WL e dasies

CM-P00057474

CERN-TH.6650/92

Radiative D* Decay Using
Heavy Quark and Chiral Symmetry

James F. Amundson®, C. Glenn Boyd®, Elizabeth Jenkins®*, Michael Luke®,
Aneesh V. Manohar®*, Jonathan L. Rosner®, Martin J. Savage®! and Mark B. Wise?

a) Enrico Fermi Institute and Department of Physics, University of Chicago,
5640 S. Ellis Ave, Chicago, IL 60637
b) CERN TH Division, CH-1211 Geneva 23, Switzerland
c¢) Department of Physics, University of California at San Diego,
9500 Gilman Drive, La Jolla, CA 92093
d) California Institute of Technology, Pasadena, CA 91125

Abstract

The implications of chiral SU(3)r x SU(3)r symmetry and heavy quark symmetry for
the radiative decays D*® — D%y, D** — D%+, and D — D7 are discussed. Particular

1/2

attention is paid to SU(3) violating contributions of order my’“. Experimental data on

these radiative decays provide constraints on the D* D7 coupling.

CERN-TH.6650/92
UCSD/PTH 92-31
CALT-68-1816
EF1-92-45
September 1992

* On leave from the University of California at San Diego.

t SSC Fellow



4
(6) (,@)¥2 994 20 (L) ygou® "2 = (A°@ ~ Q)W

WLI0] 9y Sey JuUsWR[e Xuyew L°J — @ YL

‘juswIlIadxo WIOI} POUIULIAISP 2q JSNUI Infea sjl pue Iajeurered
9513 ® st B 109y} uorjeqinyiad [eiryd jo mata jo jutod oY) woxy ‘Aedsp (g dAlRIpe 0F
yoeozdde juopusdopur [spowr & jdope 0} Ysim am ‘Ioaomoy ‘Ioded styj U] “Ayrun resu st
6 yey3 uoryejdadxs oY) 0} Ped| SIYRWIISs [opow Yrenb juanjiysuod snoires suyy, ‘g0 < 6
sa18 Surpdnod uotd yrenb juanjysuod oY} SurMIAP 03 Furidnod uosnu-uotd pansesur a1y
Suispy "Surpdnoo uord-yrenb jusnjrysuod e st 919y [g] [Ppour yrenb rearyo o3 uy (*g /e =Vb
soa1§ Suridnoo uospnu-uold 8y} jo ayewnyss refruis y) ‘1 = 5 saa1d (8) by jo sy oYy
JO JUSWS[e XUjeW (] 9Y3) JeWIsd 03 [Ppow yrenb oysinepIuou oyj Julsn pue syrend
juonjrysuoo se (g) “by ut sppey yrenb oyj Suryesiy, -1oyeiousld (§)S Joaey e st . J pue
SPPY u0soq 2uo}sp[or) slow Io duo Jururejuod suwwy sjusserdar sisdrpe oYy () by ul

(8) et MpSLkgeh L 6— = DAL LD

st (1) uerSueaSer] oY) WOl PaUTRIO JUSLIND IOJIRA [eIXe Y],
G0 S b ] 3Y3 03 spes] [ I[qe], Ul sonyer Sunpuelq L LoJ < 4.J PUR o X
4+ Y3 Y3M POUIqUIOD UYM ADY TET JO YIPA ., 943 UO [3] yruny 1addn rejusmrtadxo
oy, Arjowufs uidsost Aq Io[[euIs omy Jo 10908} B ST x, (T « 4, 0] YIPIM Kedop ayJ,

3 k@
AN.V ' m_._..la&_ N.\.M = A.T.KQQ - +iQ.V.H
4

‘[oA3] 3913 3V
‘sfe09p 1 « .( 24} 10} s[qisuodsai st § juejsuod Surpdnod xq,q YL "*(2)AS D & 21Ym

(9) ‘*(,AH)S «~ °H

se suitojsuely *f ‘Krjowwids ¥(g)ns x 1(¢)AS
rearg pue Anjeuruds wids yrenb Aawey “(z)As #PUN (20 '+ ‘0o@) = (3@ ‘%)
pue (°q‘,a‘.d) (tq‘*@ ‘') @21ym ‘1oaep jrenb jy3y sjussordsr » Xapur Iyf,

“oMH&="H

(<) ‘[skeq — "hgua) (6 + cm ='H

, 'SPy ,J PUT (@ Y3 SUIRIUOD jey) Xiujeu
¥ x pest °f ‘() ba £q Aywydu pauyep st 1) pue ¥(g)g S Y pue 7(g)AS 3 T 210ym

@) CH3IN= 03T <3

‘suotyeuriojsreny ¥(g))S x 7(¢)AS MY 2PUN “ASNGET < *f
ey UOLUSAUOD UOljezifewrtou InQ -4f 1o Mf ‘*f oy renbo jes aq e f 1Pas a1 3y

ugh- X .t

(e) oM tmab + ckm—bl _x =W
+M +2 U+ %
a1aym
(@) ‘f/iwndxe =3
suosoq

auo)splon-nqureN-opnasd Jo }9300 33 JO SUIIG} UL UYJLIA ST 3 P]oY dYJ, "uosow Aaesy o)
Jo £yoaa oy ay3 st 4a (1) ‘b Ul xuyew ssewr yrenb jySi oyy jo s1030e] 10 SOAIYRALIGD

azows yjim szoyerado pue i/ jo s1030%f £q passerddns s1oyesado sajousp sisdifpe oY} 21oym
Q) 2+ 13003 - 3u@)3) K P H AL 5Y +
"[13403 + 240,3) "OHH AL E + "HaQ O HIL - =T

[g] £31su0p aBueiSe re1ny ayy
£q paquIOSIp aIe SUCSOWI (7 PUR (7 3} JO SUOI}IRISIUI SUOI)S 9Yj WNJUSWIOW MO[ Y

FIFVIFIL | 440+ 4.0
SOFFOFS0E |o%s+d — 4+
STFOTFI8Y | 4290 — 44d
CEFETFVIE | Lo « 0ol
CEFETFOIEY | o%od — 0o
Omuﬂ\m M.B-—nuﬁahm 3POIN hdooa

(%) sonyey Buyoueaq g :1 3|qeL

"@oD jo semjewrwds ¥(g)ng
x 1(g)1S reay> pue yrenb Laeoy oy} £q pasodut sopnjrjdure £eoop 3y} WO SJUTRIISUOD )
sajerodiodut YoIYM JIomaurel) Juopuadopul [opoUl © UL PIqLIISIP axe Ledap (T IO} Sajel )
‘109391 sty3 U *[g] (opowr jrenb juenjiisuod 3y} Uo paseq suotjejoodxo Yjim jusTIRISe Ojul
soye1 Jurpuelq g PUe g Y3 1y3noiq aaey (T djqe, 335) [1] erep OA'IO U209y



14

pue (1) by ynm siyy Surmquio) 5 pue ¢f Jo suley W L°q — (F PUR A4 — 4.0 hod
— ge(d 10] SYEI Y} SPUIWINAP ‘A[oA1yoadsaz (g1) pue (g1) 'sby 4q usa1l (,yr pue Si PIm

(o1) Wt e ="
Bus)
‘werdueide] 1opI0 Jsamo[ 3Y) Aq PIUIULIIIGP jOU 2Ie pue ‘ssewl Jrenb afuenss oy
ut o1ATeUR oTe WIS} 5SAY], “wi 19PIO Jo swIdy Sune[ol (g§)S wol sawod (g1) by 03
7] 0} UOI3991100

uor3oa110d Juejtodurt jsowt AYJ, * s Ou st 919y sny], ‘uojoyd dYj 0}

a[dnoo 3 ussop pue [eIIN3U St noﬁ%?sﬁ? ay) ased Mo\aﬁaﬁ ayy uy ‘xred (o3 Tenyia @ ojul
soSueyd ., 9y} o[ ‘ared g _ v~ [enMIA € Ojul ( (7 © SSuerp wed suonpeIaul Fuollg
‘skedop L @ «— .0 PUC Lo — 4. Y3 10} FURISYIP ST Hw 0y reuorjrodoxd worjos1100
dooy-auo ay3 Aym puejsispun o3 Ased st 3] *(g)/)S S°IR[OlA S0USY pue [— : [— @ g ONeI Yy
31 pue Cwl ¢ cwi 03 uonnquijuod doof suo oYy ‘*w # Nw 104 ‘suord Burajoaut
sdoof 10§ ¥f = { pue suoey Jutajoaut sdoof 10§ ¥fZZ'1 = Jf = f oS0 0} UISOYD IARY I

“poape Jop10 10y31y ® st (¢1) ‘b w M = f pue ¥f = [ Suisn uUGEM}3q NUIIIPIP YT,

ut jou st

Hw | ¢
. ¢ S __ ¢
kEam+Q~ Si
X
e |8
(e1) s TIT=0"
(A
7 A s JT _
5.:%. Mw, b S

SaUI009q &1 ‘suotyejota (g)§ Surpes| Y3 Surpnpu] *(,y77 0} 2a1ye[al
>us/1 Aq possarddns st yorym (7 03 o[qeredurod aq fewr uorje[ola (¢)ns woxn ($1) bg
0} SUOI}D21I00 S} OS PUE ‘[feWS AIdA J0U ST ‘*w ‘ssewr yrenb oBuens oyy, ‘1 "8y ul umoys
suresSetp wewruda] doo-ouo 9y} WO} sastre PIYM “E wI0§ 9Y3 Jo bws uo souspuadap o134]
~eueuou e sey sopnjdure UOI}ISURI} 3Y} 0} UONQLIJUDd Jurelola-(g) ]S Sulpes] Ay,

‘Arppurwifs (g)NnS
Aquo Suisn woly smo[[0] 31 ouIs ‘w1 Jo s1omod £q passorddns sjooye sopnpul (#1) b
ey} 2j0N " ,_APD € ~ ¢ [epowt jyTenb juenj1sU0d dyysIAle[IUOT oYy U] ‘¢/T1— = P ‘g/1—
=ty ‘g/g = Q) seBreyp yrenb yySI[ Y3 5930USP ") PUR JUEISUOD UMOWNUN UE ST ¢f 219YM

Aﬁﬁv ¢ Qs@ = Cw

“JUSUIS[e XII1jRW pIdonpal J[SUls B Jo SULI) ut d[qIsseidxa are 21 oY) ‘Anjourwids

@)
(£)AS 30 Wy 9Y3 Ul ‘}2[3UIS © OJUI ¢ PUR ¢ ‘g UR SUIQUIOD 0} Ao JUO A[UO ST SIS} oUIg

€

{njowrwiAs Ioaep (£)/1S I9PUN 19120 UE SE SULIOJSUEI} JUSLIND d1j2uTewond9]d 2y} jo 30a1d

Tenb yy8y oy, ‘A1powrwids yrenb Laeoy £q paxy jou st ¢ Cwa. ‘qua1Ind d1joudeurorldde

13 jo o0otd yrenb jySy oy 03 Surpdnod uojoyd Y3 WOy SSW0D ey} orf 3o jred ayg,
*[8] "3oy ut pauyep st +3 a1oym ‘Pw/(1) 37 — 1] Cwe/z) = A.:l s9UW1029q
¢1) by ‘7w/1 19p10 3y 8] skedsp 2, — g otuojdaiuas Ul INdJ0 YIIYM Isoyy o3

»aye[e1 are w1 jo Jamod ® £q passaaddns suoi}da110d S[YM ‘aiqejndwod are asoqe 9y}
» SUOI}O21100 (Pwt)*® 2AlyeqINyIag “Ioaep drenb jy3y oYy jo juspuadaput st (y)7! P1YM

Usm

e1) g W

‘(2] A1yourui£s yrenb Aaesy Ag *(,y jusUIS]E XLIjew
1o1y15URI} (7 0} L & 10} o[qisuodsax st (1) "bg ut wiiey jsef 2y, 'pardeldau useq davy
“2w)?0 J9PIO JO SUOIJIRII00 YRy} pue ““w = 17 Juiod UOIIORIIQNS © 8 PIYEN[RAS aTe (11) ‘b3
11 sSurpdnoo pue s107e19d0 513 JeYj POOISISPUN 3q 03 ST J] *2wa/T JO S10308J FIOW Y3Lm SWIIS}

so30uap stsdipe 2y ], “Suidnos srjeudeurordse oy st 2 pue Jurjdnoo Juoxys sy st °6 a1oym
(e1) “yarg + Loy b+ e ="

aAtyeAlIap jwetreacd ayy st '@ ‘(11) b Ul

2wg >wg
- ....+=.m~?wcib?\wm >~ eUEQe&ib?ﬁ T
: B @), D Sy (@)
@1\ )1 ©) Ok

st yrenb wireyd 5Y) Jo suoljoRILYUL d13PUTRWIOIOF[E pue Suolys 10§ Aysusp sfueider]
ayy ‘[g] A109y3 yrenb Laeoy ey oY) Ul Arppwrwids yrenb Lawoy £q paururiajep st
‘)7 ‘yuaLImd omuoww.mao,sooﬁo 2y} jo aoord yrenb urreyo ay3 wolj sawod jeyy * jo jred
ayy, -2"l2 m ‘‘quermd onjeuSewon}ose oy3 jo jred jyrenb uireyo Aaeey syj o3 Surydnod
uojoyd ayy pue ‘s"Ls m - a.bw £ _nilnt n g ‘quarmd srpuSewo1idspe Yy jo jred yrenb

1481 243 03 Surdnoo uojoyd oYy WO} SUCHNGIIUD §398 JUSWSP XLjew L°q « . Y,

o) € »
(o1) , “elal 7l 5 = (@~ la)a
St 9%el
£eoap Junymsaz ayJ, *,( oYt Jo uonyezirejod ayy st (.@)? pue uojoyd ay3 jo uoryezirejod

ay3 st (4)? ‘wmjuowour uojoyd 3y} St ¥ ‘yuUSWOW dYeUSRW UOKISURI} 5Y) St g/ 72 a1oym



6126 AJDd 1ue1d 1opun vorssiwio)) £10jeIoqer] Yoreasay [euolieN
sexa, oy} woaj drysmof[3 [euotyep opioaredng Sunonpuosiadng e jo yJoddns ay3 sa8pa
-[mouse SPIN "1808G68-AHJ Tequmnu preme 107e81yseau] Sunoy [eljusplsal uoljepunoy
aouswg [euoneN e 4q pue ‘0G00YHI18-0-OVAQ IPqUINY J0BIFUOD PUe GyE0YHH06-60D
-g0( 1°qunu juesd opun £31ouy jo yuowjreda( a3 £q jred ut payroddns sem Jiom siyy,
-uoryestiqnd 03 zo11d sn 03 s3MsaI I6Y) SuljedUNWUIOD 10} WYY 03 yeress are ap “[01]
181005) pue oy)) Aq auop useq osfe sey Iaded siyy ut pajuasaid yeys 03 Ie[IWIS YIOM

‘sedap UOAIeq pauLIeyd SAljeIpRI UO UOIjRULIOUL [RjUSW
-11adxs ou st a1ayy swity jussaxd oY) je ‘Ajyeuniiogur) -a[qrssod st spoyjout sures 5y} Juisn
suofreq pauLreyd jo sAedap aaljerper ayj jo sisffeue uy °(q1) "bif £q uoatd st &1 axoym

€
(81) n_m_n_Cwl_m = (L*g « Jg) a1

sowodaq (1) by “wt/1 pue ¢w/1 19pIo Jo s30Y> SurjoaaN “Aeosp g 9Aljerper o}
Syjpism 9y} 3o1pad 03 pasn aq ued 1aded s1gy Jo s3[Nsa1 3y} ‘(>ws/ 1 I9PIO JO SUOIIILIOD 03 dn)
swraysAs o pure q oYy ut sures oy are g pue 5 jey) samsud Axjourmads jrenb £avoy soulg

.aqmu.uoaﬁm
(194 3q fewr *w 1apIo Jo surdy Buryejoia (g)S ‘vonenyts siyy ul (“uidsost 4q usppiqio]
5t L — I vyl ON) WP g [rews L1904 e ur Sunmsar .A.:.: pue Cw.l usemjaq
1Torye[jeoured Suol)s € St 210y A°(J — 1 10} ‘Ioromo] -olyel Sumpuelq L g — 4.d Y
jo uorjouny © se oyeI L°q — I 9y3 ipaid 03 sn smofe 1aded sy ur sishreue Y],

'z ‘8y ut 8,6 jo s3ues oy} Jo aUIOS JsEI| JE 10}
paaeyaq [[am st uoistredxa 3y} jeY} DUIPYUOD JWOS ms soAl® sIq], ‘Q'Q = O 10} SOULIAYIP
ssew a3 Jo 940¢ noqe st jred spAeweuou ayy jo spnjuSewr .o.a.H *ASIN 00T = +tdw
~ "G ‘Arejustariadxy jUe)stod umowun ue st ) pue § = Pws = *w 198 o>.£.~ am aIoyM
299

b8

L) ¢ (b + Mwig) —fwy = +Qw = "Aut

6] , e 19pI0 0} %m»oowomﬁvsoﬁ.85%&%38+Q|.Qo££m§ooo
£moap (] SAtjeIpel Ul PUNOJ JARY oM JeUM O} Te[Imls wi Uo duaptadop duATeueuoN
.—uv.._ooﬁwow st uonRIoNA (§)/)S UIYM paIoAe] are m Jo sonfea
18re] -umoys st ( Ce.l 10§ ($1) by Sursn -a°1) uorgejoia (g)Ng JurperSou ,Eoy.« Smof[oy
yey3 5 Jo onjea oy ¢ "y U ‘5 Jo son[ea Io[fews oudY pue ‘oljer Jurpuelq L, q — y.d
[rews © 10A8} | _ASD § = JO uotjespadxo apow yrend Eo:ﬁﬁnov omamgmuw._ou-aou 3y} Ieau
¢ 3o sonfea jeyj ON ‘g 0} paziewrzou st Ul -pIYOpP Y} ey o8 .N\,m ,.3 paydnymux
usaq [re aaey sanfea ayJ, ‘(ull pros) cwa 0} uUolNQLIJUcd duyA[eUeUOU moo—.‘oro aq) pue
(oury p110p) ¢ ‘(9 PONOP-PIYSEP) (yy JO Tl 0} SUOHNQUIUOD G OY Jo SN[
an[osqe a3 SMoys § ‘31 ‘stsA[eue Ino ut ojos Juelrodwt we sherd nomq.ﬁo? (®) b S YT,
¢ ‘8g wt panod st styy ‘(L 4@ — +.@)UE
Jo uorpuN} 8 se (7 Y} JO YIPIA [303 23 nduiod wed am 6 Jo son[ea mo pue (2) ‘b3
wol "SUOYI2LIoD wt/] Sepnpul yey) 5 jo onfea A1), Ue SI Lem siyy ut vo.au,a.sxo
5 Jo onfea oY) ‘sAedap ,( AlyeIpEl 3Y) Ul PIPNIUL U] AR 51099 sw /1 9oulg ‘[opowt
sj7enb jusnj1sUCd OWSIAITE[RIUCU 343 JO Siseq 343 U0 Pa3oadxa st yeym Ureyy Jo[rews are 5 10§
sanpea paloae] a3 ey} 290N (‘APDH L'T = >ws uayey v>.3 M) g "8y ur umoys st 3nsax YT,
‘srenb £aeay oY) Jo yey) ueyy 193eail wm,ﬁBﬁoE. uoryiswe; yrenb yyBy oy “as ()77 < c.wa
pue ([y] ‘394 Aq paxmbax se) 1 > 6 sjurenssuod a1} Sursodut £q 383y} JO 31Ty pajRUNIIR
om .6 10} SUOHNIOS JULISYIP IO} SAALT o8] UL SIYY, "L @ ¢ 4. 10} O1yex Surgoueq oy
Jo uorpuny 8 st 5 soA18 (2o « u@)UE/(Fod + o+@)UH JO 30[eA PaIMsEIW 21} Busn



WP 4T 31 PUe (A4 @ — 4.q)dd UO sy [a43]
30USPYU0D 3406 Y3 Ayedpul smoxre AT, ‘(L@ « (@ )UE PUC (o200 — o )UEL
ur suoryeLIRA OT SY} O} anp AJUre}12dUN 3Y) S2JLIIPUl UOLSI papeys 9YJ, ‘uole|
-ota (g)§ Suuroudi (L, «— . )dd jo uorpuny e se 5 juejsuod Surdnoo ayj,

Lo 4o 10} JUSWAPD XIIYEUI Y3 OF (SUI PLOS) W13} \wE anjhreueuou dooj-auo

Yy pue ‘(aur] pa33op) g ‘(Sul] p233op-paysep) () jo 1l 03 SUOIINQLIFUOD SRy
YIPIA 1@ 2 PUC (L1J — o) UO SHWI] [949] 20UPYUOD %06

ayy oyedtpul smorre AL, ‘(bo@ «— oo )UE PUR (g2od — o« )Y Ul sUOHELIEA
0T 9Y3} 0} onp AJuUrelssoun 9y} SYEIIPUL UOLFSI papeys oY, 'sPY° Suneslq
-(¢)nS Sutpesy Surpnput (L,q « 4.q)U4 Jo UOIPUN ® SB . Y3 JO YIPIM
WP 4, 243 PUe (L — 4. )gE UO SHWI] [243] 30UIPYUOD %06 23
ayeotput smorre oYJ, ‘(Lo « ou@)UH PU® (o200 + o.)Yd Ul SUOHELIRA O]
5y} 0} onp Ajurejzooun 3Y) sayedIpUl UOIFSI papeys Y], 'syeye Sunieaiq-(g)NS
Surpes Suipnpoul (L, @ «— 4.J)dd jo uorpun} ® se 5 juejsuod Jurdnod syqy,

: &1 09 suorynqLIjuod dAreue-uou Surpes| 3y Sutalld sureiSerq

suoryde) aanSig

‘g 81

'y S

¢ g

T 9
13y

£90V/20-dLNH utadarg prearey ‘3109 "H pue oY) d

(z661) 91-26-HL-IvVEdD ‘A0 1

L¥% (0661) 928z 19T shud ‘oqnT ‘W

128 (0661) L£2 "13°07T 'sAUd ‘€11 (6861) €28 "1197T 'sAyd ‘st g "W pue mnSsf N
81 (1661) LS6d "SAUJ ‘NN ‘0T ‘W PUe URISUUD ‘g ‘Yred J 'V

7% (0661) H0¥E “1°T 'shyd ‘181009 g

118 (0661) G¥€C "11971 "sAyd ‘IH "g pue uaypIy g

631 (¥861) ¥e2d sAud "PON ‘181000 “H pue Ieyowey ‘A Y

08 (2661) €8Lg 11271 shyqd ‘(' 12 Befreq ‘) uonyeIoqe[io) YOWODIV 2UL

, 8¥11 (2661) 9¥Q A3y 'sAqd ‘v 12 wex "W "L

4282 (2661) €08 "2 'sAyd ‘snySouo( g ‘[ pue wewpimg ‘5

‘8812 (2661) S¥Q "4y 'sAud ‘st "W

120¢ (2661) SvA "9y "shy{ ‘adedo] d "D pue sopduy ]

, ‘g6¢ "d ‘(6861)

a1odeBulg ‘Og1ULIg PIOA “"Spe ‘euwreyy] *D “J PUe [ewre)] ‘N 'V ‘9867 vpoun) fuog
‘amansur sowwng Juog ayp Jo sbupIdosd ‘s spItg puv §3]914D UL ‘19USOY T ‘L
(2661 Amf) €¥11-26-SN'IO ‘(10 #2 ‘391Ang "g) vonyeIoqe[io) OO YL

$90UdIdJY

lo1]
l6]
8]
]

[9]
gl
¥l

[¢]

[z]
f1



7 N3

[ 2In3]
*:d < +,@ud
S00 00 €00 200 100 O
i T 1] 1 1 T 1 i o
4620 a 0.d w3 «d 0. +{d
- \ \ 14
AN \ /
150 o oo aS L _ -
1520 w W
i a wa od  od wd 0xd
41 ./ q/ T
/
\ \
any - |V~/ ~ -~ l\vm



p 2In31g ¢ o131

*d « +,@¥d *d <+, @¥d
GO0 $0°0 €0°0 200 10°0 0 G000 00 €00 200 10°0 0
R R L] L] 1] L T 1 | o
- 405
R 4 001
- 4 0S1
i “\ I (1 1 1 [ ] w T OON




S0°0

G oIn3L

R d < +,@Yd

00

€0°0

200

10°0

L)

S0

St



	
	
	
	
	
	
	
	

