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Motivation and goals

multi-tagged bb event
0 Double tag b-analyses (pu, pD*): low bckg

K — low muon p_ cuts

T — sengtive even to B mesons ~ "at rest"

Secondary Rear and Forward pu—detectors

— amost full rapidity coverage

primary vertex direct measurement of total bb cross
section without cuts @

statistic significance is already good
jet. T tagging both b quarks (_uu)
— explicitly measure bb correlations O
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Previous "double-tag” b results : pD*

ZEUS @p*>14GeV

_ _ @ 40 oo @ -1.75< < 1.3
* unlike-sign uD* § . ® ZEUS(prel)96:00  @p 7 >19Gev b cleanly
pairs produced in the - beauty R @|n”|<15 1 separated from
same hemisphere: S 30 || charm (fake p) ] wwwpww_/ high AR charm
ure b sample ' L background
P P 25 | unlike-sign J
20
15 |
009000990900, " |
- ; ZEUS
— s
i 2 A ZEUS (prel.)96-00 D'y
%9 05 1 1.5“2“"2.5"'3"”35 — 0 —— NLO QCD
AR € D distance in n—¢ plane Vv
- NLO (FMNR, HVQDIS)
_ _ %1 > tends to undershoot
* Measured b-level cross sections separately in = data
DIS (@*>2 Gev? 0.05<y<0.7) and PHP (@< 1 Gev? 0.05<y<0.85) 910
for b-rapidity {, <1 (& wholep_range) Ps
B o }
o, =15.1 + 3.9 (stat.)’;7 (sys.) nb 0, =50 nb o L=PhP—[f —
o = 3.2+ 15 (stat.) *3(sys) nb Opis= 087 515 D
DIS (Stat.) 1 o(sys.) Q° (GeV?)
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Signal topologies and data sub-samples
LCC L Q Mass + charge: B

\wu_ K‘ N — 4 regions \ c}‘ =
\ -

Il
unlike-sign NN
m, <4GeV | m >4Gev g B°B” mixing

@ + F + F

c &

2 m <4GeV| m >4cev B

(@ M Hp =

= ++ ++

like-sign

b b
/ 4 GeV ~ B mass— hadrons/ vs CH Ccu
Mainly light flavour \\ n

background H
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Backgrounds (bg) and Monte Carlo (MC)

di-p backgrounds

— open ¢ production
* high mass, unlike-sign

* low mass, unlike-sign

* high mass, unlike-sign T : T :
— fake pu (~ light flavour bg) , COSMICS " .

P X P X

Monte Carlo samples
— and charm: RAPGAP (@>1cev)& PYTHIA (Q2<1Gev)

- each DIS/PHP from various generators

- W and trigger efficiency corrections from data applied
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Main selection cuts

Datasample L =121 pb-! HERAI data, 96-00

Event selection
> Online: comblnatlon of i, hadr-charm, di-jet and DIStriggers \ charm
> Calorimeter ; E, 10 beam. ES“>8GeV (~2m,-missing vs)  » peqty

> di-p background cleaning cuts

p; asymmetry < 0.7 an<3
01 < p(u+p)/E_< O.7high_/ 05 .
_ 1Z | <50cm
L selection 22 <n Z-ntanlz 6< 25
> 2 U with ap-finder integrating various detectors §

Barrel-Rear Muon chambers (inner or outer), Forward muon chambers,
Instrumented Iron Y oke, supplemented by Calorimeter (m.i.p.s)

pT(/J) > 0.75 GeV for "high quality” /i (several det.s) e
pT(/J) > 1.5 GeV for "lower quality" L (one det. only) Z
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b b $

LAc:c* L> CH
MIPNAN

e good MC

description

v ~ 2000 events

di-p mass distributions

ZEUS :
30“:IIII ' T 17T T T 17T T T 17T IIII: E 300:IIII|IIII|IIII|IIII|IIII|IIII|IIII|||||||Ij u_v/ s
C - 1 e u s ZEUS (prel.) 96-00 g
250 = @ 250 JIbbMC 2
- \ 7 W [ 1Jhy,y',BHMC B
il - - [ IecctMC b b
200: &e& : . 200: +$ [ Il bg est. L
150 = 150 o™ cu
- ] - _
1001 E 1000 [ \
: . =] '
.__ 0:IIII|IIII|IIII|IIII L1
. . 4 5 8 9 10 11 12
mi, (GeV) mit (GeV)
300_IIII IIII|IIII|IIII|IIII_ E 300_IIII|IIII|IIII|IIII|IIII|IIII|
"+ +/-- 1€ F
250 =4 @ 250 b b
- 1 -
200 - 200
: E : - &‘ oW
150 = 1505 ‘\l\;
1000 charm E 100 u iy
S0 LF background E s
= .
05 25 3 35 % s 8 9 10 11 12
mi, (GeV) mit (GeV)

e signal and background normalisation: see next dides —
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| solation cuts

L from b accompanied by hadrons
— non-isolated

for each .
2. E =sum of energies (CAL + tracking info)
in coneof AR (= VA@2+An2) <1 around

(excluding ps)

primary vertex di-pisolation | = \/ ZE12+ ZEZZ

non isolation = | > 0.25 GeV
| >2.0 GeV inJy-g massregion

(2.9-3.25, 3.6-3.75)

jet T
BH, elastic J,' background easily constrained by
using the isolated di-| samples
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Charm background normalisation
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D'u banaIySIS D' peaks ZEUS
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ZEUS: b production with i correlations

e D'n anaysis: ciswell separated
» clean correlated cc data sample
e D' topology very similar to pp

— MUK charm MC normalised
to D"pcharm data sample
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Light flavour bg method and signal normalisation

Light flavour (LF) background for the non-isolated high mass sample:
obtained from the like-sign data (would require fully inclusive PHP MC sample!)

L|ke‘S|gn JUSt beauty& LF bg ﬂ 300_'"|||||||||||||||||||||||||||||||||||||||_
c - ¢ ZEUS (prel.) 96-00 -

Q@ 250 Cbbmc =

— LF bg ¥ data- beauty MC S = 3
- +$ [ ifl bg est. ]

150 .

e Assumption: o unlike-sign| -

Bl

tested to hold to high degree on a on dedicated ouideuhiulin i s

bg sample (loose p quality cuts). Only small mass mjt (GeV)
dependent correction needs to be applied. 2 e L R I R R

e 2501 =

charm + BH + Jy+ (' fixed w znni_datad:ef MC _
vary beauty MC normalisation to fit unlike-sign data 10, ikesgn] -
obtain 100— =

50— s

.,5....|....|....| ....... L3

" 5 6 7 8 9 10 11 12
mit (GeV)

nv
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Muon p_and n distributions

ZEUS
ﬂ 1400: l | L | (L ZI,EllJIS (I l I')IQBI OI{:l | 2 ﬂ 8["]: | I T T T T T T T T | Ij
c — = . prel.) 96-00 | € =
o - IbbMC 1 2 700 :
w 1200 [ JJy,y,BHMC  — W 600 4 ; non-isolated
- [ JcTMC ] - .
1000:_ Ad [ Ifl bg est. = 500;— unlike-si gn u pa| rs
800 | — 400 =
600 I TL = 300, E
4001 | | = 200 =
200 | = um;F =
0: AN B — 0 [ N T Y -
o 2 4 6 8 10 2 1 0 1 2 3
° ~40_50% .{En 014 II|III|III|I|£|II|_III|III|III|III|IE
. bb MC (PYTHIA direct)
A cceptance down to very low p; 2 o £ 1 |
[
e Very largen range (-2.2 — 2.5) ® 01 Pr OF tagg
0.08

* MC (scaled ~ 2 X) agrees with data

Measurement is directly sensitive
to total b cross section.
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Visible cross section

Definition of the visible cross section

guided by detector efficiency, g
to yield minimum extrapolation 1 us

factor (acceptance ~ 30 %, 2" for
purity ~ 40-50 %) for
both [
_ bb,,, + by — MC
Nys - . = (data,, — data,,, — charm—BH - J/¢) X bb, .- by
Result:
G _(ep- bbX) = 44 + 5 (stat.) *E; (sys) pb  (prel)
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Total b cross section

Monte Carlo cross sections

PHP (Q@*<1 GeVv?): Pythia6.203 ¢ (318 GeV) = 6.89 nb
(Q'<1GeV?): Pythia6.203 0,(318 GeV) =6.89n M easured M C scale factor:
DIS (@*>1 GeV?): Rapgap 2.0806 0.92 nb

DIS+PHP = 7.81 nb 2.06 £ 0.23 (stat.)

0, (ep-bbX) (Vs=318 GeV) = 16.1+1.8 (dtat) ,; (sys) nb  (prel.)

@ dala

NLO QCD predictions: | NLOGCD ZEUS
e FMNR (PHP) (CTEQ5M) 5.8
e HVQDIS(DIS) (CTEQ5F4) 1.0 | o _fep—bbX), ZEUS(prel)96-00uu | di -l | ——

+3.0 _ .
—» 6.8 17 nb aglep — b or bX), ZEUS (prel) 9600 D u | —+
' Q-1 GeV?, rap_c“_:,bd, 0.05<y-<0.85 D*IJ'

45<m<5.0GeV N e _ . .
b M, =V m +p” (FMNR) slep— bor bX), ZEUS (prel)9600 Dy | [ e
0.5<p/p, <2  H=Vm+Q@ HVQDIS 2 56ey?, rap. b1, 0.05<y<0.7 |

Main contributions to systematic error (+33 -30 %): 1 10
p-efficiency, bg subtraction, p_(b) shape (varying dir-res, exc. components) G (nb)
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Conclusions

* Di-u method established, proved reliable
for measurement of b production, good

statistics

bVIS

NLOQCD 6.9",; nb

e Does not NLO prediction
(FNMR+HVQDIS) look too small ... ?!

Outlook

ZEUS
L di-p | -
(ep—bbX) = 44 + 5 (stat.) "> (syst) pb [ e
5.3 (prel.) | D
. (€0 bDX) = 16.1+1.8 (stat.) ">>(syst) nb " H _
1 10
G (nb)
u+di-jets result ZEUS
@m llllllll C dodpilepoebX)
;;:102 B *$ ;‘lz::evz 0.2<y<0.8 3
5 é_ '- =N )
/ ] _ o ZEUS96.97boe ) f -
. NLO QCD g, :

e measure differential cross sections (pT)

e extend to HERA |1 data
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Muon classification quality

By the “clarity” of the muon signature the
reconstructed tracks are classified -
exploiting detector redundancy.

Examples of muons with
different quality:
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Muon chambers n coverage
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