UC Irvine
UC Irvine Previously Published Works

Title
Effects of anomalous couplings of quarks on prompt photon production

Permalink
https://escholarship.org/uc/item/172535f9

Journal
Physical Review D, 55(5)

ISSN
2470-0010

Authors

Cheung, Kingman
Silverman, Dennis

Publication Date
1997-03-01

DOI
10.1103/physrevd.55.2724

Copyright Information
This work is made available under the terms of a Creative Commons Attribution License,

availalbe at https://creativecommons.org/licenses/by/4.0/

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/172535fs
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/

PHYSICAL REVIEW D VOLUME 55, NUMBER 5 1 MARCH 1997

Effects of anomalous couplings of quarks on prompt photon production

Kingman Cheuntj
Center for Particle Physics, University of Texas, Austin, Texas 78712

Dennis Silvermah
Department of Physics and Astronomy, University of California, Irvine, California 92697-4575
(Received 10 October 1996

Prompt photon production is sensitive to the anomalous couplings of gluons to quarks, because it is mainly
produced by quark-gluon scattering. We will examine the effects of the anomalous chromoelectric and chro-
momagnetic dipole moment couplings of quarks on prompt photon production. Using the data collected by
CDF and DO at the Fermilab Tevatron we put a bound on these anomalous couplings. We also estimate the
sensitivity of various future high energy collider experiments to these anomalous couplings.
[S0556-282(197)03005-1

PACS numbg(s): 13.85.Qk, 13.40.Em, 14.65.Bt

[. INTRODUCTION production. Prompt photon production has been known to be
a useful probe to the gluon luminosity inside a hadron be-
The standard modelSM) has been very successful for cause they are mainly produced by quark-gluon scattering.
more than 30 years. Only recently have some deviationdhe fact that this production depends on the quark-gluon
from the SM surfaced in th&, measurement at the CERN Vertex also makes the process sensitive to the anomalous
ete™ collider LEP[1] and in the highEy inclusive jet pro- ~ couplings of quarks to gluons. Not only is the total cross
duction recorded by the Collider Detector at Fermii@pF)  Section affected but also the differential distributions, e.g.,
[2]. Since we have no true knowledge of the structure ofh€ fransverse momentum distribution. Both CfBFand DO
even the symmetry of the correct high energy theory, we us | have measurements on prompt ph(_)ton production. We
the effective Lagrangian approach to study low energy phegan, therefore, use the data to constrain these CMDM and

nomena. Deviations from the SM can be studied systemaUgED'vI couplings. Thus, the bounds obtained will be the

. . o main result of the paper. The organization of the paper is as
cally by means of an effective Lagrangian, which is made UBollows. In the next section, we shall write down the effec-

of the SM fields and obeys the symmetry of the low energy;.

th The leading t ol o by the SM ive Lagrangian and the formulas for the calculation. In Sec.
eory. The leading terms are simply given by the ang)| we study the effects on the transverse momentum distri-

consist of dimension-four operators while the higher Orderbution and obtain the results. In Sec. IV we estimate the

terms consist of higher-dimension operators and are SURmits of these anomalous couplings that can be probed in the
pressed by powers of the scaleof the new physics. In other fytyre collider experiments. We conclude in Sec. V.
words, if the scale\ is much larger than the present scale,

the theory is essentially the same as the SM.
Among all the dimension-five operators, the most inter-

esting ones involving quarks and gluons are the chromomag- The effective Lagrangian for the interactions between a

netic dipole momen{CMDM) and chromoelectric dipole quark and a gluon that include the CEDM and CMDM form
moment(CEDM) couplings of quarks. They are given by factors is

o*'T?GY, andic®y°T?GY,, respectively. Although these

couplings are zero at the tree level within the SM, they can o P i%

be induced in loop levels. In many extensions of the SM, L= gSqTa{—y"GfLera“Vwa—mU“WSGiV

they are easily nonzero at one loop level or even the tree d a

level, e.g., the multi-Higgs-doublet moded]. These dipole

moment couplings are important not only because they are _ .

only suppressed by one power &f but also because a non- wherex/2mg (x/2my) is the CMDM (C.EDM) of the quark

zero value for the CEDM moment is a clean signal @P g. The Feynman rules for the interactions of quarks and glu-

violation. The effects of these anomalous couplings hav@nS ¢an be written down:

been studied quite extensively, e.g.,ttnproduction[4—€], )

in bb production[5], and in inclusive jet productiof7]. Lo = —qa T v+ Vo i
The purpose of this paper is to study the effects of the %99 9<9; i ¥ qua Pulk—iKy?)

anomalous CMDM and CEDM of quarks on prompt photon 2

Il. EFFECTIVE LAGRANGIAN

q,
@

ina!

whereq;(q;) is the incoming(outgoing quark andp, is the
*Electronic address: cheung@utpapa.ph.utexas.edu four-momentum of the outgoing gluon. The Lagrangian in
"Electronic address: djsilver@uci.edu Eq. (1) also induces @qgg interaction given by
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which is absent in the SM. In the following, we write

_ FIG. 2. Differential cross sections for prompt photon production
K K

K= = (4) versus the transverse momentum of the photon for pure QCD and
2mq ’ 2mq ' nonzero values of CMDM of quarks. The data points are from CDF.
i i i i -1 . . .
which are given in units ofGeV) ~". tional difference from the pure QCD cross section we shall

The contributing processes for prompt photon production;se aK factor to multiply the LO QCD cross sections. The
are procedures will be illustrated in the next section.
a(@)g—vya(a), dd—rg.
Ill. RESULTS

The contributing Feynman diagrams are shown in Fig. 1. The
grey g g We first study the effects of nonzero CMDM and CEDM

spin- and color-averaged amplitude for on the transverse momentum spectrum of the photon. In or
—y(ky)a(ky) is given b . )
A(P1)9(pz) = vki)alke) Is o y der to compare with experimental data we have to impose a
16masaenQy[  S2+12 _ similar set of acceptance cuts as CDF and DO did. For both
2 MP=—— — T 2R, CDF and DO data we use
5 .
© 7(0|<09, AR(%))>07, ©
where

where theAR(v,j) cut is used to imitate the complicated
s=(p1+p2)?, t=(p1—k?, u=(p1—ky)?, (6)  experimental isolation procedures. In our LO calculation, the
value of thisAR(y,j) cut is not crucial to our analysis. We
have included the quark flavorsd,s,c in our calculation
and assumed that their anomalous couplings are the same. In

andQq is the electric charge of the quackin units of the
proton charge. Similarly, the spin- and color-averaged ampli

tude forq(ps)d(pz) — ¥(ki)g(kz) is given by Fig. 2, we show the differential cross sections of prompt
_ 128m2ar g Q2 124 U2 photon production versus the transverse mqmentum of the
> M|2= S—em<q +25(k'2+%'?)| . photon. The LO QCD curve has to be multiplied by a factor
9 ut of about 1.3 to best fit the CDF data. Therefore, we shall use

(7)  aK factorK=1.3 for the LO QCD cross section. Figure 2
also shows curves with nonzero values of CMDM. We can
see that nonzerg’ will increase the total and the differential

R 1 S, d3k; d3k, cross sections, especially in the laggd y) region. Thus, the

do= mz IM|? 8*(py+ p2_k1_k2)W 2K0 transverse momentum spectrum becomes harder with non-

1o (8 2670 CMDM. The effects due to nonzero CEDM will be the
same because the increase in cross sections is proportional to
which is then folded with the appropriate parton distribution(x’2+%"2). This is different from the case af production
functions. We use the CTEQ2M parton distribution functions[4], in which the increase has a term proportional to the first

[10] and the two-loop formula for the strong coupling con- power of .

stant. Although the next-to-leading ord@LO) calculation Figure 3 shows the fractional differences from pure QCD

to prompt photon production exists, there is, however, ndor nonzero CMDM. The data are from CDF and DO. The

NLO calculation that includes CMDM and CEDM cou- anomalous behavior at the lops(y) has already been re-

plings. Therefore, throughout the paper we employ only thesolved by including initial and final state shower radiation

leading orden(LO) calculation. But in calculating the frac- [11]. For our case we are only interested in the lapgé€y)

The subprocess cross section is then given by
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L0 g , , | ing parton$ is not affected appreciably by the presence of
the anomalous dipole moments. We compare these with the
() <09 results obtained in Ref7]. The value ofx’ obtained in
& * ¢DO data L fitting to the CDF[2] transverse energy distribution of the
. ¥ CDF data ‘. inclusive jet production without adjusting the gluon parton
8 05| E distribution function i 7]
[=]
g k'=(1.0£0.3)x10 3 GeV !, (12)
(=]
[&]
7 which is consistent with the bound obtained in this paper.
g % Ty
g ‘#’ ‘% \ IV. SENSITIVITY AT FUTURE HIGH ENERGY
8 #'=0.008, £'=0 * COLLIDER EXPERIMENTS
S — — £'=0.006, £ '=0
= mk'=0.0045, £'=0 * The next run(run Il) at the Fermilab Tevatron will be at
S o ] Js=2 TeV with an integrated luminosity of 2 8. If the
L ! ! ! run Il is stretched to a longer run it could accumulate a
0 25 pi((’y) (ng) 100 125 luminosity of about 10 fb* [12]. There is also a plan called

TeV33[12] after run I, in which the luminosity gets a fur-
FIG. 3. Fractional difference from QCD for various values of ther boost to about 30 fif. At ".ibOUt the S".ime time scale
, iy the CERN Large Hadron CollidefLHC) will operate at
«' and «'. Both DO and CDF data are shown. The errors on DO . N . . 1
data are statistical only. Js=14 TeV with an initial yearly luminosity of 10 fb',
which will later increase to the designed luminosity of
i ) ) P _1 . . B oy .
region. Since in Eq¢5) and(7) the role ofx’ andx’ are the 100 ,fb . In this sgct!on, we shall estimate the se.nsmvmes
same, we can put one of them to be zero when we obtaifff «'=1/A or the limits onA that can be probed in these
bounds on the other. We show a few curves with differenfuture experiments. We shall use a simple approach to cal-
values of«’. From these curves we can see that the CDF angulate the limits.

DO data would be inconsistent witk’ >0.0045, therefore, _ Without a full Monte Carlo study of the detector includ-
giving a bound of ing energy Q(_at(_armmatlon errors, we trgat here only the §ta—
tistical sensitivity of the various experiments. Our criteria
k'=<0.0045 GeV? (10 [13] are to take bins of appropriate size for the energy range
being examined, and find the called p7 at which the SM
on the CMDM of quarks. Similarly, we put a bound of cross section statistical error bars are 10%. These will be the
~1 <0.0045 GeV 'l (11) bins with 100 SM events. We then explore the cross section

due to the SM plus the anomalous chromomagnetic moment

on the CEDM of quarks. Furthermore, this bound is alsotontribution, and find the value of’ =1/A or A where the

valid for the case that the photon-quark coupling is anoma&XCess over the SMis 10% at thig . In Table I we show
lous instead of the gluon-quark couplihgVe also found thepr andA=1/k’ for various experimentsl4]. We have
that the normalized angular distribution in @s(6* is the  used only the leading order cross sections withokitfactor
angle of the outgoing photon in the CM frame of the incom-to determinept and A. Since thep distribution is steeply
falling, so with or without aK factor would not affect sig-
nificantly the values fopF andA. Actually, the experimen-
Taking a value for the light quark masm,~0.3 GeV, tal determination opr might be the largest systematic errors
x=2myx'<0.0027. Therefore, only affects the magnetic momentamong all[2,8,9. We have also imposed cuts on the isolated
of the light quark by an amount of order 19 Thus, it has a photon by|7|<0.9 andAR(y,j)>0.7 at the Tevatron ener-
negligible effect on baryon magnetic moments. gies, while| 7|<1 andAR(y,j)>0.7 for the LHC. We can

TABLE I. Table of highpy(y) bins at 10% statistical error andd sensitivity for A in that bin.

Integrated Photons

Accelerator Ecm. luminosity Bin width p% A

TeV fb? GeV GeV TeV
Tevatron:
Run | 1.8 0.1 10 140 0.7
Run I 2.0 2 20 260 15
Stretch 2.0 10 20 325 1.9
TeV33 2.0 30 20 370 2.1
LHC 14 10 100 1000 45

LHC 14 100 100 1400 6.3
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see from the table that sensitivity scales roughly with the of the paper. In addition, we have also estimated the sensi-
machine energy, but scales roughly with the eighth root otivity of «’=1/A in the future collider experiments at the
the luminosity. Tevatron and LHC. The sensitivity is shown to be scaled
roughly with the machine energy, but roughly with the
V. CONCLUSIONS eighth root of the luminosity. For example, the run Il at the

) Tevatron can probe\=1/x" in the range 1.5-2 TeV for
We have studied the effects of anomalous chromomagitegrated luminosities of 2—30 8, while the LHC can

netic and chromoelectric dipole moment cguplings Qf 'ightprobe up to 6 TeV with a 100 f luminosity.
guarks on prompt photon production. The increase in cross

sections is proportional ta’2+%'2. These couplings in-

crease the total cross section and the transverse momentum

spectrum, especially at the large(y) region. Using the

CDF and DO data we found a bound’ or We acknowledge the support from the U.S. DOE under
k'=<0.0045 GeV! on the chromomagnetic or chromoelec- Grant Nos. DE-FG03-91ER40679 and DE-FGO03-
tric dipole moment of light quarks, which is the main result 93ER40757.
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