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TheH �� molecularion playsafundamentalrolein interstellarchemistry, asit initiatesanetwork of chemicalreactionsthatproducemany
interstellarmolecules.In denseclouds,theH �� abundanceis understoodusingasimplechemicalmodel,from whichobservationsof H ��
yield valuableestimatesof cloudpathlength,density, andtemperature.Ontheotherhand,observationsof diffusecloudshavesuggested
thatH �� is considerablymoreabundantthanexpectedfrom thechemicalmodels.However, diffusecloudmodelshavebeenhamperedby
theuncertainvaluesof threekey parameters:therateof H �� destructionby electrons,theelectronfraction,andthecosmic-rayionization
rate. Herewe reporta directexperimentalmeasurementof theH �� dissociative recombinationrateundernearlyinterstellarconditions,
usinga supersonicexpansiondischargesourcethathasbeenshown (usingcavity ringdown spectroscopy) to producerotationallycold
H �� ions. We alsoreporttheobservationof H �� in a diffusecloud(towards � Persei)wheretheelectronfractionis alreadyknown from
ultraviolet spectroscopy. Takentogether, theseresultsallow usto derive thevalueof thethird uncertainmodelparameter:we find that
the cosmic-rayionizationratein this sightlineis forty timesfasterthanpreviously assumed.If sucha high cosmic-rayflux is indeed
ubiquitousin diffuseclouds,thediscrepancy betweenchemicalmodelsandthepreviousobservationsof H �� canberesolved.
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