173 1/3
1 pe 0 0 0
10 E =) . (_172) -112 (_7)
he 3 0 173 173
: w=(R) (1) 172 (o)
h, 3 0 ~1/3 ~1/3
1 1 ' 1 0 0 0
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Model independent framework:

A model Independent baryon number conserving,
SU(3)xSU(2)xU(1) invariant effective lagrangian for scalar and
vector diquarks [*]

Lipizays = (210G iT2q, + g1 gTrdg) DO

' [*] S.Atag, OC, S.Sultansoy, |
= s ' PRD59, 015008 (1999);
1 grndudeDO 4+ 8 TusDO, . E.Arik, S.A.Cetin, OC,
Sirdpdr DO + g\ JUgup DO, ' S.Sultansoy, JHEP09,
+ 83.9; iT27q, - DQ5 + g:q; ¥ drDQj 1 024(2002); OC, M.Sahin,
— ' PRD72, 115011(2005).
+ g.q; v* HEDQEF + H.c. N A 3

SU(3)- SL(2)w Uil)y o Couplings
Scalar diguarks
EE—;:"L <o 1 2/3 1/3 upd(gip) upde(gig)
Doy 3* ! —4/3 2/3 deH{ELH}
DO, 3* 1 8/3 4/3 ugin(Fix)
4/3 HLHL':"-JEE?-L}
Do, 3* 3 2/3 ( 1/3 ) ( ey dy(—gar) )
—2/3 'deL{_‘"EE?-L}
Ee{;:ir Sl 3 ) wifirs, ( 1/3 ) ( dHuL(.i-:z:lm )
2 —2 /3 dpdy (—g2)
DL, 2 (1) (i)
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Decay Widths(DQ-->qq)
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Scalar diquark(S):

FDQ=8.75 GeV for
mDQ=7OO GeV and
e =0

Vector diquark(V):

FDQ=5.83 GeV for
mDQ=7OO GeV and
O(DQ=O.1.
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Constraints from DQ searches

A search for narrow two-jet (dijet) resonances at
Tevatron experiments with an Integrated
luminosity of 1.13 fb™,

-The exclusion limit on the scalar ud type E.-
diquark mass, 290<m_ <630 GeV at 95% CL. [*]

Phenomenological bounds on the diquark
couplings from LEP experiments
O o<0.12 [**]

[*]CDF/PRD79/ 2009; [**]G.Bhattacharyya et al.,PLB95.
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Constraints on DQ couplings to quarks

A major constraint comes from D% D° mixing: exchange of DQ.
The transition mass Am_ for this mixing [PDGO08]

8.5x107 "<Am,<).9x)+ " "GeV

In a DQ model, estimate
AmD:flleZflz)MD/(4M§)Q>_>fllf22/(4M§)Q)<10_12GeV_2

taking M, =1 TeV one find f_f,,<4x10°. Assume f _>>f,,

-2 22
expect f,_~0.1 for a phenomenological study.
1)

The other constraint comes from D°-->1trt decay, which yields
Br< 10“#and one find f_f, < 4x102 for a few TeV DQ mass. This

11 12—
converts to f,_~f ~0.2 [7].

[*] R.N.Mohapatra et al.,PRD77(2008).
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Diquarks at high energy colliders

* If diquarks exist LHC experiments could find
them in resonance channel, and measure their
masses, spin etc. However, other properties
such as their charges and coupling types can be
identified at future high energy colliders.

(2-->2)

e[
oo NS
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Single productions in yp collisions: (S1)uu,
(S2)dd and (S3)ud type diquarks

e i “ i
el e S ;1:: + 17 SM diagrams
g —— _
T TR All these signal

diagrams interfere with

T > Afmmmmm o a2 the SM
. P z : T3 ¢ ones(irreducible).
, Smy 2 Others (reducible)
(=) TR =1 ¢ contribute to 3j events.
Diquark model is implemented in CalcHEP2.5[Pukhov04] O.Cakir
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Photon spectrum
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Comparison of the spectra

1
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Hadronic cross section

For the yp collisions, the cross section
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Cross sections for scalar
DQ uu(dd)-type, with p.*>20 GeV

Vp collisions LHeC(yp) LHC(yp) LHC(yp)
o(fb) Ee(GeV) (10TeV) (14TeV)
Mba
(GeV)

59,99 )J 12704

(.54 JJJm (2,0)2))

10,04 = 93.21 5 94 8.61
(0. 58) (8:51) (0. 69) (1.32)
J JJ

2035 42,7 Y57

(0, Jv) (5.5 "J)

U)
0.53 19 64 2 62 4 58
“

For the signal, the pdf CTEQ6M with Q>=m_? is used.

Three-jet background:
- 3j events at LHC(10)[14] — 0=(10094.34)[23090.56] pb for p_**>100 GeV

13 * 3jevents at LHeC based y p(1.4)[1.9] --> 0=0.99[3.26] pb for p**>100 GeV. 5 ~ayir



Vector dlquark productlon at LHeC based yp

10" : 10"
. \re-t:lur DD(uu) --------- 1 vec:lcur DO (uu)
70x7000 vector DQ(ud) -~ : 1 4tOX7OOO vector DQ(ud) -
S pf>20 GeV vector DQ(dd) | 10° F.,. p,/*>20 GeV vector DQ(dd)
102 | "
107"
g | aTey 1 g Ys=1 8719 TeY
5=1. 1 = =1,
© v € | & * DQ
. . 10
107 F ., opn=0.1
107°
1[:]"4 1 1 L i L L i 1 h 1 10_‘4 L 1 L l .'.l l
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Cross sections for S, and V at E(140x7000)

Event generation with p_*>50 éeV and the cross sections in pb

lGeV
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Signal DQ-->qq: partonic level

distributions
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Signal: q(n;)a(n,)a’(n,),
rapldlty distribution of quarks
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Angular distributions (P:«==cos))
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Ps. is the cosine in the rest frame of particles uu in the final state
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Invariant mass distribution:

Si(uu)+SM(IrB)
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Background 3jet:
cross sections at 70x7000

p,>30 GeV 4.016x10" p,>20 GeVY, 6.475x10"
-3<n <1

P, >200 GeY  2.858x107 p,>950 GeV, 7.9045¢10°
-3<n <1

O.Cakir
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Event generation and simulation

Events are generated with CalcHEP2.5[Pukhov04] with
full implementation of scalar and vector diquark
interaction vertices.

A modified version of Cpyth[Belyaev01] interface for
CalcHEP2.5 + PYTHIAG6.4[Sjostrand06] is used for
hadronization and decay.

Simulation performed with PGS4[Conley09] for the
parameters of a generic HCD. The PGS4 parameter file
allows one to specify the maximum eta range of jet
reconstruction, jets in PGS are based on the calorimeter.

Preliminary analysis for signal and background events
(10k) with ROOT (ExRootAnalysis).

O.Cakir



Distributions of jets from scalar
DQ(uu) signal and 3jet background
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Analysis and Results

Some cuts on jets:

«Transverse momentum of jet p.>50 GeV (initial), and then check
eInvariant mass of dijet Mpg-Am<m,<m_ +Am

Am=max(2l',0m) where dm is the dijet invariant mass
resolution

e Count signal events within the inv. mass bin
e Count background events in the same interval
 Find statistical significance (SS) for the signal

- N

S

SS=\/(NS+Nb)ln(1 NEAR
b
» Taking at least 10 signal events after the cuts and requiring

SS>3 we find the attainable limits for the DQs
22 O.Cakir
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Reconstructed dijet mass (Ecm=1.4 TeV)
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Signal Significance for
Scalar(vector) diquarks

70x7000 140x7000

i B S B B L o SO

52(119) 30 55(10.9)  379(637) 125  17.9(27.2)

Signal and background events are calculated in the mass
interval m__+ 50 GeV, where integrated luminosity L=10 fb".
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Conclusion

If diquarks exist, LHC could find them in
resonance channel, however their charges
and coupling types can be identified at a
LHeC based yp collider.

Up to 1 TeV mass of diquarks can be
studied at LHeC based yp collider.

Scalar and vector diquarks can be
distinguished with the angular distribution in
single production.

O.Cakir
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