Tests of QCD Using Hea vy Fla vors

David Muller SLAC

Representing the SLD Collabor ation

¥^{Gluon Jet Proper ties and}

Anomalous b bg Couplings

(257)

¥P-, CP-violation in e^+e^- ® Z^0® bbg (258) ¥Measurement of the B-Hadron

Energy Distr ibution

(261)

see also: The Fla vor Independence of a_s In talk 311 b y P. Burrows, 11:20

(253)

The str ucture of 3-jet e vents , e^+e^- ® g /Z^0® qqg, has been studied inclusiv ely in great detail

If q, q, g jets w ere identiÞed:

¥ Complete tests of pQCD predictions

¥ Improved sensitivity to ne w physics

Hea vy quar k (b,c) and antiquar k (b,c) jets can be identiÞed using lif etime , charge inf ormation ¥ maximal sensitivity to ne w physics ¥ important chec k of models used to e xtract electro weak par ameters (R_b, A_b, R_c, A_{c, ...})

d^5s /dxdxdqdcdf = H_1 F_U (1+cos^2q) + H_1 F_L sin^2q + H_1 F_T sin^2qcos2 c + H_1 F_I sin2 qcos c + H_2 F_P cos q + H_2 F_A sin qcos c

( + T-odd, CP-odd terms?)

here: x,x = 2E_{q,q} / cos q ~ _e- ¥ _q cos c ~ (_q ´ _g) ¥ (_q ´ _e-) F_j = d^2s_j/dxdx depends on QCD H_k depends on EW Physics

X X I Xt h I C H E P

D. Muller J uly 25, 1998 SLD

b/b, c/c jets can be identiÞed using the leading long-lived B, D hadron in the jet

Tag c ,b jets b y:

1) a large n umber , n_{sig}, of tracks in the jet with transv erse impact par ameter d/s_d > 3 2) searching topologically f or a secondar y vertex in the jet and cutting on the vertex mass

Vertex mass (GeV/c^2) uds c

MC b

Data MC

b c u,d,s ,g

~3mm

Is the Strong Coupling a_s Independent of Quar k Flavor?

¥ Tag b and c event samples using v ertex masses uds event sample: no v ertex and n_{sig}=0 ¥ Measure 3-jet r ate R_3 in each tagged sample ¥ Unfold for tagging efÞciencies , small biases

Expectation f or m_b=3.5® 2.5 GeV/c^2

a_s^c/a_s^{uds} =1.036 ±0.064

a_s^b/a_s^{uds} =1.004 ±0.041

1993-95 data, 150k Z^0

® Sensitiv e to the (r unning) b-quar k mass m_b ® See talk b y P. Burrows in session 3B

Gluon Energy Spectr um in q qg Events

¥Select 3-jet e vents (J ADE, y_{cut}=0.02) ¥Tag (only) 2 jets as b/b by n_{sig}>1; the other is g ® 1533 e vents , 91% correctly tagged b bg 35 with highest-E jet tagged as g 180 medium-E ¥Calculate gluon jet energy kinematically

Corrected Gluon Energy Spectr um (1993-95 data, 150k Z^0)

D. Muller J uly 25, 1998 SLD

Search f or Anomalous Chromomagnetic Couplings at the b bg Vertex

L^{bbg} = g_sbT_a(g_m + is_{mn}k^n(k - ikg_5)/2m)bG_a^m

QCD Magnetic Electr ic (CP)

¥Fit PS MC+anomalous theor y to data: k free, k=0

95% CL Limits: - 0.15 < k < 0.09

A Study of P arity Violation in e^+e^- ® Z^0 ® bbg events

where

¥ Select 3-jet e vents with at least one vertex with mass > 1.5 GeV/c^2.

® 8510 e vents 87% b bg, e=69%

¥ Tag highest-E jet (jet 1) as b (b) if the momentum weighted jet charge , Q= S_iq_i|p_i¥n_{thrust}|^{1/2}<0 (>0) ® correct tag fr action: 67%

¥ From the left-r ight-forward-bac kward asymmetr y in the b-quar k polar angle , cos q_b ~ - Q(p_e ¥p_{jet1}) we e xtract A_p/A_b = 0.948 ± 0.064 ± 0.071 (preliminar y)

(1993-97 data, 310k Z^0)

ds /dcosq_b =(1-P_eA_e)(1+acos^2q_b) +2A_P(P_e-A_e) cosq_b 2pds /dc =(1-P_eA_e)(1+bcos2c) - A_A(P_e-A_e) cosc

P_e = electron beam polar ization (±0.73 for these data) A_p = A_b ¥F_P/(F_U+F_L) = 0.94 ¥ 0.93 (F_i = ò_{acceptance} F_i) A_A = A_b ¥F_A/(F_U+F_L) =-0.94 ¥ 0.06 (expected v alues)

D. Muller J uly 25, 1998 SLD

¥ Tag medium- (jet 2) or lowest-E jet (jet 3) as the gluon jet :

jet 2 if n_{sig}^{(2)}=0 and n_{sig}^{(3)}>0 jet 3 otherwise ¥ Calculate c ~ cos^{-1} (_q ´ _g) ¥ (_q ´ _e-)

¥ Fit to e xtract:

A_A/A_b = - 0.016 ± 0.045 (Preliminary) - 0.064 e xpected

Search f or T_N-Odd and CP-Odd Eff ects in Z^0 ® bbg Deca ys

ds /dcosw = (1-P_eA_e)(3-cos^2w)/3 + 2A_T(P_e-A_e) cosw

where cos w = s_Z ¥n s_Z = spin v ector of Z^0 n = nor mal to 3-jet plane

¥ Using the same e vent sample ,

¥ Calculate the v ector nor mal to the e vent plane:

1) ~ _1´ _2 Energy Ordered T_N odd, CP e ven

from A_{LRFB} in |cos w|: - 0.039 <A_T^+<0.035 95% C .L.

2) ~ _b´ _b Flavor Ordered! T_N odd, CP odd

- 0.086 <A_T^- <0.040

D. Muller J uly 25, 1998 SLD

A Measurement of the Energy

Distribution of B-Hadrons

¥ ÔCalculableÕ in QCD

¥ Important input into other hea vy ßavor msmts .

¥ Mean value measured precisely , but model/shape dependent

¥ Shape of distr ibution is not w ell measured

® Must de velop techniques to measure the energies of individual B-hadrons efÞciently and with good resolution

¥ Select B-hadron deca ys: topological v ertex with m > 2 GeV/c^2

¥ Using m_{vtx}, p_{vtx} (from assoc. charged tr acks) vtx ßight direction (from IP, vtx positions ) m_B = 5.28 Ge v/c

set an upper limit on the missing mass , m_0

(m^{vtx},p^{vtx})

(m^0,p^0)

¥ (m_0^{max})^2 = m_B^2 - 2m_B(m_{vtx}^2+p_t^2)^{1/2} + m_{vtx}^2 ¥ Phase space/kinematics ® most tr ue m_0»m_0^{max} ® take m_0=m_0^{max}, calculate x_B = E_B / E_{beam} ¥ Resolution on x_B improves with decreasing m_0 ® require m_0 < 1.1 GeV/c^2 + f(x_B)

D. Muller J uly 25, 1998 SLD

¥ Uncorrected distr ibution of x_B 1996-97 data, 160k Z^0

® Complete co verage m_B - E_{beam} ® Symmetr ic residual distr ibution at all x_B ® JETSET+P eterson (e=0.006) vs. data: c^2=58/17

X X I Xt h I C H E P

D. Muller J uly 25, 1998 SLD

¥ Subtr act bac kground, Þt various functional f orms to the uncorrected data b y weighting detector level Monte Car lo events

® Several functional forms can be e xcluded

® <x_B> = 0.719 ± 0.005 (stat.) ±>0.001 (shape)

Summar y

¥ Excellent tagging of b and b jets, B hadrons (especially low energy jets/hadrons) allo ws detailed studies of e^+e^- ® qqg event structure , shape of B-hadron energy spectr um

® NEW measurement of the gluon energy spectr um ¥ Consistent with QCD predictions ¥ Limit on anomalous couplings , - 0.15 < k < 0.09 95% C .L. (preliminar y)

® NEW tests of P-violation in Z^0 ® bbg deca ys ¥ A_P/A_b = 0.948 ± 0.064 ± 0.071 (preliminar y) ¥ A_A/A_b =- 0.016 ± 0.045 ± 0.001

® NEW tests of T_N-, CP-odd eff ects at the b bg vertex ¥ - 0.039 < A_T^+ < 0.035 95% C .L. (preliminar y) ¥ - 0.086 < A_T^- < 0.040

® NEW technique f or measur ing B-hadron energies ¥ Se veral functional f orms for distr ibution e xcluded ¥ < x_B > = 0.719 ± 0.005 (stat.) (preliminar y)

¥ Potential for substantial impro vements using full data sample ( 550k Z^0s vs . 150-300k used here)

® few % or better errors on abo ve quantities