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Lab Situation

3

• Tevatron has been surpassed in energy and shut down

• Lab budget cut, staff reduced

• Deficit cutters “driving the train” in Washington

⇒ To keep Lab open,

 Must exploit Fermilab features that make it unique!

 ...and use them to do compelling physics



D. M. Kaplan, IIT Antiproton Physics at the Intensity Frontier 18 Nov. 2011

• Medium-energy, high-intensity neutrino beam

• Low-energy, high-intensity neutrino beam

• Long-baseline neutrino experiments

 and

 
4

What makes Fermilab 
unique?

! World’s best antiproton source!



D. M. Kaplan, IIT Antiproton Physics at the Intensity Frontier 18 Nov. 2011 5

! World’s best antiproton source!
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• Fermilab Antiproton Source is world’s highest-energy

• And most intense:

... even after (≈1G!) FAIR@Darmstadt turns on

‣ What compelling physics can it do?

Antiproton Sources

6

1 Introduction

We propose to assemble a simple, cost-effective, yet powerful magnetic spectrometer at
the AP-50 experimental area of the Fermi National Accelerator Laboratory Antiproton
Source, by integrating and suitably augmenting existing equipment. This will capitalize on
Fermilab’s substantial investment in the Antiproton Source, by far the world’s best facility
for producing antiprotons. It will allow unique investigations of charm, charmonium, and
hyperons, studying and searching for rare decays and symmetry-violating effects with world-
leading sensitivities. It may also constitute the only hadron physics carried out at Fermilab
in the years immediately following the completion of the Tevatron program. As such, it will
substantially broaden the Lab’s physics program and multiply the number of available thesis
topics severalfold, thereby playing a valuable role in continuing to attract a cross-section of
U.S. physics students into our field.

Table 1 summarizes the parameters of current and future antiproton sources. It can be
seen that the highest-energy and highest-intensity antiproton source is at Fermilab. Having
formerly served medium-energy antiproton fixed-target experiments, including the charmo-
nium experiments E760 and E835, it is now dedicated entirely to the Tevatron Collider,
but could again be made available for dedicated antiproton experiments upon completion of
the Tevatron program (towards the end of 2011 according to the present schedule, although
the possibility of a Tevatron run extension is under consideration). The CERN Antiproton
Decelerator (AD) provides low-energy antiproton beams at a tiny fraction of the intensity
now available at Fermilab. Germany’s >∼billion-Euro plan for the Facility for Antiproton
and Ion Research (FAIR) at Darmstadt includes construction — yet to be started— of 30
and 90 GeV rapid-cycling synchrotrons and low- and medium-energy antiproton storage
rings [1]. Antiproton operation at FAIR is anticipated on or after 2018.

Table 1: Antiproton energies and intensities at existing and future facilities.
p Stacking: Operation:

Facility Kinetic Energy Rate Duty Hours p/Yr
(GeV) (1010/hr) Factor /Yr (1013)
0.005CERN AD
0.047

– – 3800 0.4

Fermilab Accumulator:
Tevatron Collider 8 > 25 90% 5550 > 150
proposed ≈ 3.5–8 20 15% 5550 17

FAIR (>∼ 2018*) 1–14 3.5 15%* 2780* 1.5

∗The lower number of operating hours at FAIR compared with that at other facilities arises
from the collection ring being shared between the antiproton and radioactive-beam programs.
Due to the modular staging of the FAIR facility, stacking of antiprotons will initially be done
in the experiment ring, leading to the small duty factor shown here. FAIR’s stacking ring is
planned for installation several years after initial operation.

2 Experiment Overview

In the flavor problem, nature presents us with a very challenging puzzle. In the more than
30 years since the Standard Model was established, our failure to discern what deeper theory
underlies it indicates the difficulty of this challenge. Our clues— the behaviors of 6 quarks

1
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• 5 places to search for new sources of CPV:

- Kaons

- B mesons

- Hyperons

- Charm

- Neutrinos

Non-KM CP Violation

} Years of intensive new-physics 
searches have so far 
come up empty*

Worth looking elsewhere as well!

}
7

*except for possible DØ 3.9σ dimuon signal
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• SM: Penguin– Tree 
interference→O(10–3) 
CPV in CS modes

• But only 1 SM diagram 
in CF, DCS modes

⇒ 0 CPV in SM

• But indirect CPV also 
possible, & mode-
independent
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Concentrate on Charm 
for Now
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• Monday at HCP 2011, LHCb showed 3.5σ signal for 
D0 direct CPV:

 ‣ 

 ‣
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New D0 CPV Result
Formalism

• ... so when we take ARAW(f)* ! ARAW(f′)* the production and soft 
pion detection asymmetries will cancel. Moreover...

•No detector asymmetry for D0 decays to (K+ K!), (π+ π!)

8

ARAW (f) ≡ N(D0 → f)−N(D
0 → f̄)

N(D0 → f) +N(D
0 → f̄)

ARAW (f)∗ ≡ N(D∗+ → D0(f)π+)−N(D∗− → D
0
(f̄)π−)

N(D∗+ → D0(f)π+) +N(D∗− → D
0
(f̄)π−)

ARAW (f) = ACP (f) +AD(f) +AP (D
0)

ARAW (f)∗ = ACP (f) +AD(f) +AD(πs) +AP (D
∗+)

physics CP asymmetry

Detection asymmetry of D0

Detection asymmetry of soft pion

Production asymmetry

... i.e. all the D*-related production and detection effects cancel.
This is why we measure the CP asymmetry difference: very robust 
against systematics.

Shorthand: ∆ACP ≡ ACP (K
−K+)−ACP (π

−π+)

Formalism

• ... so when we take ARAW(f)* ! ARAW(f′)* the production and soft 
pion detection asymmetries will cancel. Moreover...

•No detector asymmetry for D0 decays to (K+ K!), (π+ π!)
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ARAW (f) ≡ N(D0 → f)−N(D
0 → f̄)

N(D0 → f) +N(D
0 → f̄)

ARAW (f)∗ ≡ N(D∗+ → D0(f)π+)−N(D∗− → D
0
(f̄)π−)

N(D∗+ → D0(f)π+) +N(D∗− → D
0
(f̄)π−)

ARAW (f) = ACP (f) +AD(f) +AP (D
0)

ARAW (f)∗ = ACP (f) +AD(f) +AD(πs) +AP (D
∗+)

physics CP asymmetry

Detection asymmetry of D0

Detection asymmetry of soft pion

Production asymmetry

... i.e. all the D*-related production and detection effects cancel.
This is why we measure the CP asymmetry difference: very robust 
against systematics.

Shorthand: ∆ACP ≡ ACP (K
−K+)−ACP (π

−π+)

Result

Significance: 3.5 σ

15

∆ACP = [−0.82± 0.21(stat.)± 0.11(sys.)]%

• Claim systematics ≈ cancel due to subtraction

! The first evidence for New Physics from LHC!

 ‣ Independent confirmation now becomes urgent

(based on 1.4 " 106 tagged K+K–, 0.4 " 106 π+π–) 

Hot off the press!

http://indico.in2p3.fr/getFile.py/access?contribId=151&sessionId=3&resId=0&materialId=slides&confId=6004
http://indico.in2p3.fr/getFile.py/access?contribId=151&sessionId=3&resId=0&materialId=slides&confId=6004
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Can p ! expt confirm D0 CPV?

 How big is charm cross section 
in 8 GeV p !p annihilation?
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• E. Braaten estimate of 
p !p X(3872) coupling 
assuming X is D*D ̅ 
molecule

- extrapolates from 
K*K data

11

 How big is charm cross section 
in 8 GeV p !p annihilation?



D. M. Kaplan, IIT Antiproton Physics at the Intensity Frontier 18 Nov. 2011

D*D cross-section estimate (after E. 
Braaten, arXiv:0711.1854)
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• E. Braaten estimate of 
p !p X(3872) coupling 
assuming X is D*D ̅ 
molecule

- extrapolates from 
K*K data

• By-product is D*0D̅0 
cross section

(Expect good to factor ~3)

PRD 77, 034019)
̅
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 How big is charm cross section 
in 8 GeV p !p annihilation?
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• Another approach (Regge model)

12
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Figure 5: Total cross sections for pp → D0D∗0
(solid) and pp → D+D∗−

(dashed) from

Regge calculation of Titov and Kämpfer [28, 29] vs. antiproton momentum. As with

Braaten’s formula [27], the D0D∗0
cross section peaks at pp ≈ 8 GeV; however the esti-

mated cross section is a factor of 6 smaller.

taken at Belle. We also note that the Belle result —a D0 → Kπ vs. D0 → KK/ππ lifetime

difference of (1.31±0.32±0.25)% —has comparable statistical and systematic uncertainties.

Thus the precision in a super-B factory may well not improve with increased statistics by

as large a factor as naively expected.

1.2.2 Hyperon CP violation and rare decays

The Fermilab HyperCP Experiment [43] amassed the world’s largest samples of hyperon

decays, including 2.5 × 10
9

reconstructed
(Ξ )∓

decays and 10
10

produced Σ+
. HyperCP

observed unexpected possible signals at the >∼ 2σ level for new physics in the rare hyperon

decay Σ+ → pµ+µ− [18] and the
(Ξ )∓ → (Λ )

π∓ CP asymmetry [17]: AΞΛ = [−6.0 ±
2.1(stat) ± 2.0(syst)] × 10

−4
. Since the pp → Ω−Ω+

threshold lies in the same region

as the open-charm threshold, the proposed experiment can further test these observations

using Ω− → Ξ−µ+µ− decays and potential
(Ω )∓

CPV (signaled by small Ω–Ω decay-width

differences in
(Λ )

K∓
or

(Ξ )0π∓ final states) [44]. The HyperCP evidence is suggestive of

the range of possible new physics effects. More generally, high-sensitivity hyperon studies

are well motivated irrespective of those “signals.”

While the pp → Ω−Ω+
cross section has not been measured, by extrapolation from

pp → ΛΛ and pp → Ξ−Ξ+
one obtains an estimate just above Ω−Ω+

threshold of ≈ 60 nb,

implying ∼ 10
8

events produced per year. In addition the measured ≈ 1 mb cross section

for associated production of inclusive hyperons [45] would mean ∼ 10
12

events produced

per year, which could directly confront the HyperCP evidence (at ≈ 2.4σ significance) for

a possible new particle of mass 214.3 MeV/c2
in the three observed Σ+ → pµ+µ− events

(Fig. 7).
3

Further in the future, the dedicated p storage ring of Table 1 could decelerate

3Such a particle, if confirmed, could be evidence for nonminimal supersymmetry [46].
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[32] C. Lourenço, H. K. Wöhri, Phys. Rep. 433 (2006) 127–180.

[33] A. D. Frawley, T. Ullrich, R. Vogt, Phys Rep. 462 (2008) 125–175.

[34] A. Aleev et al. [SVD-2 Collaboration], arXiv:1004.3676 [hep-ex].

[35] C. Amsler et al. [Particle Data Group], Phys. Lett. B 667, 1 (2008).

[36] See e.g. A.A. Petrov, arXiv:0806.2498v1 [hep-ph], and references therein.
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• Agreement within factor of 6

✓ not bad, considering it’s low-energy QCD...

 How big is charm cross section 
in 8 GeV p !p annihilation?
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• Other 
evidence?
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Fig. 16. Total cc̄ production cross-sections for fixed-target energies (left) and up to
√

s=200 GeV (right). Open symbols indicate the pp measurements.

Table 12
K-factors which provide the best description of the cc̄ data in pp and p–A collisions, for each PDF set. The last three columns give the elementary
pp cross-sections calculated by Pythia with these K-factors, for three different energies, given in GeV

PDF set K-factor !2/ndf "cc̄ (!b)

Elab = 158 GeV Elab = 400 GeV
√

s = 200 GeV

CTEQ6L (2002) 3.0 1.5 3.6 17.3 796
MRST LO (2001) 3.7 0.8 4.8 18.3 436
GRV LO (1998) 4.5 0.7 5.2 18.2 560

CTEQ6M (2002) 2.5 0.8 4.6 18.3 425
MRST c–g (2001) 2.7 1.0 3.9 17.9 520

The K-factors have a relative uncertainty of around 7%.

after the curves are normalised using the available fixed target data, and given the somewhat different shapes of the
calculated curves, it turns out that at

√
s=200 GeV the estimated cc̄ cross-section is 35% higher with mc =1.7 GeV/c2

and 30% lower with mc = 1.3 GeV/c2, with respect to the default value. The results are summarised in Table 13.
Different definitions of the squared energy–momentum transfer, Q2, can be used. To evaluate the influence of this

setting on our results, we replaced Pythia’s default, equivalent to Q2 = m̂2
T in the processes we are studying, by Q2 = ŝ,

the choice of Refs. [109,110]. Fig. 18 shows the effect of using these two different Q2 definitions on the cc̄ cross-section,
keeping mc = 1.5 GeV/c2 and using the CTEQ6L PDFs.

We see that using ŝ as the Q2 definition leads to significantly lower cross-sections with respect to the values obtained
when using Pythia’s default setting. The difference is energy dependent: at low energies the cross-sections obtained
with the ŝ definition are around 3 times lower, while at

√
s = 200 GeV the difference reduces to a factor of 2. Once the

curves are scaled up to describe the data, the steeper rise with
√

s of the Q2 = ŝ curve leads to 60% higher cross-sections
at

√
s = 200 GeV, with respect to the values obtained with the default setting. The results are summarised in Table 14.

Calculations with other PDF sets give comparable results.
These calculations show that the cc̄ production cross-section at

√
s =200 GeV, as derived from Pythia’s calculations

normalised by the existing SPS, FNAL and HERA-B measurements, can vary by ±30% due to the use of different
sets of PDFs and by around ±30% if the c quark mass is changed by ±15%. Furthermore, using Q2 = ŝ, as done
by some experiments, leads to a 60% higher cc̄ cross-section at

√
s = 200 GeV. From Table 12, where we used the

SVD-2

Figure 6: Total cross sections for pp → cc from (left) Ref. [32] and (right) Ref. [34] (after

Ref. [33].

antiprotons to the ΛΛ, Σ+Σ−
, and Ξ−Ξ+

thresholds, where an experiment at 10
33

luminos-

ity could amass the clean, > 10
10

-event samples needed to confirm or refute the HyperCP

evidence [17] for CP asymmetry in the ΞΛ decay sequence.

1.2.3 Precision measurements in the charmonium region

Using the Fermilab Antiproton Source, experiments E760 and E835 made the world’s most

precise measurements of charmonium masses and widths [6, 7]. This precision (<∼ 100 keV)

was enabled by the small energy spread of the stochastically cooled antiproton beam and the

absence of Fermi motion and negligible energy loss in the H2 cluster-jet target. Although

charmonium has by now been extensively studied, a number of questions remain, most

notably the nature of the mysterious X(3872) state [2] and improved measurement of hc

and η�c parameters [47]. The width of the X may well be small compared to 1 MeV [48].

The unique precision of the pp energy-scan technique is ideally suited to making the precise

mass, lineshape, and width measurements needed to test the intriguing hypothesis that the

X(3872) is a D∗0D0
molecule [50]. These measurements will require the use of a hydrogen

target: either an improved version of the E835 gas jet or a windowless, frozen-hydrogen

target [49].

The production cross section of X(3872) in pp annihilation has not been measured, but

it has been estimated to be similar in magnitude to that of the χc states [51, 27]. In E760,

the χc1 and χc2 were detected in pp → χc → γJ/ψ (branching ratios of 36% and 20%,

respectively [35]) with acceptance times efficiency of 44 ± 2%, giving about 500 observed

events each for an integrated luminosity of 1 pb
−1

taken at each resonance; at the mass

peak 1 event per nb
−1

was observed [52]. The lower limit B[X(3872) → π+π−J/ψ] >
0.042 at 90% C.L. [53] implies that in a day at the peak of the X(3872) (8 pb

−1× [1000

events/pb
−1

]× 0.04/0.36× acceptance-efficiency ratio of final states of ≈ 50%), about 500

events would be observed. Even if the production cross section is an order of magnitude

9

‣ Hard to predict size 
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[42] M. Gazdzicki and D. Röhrich, Z. Phys. C 71, 55 (1996).

[43] R. A. Burnstein et al., Nucl. Instrum. Meth. A 541, 516 (2005).

[44] J. Tandean, Phys. Rev. D 70, 076005 (2004); J. Tandean and G. Valencia, Phys. Lett.

B 451, 382 (1999).

[45] C. Y. Chien et al., Phys. Rev. 152, 1181 (1066).

[46] D. S. Gorbunov, V.A. Rubakov, Phys. Rev. D 64, 054008 (2001); D. S. Gorbunov,

Nucl. Phys. B 602, 213 (2001);

X.-G. He, J. Tandean, G. Valencia, Phys. Lett. B 631, 100 (2005).

18

[22] H. Frisch, Univ. of Chicago, private communication; see http://psec.uchicago.edu/.

[23] G. Garzoglio et al., Nucl. Instrum. Meth. A 519, 558 (2004)

[24] A. Bevan, “Flavour physics at B-factories and other machines,” presented at European

Physical Society High Energy Particle Physics Conference, Krakow, Poland, July 16–

22, 2009.

[25] Heavy-Flavor Averaging Group, http://www.slac.stanford.edu/xorg/hfag/charm/.

[26] See e.g. Y. Grossman, A. L. Kagan, Y. Nir, Phys. Rev. D 75, 036008 (2007).

[27] E. Braaten, Phys. Rev. D 77, 034019 (2008).
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REGISTRATION OF NEUTRAL CHARMED MESONS PRODUCTION AND
THEIR DECAYS IN pA-INTERACTIONS AT 70 GeV WITH SVD-2 SETUP

(SVD-2 Collaboration)
A. Aleev, V. Balandin, N. Furmanec, V. Kireev, G. Lanshikov, Yu. Petukhov, T. Topuria, A. Yukaev.

Joint Institute for Nuclear Research, Dubna, Russia

E. Ardashev, A. Afonin, M. Bogolyubsky, S. Golovnia, S. Gorokhov, V. Golovkin, A. Kholodenko, A.
Kiriakov, V. Konstantinov, L. Kurchaninov, G. Mitrofanov, V. Petrov, A. Pleskach, V. Riadovikov*,
V. Ronjin, V. Senko, N. Shalanda, M. Soldatov, Yu. Tsyupa, A. Vorobiev, V. Yakimchuk, V. Zapolsky.

Institute for High Energy Physics, Protvino, Russia∗

S. Basiladze, S. Berezhnev, G. Bogdanova, V. Ejov, G. Ermakov, P. Ermolov,
N. Grishin, Ya. Grishkevich, D. Karmanov, V. Kramarenko, A. Kubarovsky,
A. Leflat, S. Lyutov, M. Merkin, V. Popov, D. Savrina, L. Tikhonova, A.
Vischnevskaya, V. Volkov, A. Voronin, S. Zotkin, D. Zotkin, E. Zverev.

D.V. Skobeltsyn Institute of Nuclear Physics,
Lomonosov Moscow State University, Moscow, Russia

The results of data handling for SERP-E-184 experiment obtained with 70 GeV proton
beam irradiation of active target with carbon, silicon and lead plates are presented. Two-
prongs neutral charmed D0 and D̄0 -mesons decays were selected. Signal / background ratio
is (51±17) / (38±13). Registration efficiency for mesons was defined and evaluation for charm
production cross section at threshold energy is presented: σ(cc̄) = 7.1±2.4(stat.)±1.4(syst.)
(µb/nucleon).

PACS numbers: 13.25.Ft , 13.75.Cs , 13.85.Hd , 25.75.Dw , 29.85.Fj
Keywords: pA-interactions, charm production, cross section, simulation, data handling

I. INTRODUCTION

The SVD-2 is universal experimental setup
(Figure 1) [1] with the following elements: Ac-
tive Target (AT) with microstrip silicon plates
(40 channels of electronics) and passive plates
(C, Pb), Microstrip Vertex Detector (MVD)
(8.5 thousand channels), Magnetic Spectrom-
eter (MS) with Wire Proportional Chambers
(MWPC) (near 18 thousand channels), Thresh-
old Cherenkov Counter (TCC) (32 photo mul-
tipliers), Scintillation Hodoscopes (SH) (on 12
strips in vertical and horizontal planes) and the
Detector of Gamma quanta (DEGA) with radia-
tors from lead glass on 1344 channels. The data
taken run was performed in the proton beam of
IHEP accelerator with Ep=70 GeV. The total
statistics of 5 ∗ 107 inelastic events has been ob-
tained.

For last 20 years the obtained number of

∗Electronic address: riadovikov@ihep.ru

events with open charm production in a proton-
nuclear interactions in experiments is much
less than statistics of experiments with elec-
tron beams in which the basic properties of the
charmed particles (mass, branching of decays,
etc.) were studied. But the data of proton-
nuclear experiments are important for studying
of dynamics of charmed quarks production in col-
lisions of nucleons and their hadronization mech-
anisms, for checking predictions of existing theo-
retical models.

Taking the cross section of inelastic pp-
interaction (σin(pp) = 31.44 mb at 70 Gev [2])
and using the experimental fact, that the cross
section of cc̄-pair production in a nucleon-nuclear
interactions linearly depends on atomic mass
number of target, whereas ”the usual” inelastic
section is proportional A0.7, it is possible to esti-
mate the total number of events with charm in ex-
periment E-184 for statistics of 52 million events
with inelastic pA-interactions as

N(cc̄) = N0 ∗ (σ(cc̄) ∗A1)/(σin(pp) ∗A0.7),

 How big is charm cross section 
in 8 GeV p !p annihilation?
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• Ballpark sensitivity estimate based on Braaten p ̅p → D*0D̅0 
formula, assuming σ ∝ A1.0 and L = 2 x 1032 cm-2 s-1:

(based on H.E. fixed-target)

(signal MC)
(MIPP & bkg MC)

(Ti)

p ! Charm Statistics

• 3–30 x 107 tagged K  π± ⇒ 3–30 x 106 K+K–, 1–10 x 106 π+π– 

⇒δΔA ≈ (0.17 to 0.10)%

⇒competitive with LHCb in one year of  p ! running
14

±

Result

Significance: 3.5 σ

15

∆ACP = [−0.82± 0.21(stat.)± 0.11(sys.)]%LHCb:                                         

But keep in mind:
Main issue is 
systematics.
Ours will be

quite different 
from theirs, thus 

truly indep. 
x-check.

Table 5: Example sensitivity estimate for D∗
-tagged D0 → Kπ decays (after Ref. [63]).

Note that the reliability of some of these values remains to be confirmed in detail. They

are based on an exclusive cross-section estimate, so the inclusive production rate could

be significantly higher, but the cross section, luminosity, or efficiency could also be lower.

Hence, we show an indicative range of estimates.

Quantity Value Unit

Running time 2× 10
7

s/yr

Duty factor 0.8*

L 2× 10
32

cm
−2

s
−1

Annual integrated L 3.2 fb
−1

Target A 47.9

A0.29
3.1

σ(pp→ D∗+
+ anything) 1.25–4.5 µb

# D∗±
produced (2.5–8.9)× 10

10
events/yr

B(D∗+ → D0π+
) 0.677

B(D0 → K−π+
) 0.0389

Acceptance 0.45

Efficiency 0.1–0.3

Total (0.3–3)× 10
8

events/yr

∗Assumes ≈ 15% of running time is devoted to antiproton-beam stacking.
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Figure 11: Comparison of leading Feynman diagrams for pp → D∗0D0
and pp → K∗+K−

;

they differ only in the replacement of final-state charm quarks with strange quarks.

Braaten’s formula [63],

σ[pp→ D∗0D0
; s] ≈

�
mD∗ + mD√

s

�6 λ1/2
(s1/2, mD∗ , mD)

[s(s− 4m2
p)]

1/2
× (4800 nb) , (11)

where

λ(x, y, z) = x4
+ y4

+ z4 − 2(x2y2
+ y2z2

+ z2x2
) . (12)

Equation 11 applies to the D∗0D0
exclusive final state, which however does not yield tagged

D0
decays, since the slow π0

or gamma emitted in the D∗0
decay to D0

is not flavor-

specific. To assess the reach in tagged-D0
events, we must consider such exclusive final states

as D∗+D−
, D∗+D∗−

, D∗+D−π0
, D∗+D0π−, D∗+D0π−π0

(and charge-conjugate modes).

Two-thirds of all D∗+
decays are in the flavor-specific π+D0

mode, in which the charge of

the slow pion tags the initial charm flavor of the D meson.

22

tagged events/yr
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    IP = ION PUMP

    SP = SUBLIMATION PUMP

    CC = COLD CATHODE GAUGE

    TC = PIRANI GAUGE

    IG = ION GAUGE

    BV = BEAM VALVE

    HBV = HAND BEAM VALVE (MANUALLY OPERATED)

    TCV = TURBO CART ACCESS VALVE (ROUGHING STATION)
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** ALL DATA AND LINES IN GREEN REFER TO VACUUM DEVICES,

    STATING WHAT TYPE, THEIR LOCATION, AND THEIR CONTROL/

    MONITOR DATABASE NAME.
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ALL DATA AND LINES IN DARKER BLUE REFER TO BPM AND CLEARING

ELECTRODES.  THE DATA BASE NAMES SHOW THE LOCATION WHERE

THE COAX (RED RG58), WITH THAT NAME, DROPS DOWN TO TUNNEL

FROM SERVICE BUILDING.  THE BLUE LINES SHOW HOW MANY DEVICES

ARE CONNECTED IN EACH GROUP.  DEVICES ARE HORIZONTAL BEAM 

POSITION MONITORS (HBPM), VERTICAL BEAM POSITION MONITORS 

(VBPM), AND CLEARING ELECTRODES (CLRG), WITH LOCATIONS AS SHOWN.
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CalorimeterH2 Jet target

E760/835 in situ



Figure 6: E835 apparatus layout (from [67]).

Figure 7: The DØ solenoid and central tracking system, drawn to the same scale as Fig. 6,
shown as currently installed within the DØ calorimeters (from [68]).
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Our proposal:

• Now that Tevatron finished,

- Reinstall E760 barrel calorimeter

}<$10M

Flux Return

- Add small magnetic spectrometer 

- Add precision TOF system

- Add thin targets

- Add fast trigger & DAQ systems

[existing BESS 
magnet from 
KEK &
SciFi DAQ
from DØ               &
FNAL iron]

20
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2.63 m

~

• Take data at L = 2 x 1032 cm-2 s-1 

(charm plus many other topics...)
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• TAPAS is very cost-effective (by HEP standards):

• Thanks to: existing calorimeter, solenoid, SciFi 
readout system, trigger & DAQ electronics

Cost Estimate
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Figure 6: E835 apparatus layout (from [67]).

Figure 7: The DØ solenoid and central tracking system, drawn to the same scale as Fig. 6,
shown as currently installed within the DØ calorimeters (from [68]).
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Figure 1: Sketch of “upgraded E835” appara-

tus as discussed in text: a 1T solenoid sur-

rounds fine-pitch scintillating-fiber detectors,

and is surrounded by precision TOF coun-

ters, all within the existing E760/835 Central

Calorimeter. A return yoke (not shown) is

needed for proper functioning of calorimeter

phototubes.
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Figure 2: World average of D0–D0 mix-

ing parameters x ≡ ∆m/Γ, y ≡ ∆Γ/2Γ:

best-fit values are x = (0.59 ± 0.20)%, y =

(0.80 ± 0.13)%, and no mixing (x = y = 0)

is disfavored by 10.2σ [32].

Table 3: Construction and Installation Budget Summary; see Sec. 6.2 for details.

Item Cost (k$) Contingency (k$)

Targets 430 160

Luminosity monitor 60 20

Scintillating-fiber tracking system 1,820 610

Time-of-Flight system 500* 500

Triggering 1,390 460

Data acquisition system 490 153

Infrastructure 1,350 550

TOTALS 6,040 2,450

∗Detailed TOF cost estimates based on the University of Chicago “Large-Area Picosecond
Photo-Detectors” project are not yet available. This is a preliminary estimate from H. Frisch,
for which we assume 100% contingency.

We assume pp or pN luminosity of 2 × 1032 cm−2s−1, one order of magnitude beyond

that of E835, which can be accomplished by use of a denser internal target than the E835

hydrogen cluster-jet [33]. This could be a cryogenic, frozen-hydrogen target (already under

development, as discussed in Sec. 5.2) or a thin metal wire or pellet; these would be operated

in the halo of the antiproton beam.3

3A denser cluster-jet target may also be a possibility and is under development by the PANDA collabo-
ration [34].

5
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• Fermilab pbar Source can confirm 
or refute LHCb signal for charm 
CPV long before super B factories 

• The HEP world can’t wait until ≈2020 to do this

• Along with other topics to be discussed, can 
provide broad hadron-physics program at 
Fermilab while other expts under construction

...and while we wait for Project X

22

Conclusions

Figure 20: Integrated luminosity vs time projected for Belle II at SuperKEKB [126]. SuperB
is likely to start later but aims at obtaining a similar reach.

4.6 Competition

Over the next several years, LHCb will obtain the largest charm samples of any approved
experiment. In the longer term, by the early 2020s the “super” B factories will integrate
sufficient luminosity to become competitive (Fig. 20), with ≈ 1× 108 tagged, reconstructed
D0 → K−π+ events.

LHCb is now publishing their first charm results, which (since they are already operating
at 3 × 1032 cm−2s−1, 50% beyond their design luminosity) are indicative of their reach in
future years. G. Wilkinson’s LHCb talk at the EPS 2011 meeting [127] reports a 6.5 mb
charm cross section, suggesting that LHCb charm statistics will be enormous. However, they
are in fact rather inefficient at recording and reconstructing charm decays — a necessary
consequence of their limited angular coverage and data-acquisition bandwidth, together
with the short D-meson lifetimes, which make their secondary-vertex trigger algorithms
inefficient for charm.

Specifically, Wilkinson presents [127] a histogram of D∗-tagged, reconstructed D0 →
K+K− decays (reproduced in Fig. 21) from 195 pb−1 of LHCb data. This decay chain
has a combined 2.6 × 10−3 branching ratio. The cuts chosen leave significant background
under the peak, which we can take into account by derating their statistics by the factor
N/(δN)2 = 679, 200/12002 = 0.47. Given the quoted cross section and integrated lumi-
nosity, their produced charm sample is some 1.2 × 1012 events. With the ∼ 10% TAPAS
acceptance× efficiency presented above, one would thus expect ∼ 108 tagged, reconstructed
events in this mode, where their sensitivity is in fact 7× 105× 0.47 = 3× 105 events. Their
acceptance× efficiency for these charm modes is thus only ∼ 10−4.

By 2016, given the long LHC repair shutdown, LHCb is expected to amass some 5 fb−1

of data. Extrapolating from Wilkinson’s EPS 2011 talk, the equivalent sample in tagged
D∗± → (Kπ)π will be≈ 4×107 events. (By trigger optimization they may gain an additional
factor of ∼ 2.) This should be compared with (0.3–3)×108 events/yr in Table 5 above. We
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