Dark Matter Candidate in QCD,
and an experiment to find it

Glennys R. Farrar
New York University

Originally called H-dibaryon*
‘H” now taken by Higgs => need new name.

If discovered, call it R for Vera Rubin!

R _|6-quark, B=2, Q=0, S=-2
(H) | Spin-0, scalar

Flavor Singlet

m = 1.2-1.86 GeV

*Jaffe 1977: mass < 2 mx is natural; need mass < 2 mpto be DM

US Cosmic Visions Workshop, U. Md., Mar 23, 2017
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Detecting Rs

* Ry: neutral, M ~ My ; hard to pick-out; not useful
“handle” on itself.

- Use B number and Strangeness conservation:

'K',O ->/_\ R/—/

» J/Psi, Psi(2S) or Upsilon factory: ook for events with

e 2 baryons, visible S = -2 (and unseen H) or

e 2 anti-baryons, visible S = +2 (and unseen H)
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K-p -> A\ RH

 Ais agold-plated signature: A->#w" p
» Easyto ID & reconstruct 4-momentum

e Ct=8cCcm ...allare ID'd

* Ry : undetected, but 4 momentum determined

* PH=PKk+Pp-PA

« NAG61: est.~ 20 MeV accuracy on “missing-mass” of Ry

* FOr ppeam < 5.35 GeV/c , no conventional source of A ‘s
e Kp->AAA=>sqgrt[s]>3m
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K-p->AR,
my+Mpy<m,+2m =3GeV=>p_ . =414 GeV/c

My, = 16GeV=>p_ =3 GeV/c threshold for conventional A 5.35 GeV/c

P for 15 1GeV DM
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NAG61/SHINE 7

ﬁ%‘s ~13 m
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Figure 1. Schematic layout of the NA61/SHINE experiment at the CERN SPS (horizontal cut in
the beam plane, not to scale). The beam and trigger counter configuration used for data taking on




Background to K- p -> A Rk

e K-p-> KV n+ neutrals
\s> 7T+ TT-

* NA61: good rejection of KO faking A
« ToF, dEdX, kinematic cuts to reject in dangerous regions

* GEANT sims running to quantify...
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NAGT

« Trigger rate ~100 Hz => 107 events per day

« GEANT: ~ 0.5% K°%n + neutrals => can refine trigger

e Schedule mostly fixed till shutdown in 2018; restarts
2{02(0)

- ? short K-p run at 9 GeV/c before shutdown, to
evaluate rejection efficiency and background?

 Maybe 9 GeV/c beam is ok! => longer run in 2020...
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Conclusions

* A stable 6-quark state looks like an excellent DM
candidate - accounts for astrophysical phenomena
not otherwise explained.

» searchin K-p->A Rx
- looks feasible
- economical (use existing NA61 detector)

" quickly accomplished (if existing beam is adequate)

* Determines the mass, not just establishes its existence.



Essential Cosmo/Astro

* Freezeout => correct relic density

« T~ 0O(10) MeV follows from QCD couplings
» naturally gives observed DM and OM abundances

« Hadronic interaction (ern ~ 30 mb) a boon:

DM at solar radius ~O(10) scatters in 10 Gyr => co-rotates
e Vel ~ 25 km/s evades detection by XQC
DM forms dark disk (properties tbd) as indicated by paleo data

* DM rotation curve structure mimics gas-only rotation curve, c.f.,
Sancisi et al

DM halo at larger radius not impacted
McGaugh + “universal behavior; Tinker, tight correlation of DM-OM
Potentially ontribute similar benefits as SIDM
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Dark Matter in Solar neighborhood ~ conforms to
& co-rotates with the gaseous disk!
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Figure 1. Mass models based on scaling the stellar disc and the H 1 component for the late-type dwarf galaxies in our sample. The filled circles represent tl
derived rotation curves. The thin full lines represent the contribution of the stellar discs to the rotation curves and the dotted lines that of the gas. The thic
solid lines represent the best-fitting model based on scaling the contributions of the stars and the gas. The arrows at the bottom of each panel indicate a radi
of two optical disc scale lengths. In the top left corner of each panel, the UGC number and the inclination are given.
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Backup slides



Properties of the H-dibaryon: uru;dtd; sts;

« Scalar (spin-0, even parity)
* Flavor singlet (not just I=0) = no m, p... coupling

- = relatively weakly coupled to other hadrons

— Doe s n Ot b | N d to ato ms ( no e XOt' C | Soto pe S) ;11\11$n—bindi11g of Flavor-Singlet Hadrons to Nuclei”, GRF and G. Zaharijas

Lett. B.559: 223-228, 2003.

— Not excluded by accelerator searches . o e L i e Gt o

QCD* 582-590.

”Nucleon and Nuclear Transitions of the H dibaryon”, GRF and G. Zaharijas.

— G HN 10- 100 mb Phys. Rev. D70:014008,2004.

— Mass range of primary interest: 1.5 - 1.86 GeV
* Recent lattice QCD:
* A-A deeply bound (S. Beane et al, 2013) Wl e
* calculation for symmetric H underway W o
* Years till reach physical mq - -
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Relic Density of H dark matter

|. What freezeout temperature is needed?
(in collaboration with M. S. Mahdawi)

« Correct relic DM density < correct n-g'/ny & “baryon”/H ratio

* Prior to freezeout, H Kt o p A, etc, = ineque = 2uN

o g mpg ng ny &
QO my 12 ny
b N b 7 myg—<ZMmnN 2mN
nr 05 eXp( )/mH\B/Q |
— Q m 5/2 L /27T)5 = (QmN mH)/mN
Qb mN

freeze—out happens at equilibrium: pp=p,+pup
1 (GeV)

B my~1.7-1.8 GeV <= T-=5-10 MeV |
* |n hadron regime & above nucleosynthesis!

» 1st consistency condition is met




Relic Density constraints
Il. Calculating Tt.o. from QCD

« H’s produced at some initial temperature. (Rapidly-varying 8qcp? H-condensate?)

« H’s disintegrated by H K* — p A, ; typically reaches “chemical” equilibrium (maintained by

reactions like p A & H K*), then Hubble expansion causes freeze out.

* Tio.: < Ghkopa nK(Tf.o.) V>= H(Tf.o.)
- Parity, fermi-statistics => L=1 in initial or final state; suppresses rate.

£;=io HMBy B + %H@NME»waf the

7 T orsA? K|

- Take alpha, beta = 1

A (MeV)
1000

\

» QCD scale gives correct
freezeout temperature, for |
my ~1.7-1.8 GeV

mq, my:
— mp — mp

— average — actual

400

200¢

4 /
LIl (s~ 20,6, (m/A) (s + 3, — ) - (Bu/AD)(~2poko(s + iy iy — 2poke) + STBIZKE + (s - 4m)]

[& confirmed using Bolzmann egn]

mpyg (GeV)

1.68 1.70 1.72 1.74 1.76 1.78

1.80



H-Dark Matter detection |ISS

W. Terrano & GRF, in preparation

Individual H collision hard to detect, but the H flux exerts a tiny pressure.
On an object of thickness . P=410°g cm'1s2 omp (A/200) (SG/20)

 Torsion balance: (Eotwash) 1 yr torque sensitivity ~ 2 10-1" dyne-cm (erQ)

* Modulate DM pressure by rotating absorber (e.g. 10 cm thick Pb shield)

directional H-detection 9\(. , / (“m_‘,’w” -
looks feasible! 0 DA DA L ¢

~Stanford 2008 EXCLUDED
REGION
~Eot-wash 201
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