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LHCb, New Physcis

LHCDb is the dedicated flavor physics experiment at the LHC.

*ATLAS and CMS search direct production of new states
LHCb designed to search for indirect effect of such states on
charm and beauty decays via virtual production in /oop diagrams:

» Such an approach can be very powerful: b MSSM e
eg BY-—B? mixing discovered at ARGUS (1987)

— top quark unexpectedly heavy: m(t) > 50 GeV/c?
« B, —pu: SUSY? Bxctan®p/ m,*.
« By — upK,: Right-handed currents?
« B, — J/yép: Beyond-SM CPV?
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LHCDb, CP violation

SM CPV arises in the weak decays of

0.7

hadrons from a single phase in the quark o ' | ' : \ 'E,:ﬂu! ]
mixing (CKM) matrix (testing the Yukawa | %[ K TR
couplings to the quarks). " : E
Necessary to generate matter-antimatter| |, § i _
asymmetry. Size in the SM too smallto | E: QR :
account for observed baryon/photon ratio | r
— new physics expected. 02 3
Direct CPV measurements. 0 \
B -
« SM CPV precise determination. o B’ e :0
04 ] ) 1.
« vy poorly known: depends on b — u 5

decays. Higher statistics at LHC. - ~

+ B, sector not explored in detail. | [-4%/2- 1/8 A A (p-im)
. . v= 4 1-A212 -A*18(1+4A2) AA? + 0(4)

CP violation in charm. AB(lpin)  -ARHA(1-2pin)  1+AZAA

. /

ub ==Y
e Vi pxlo PRI ya6¥
arg V=B '
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Spectrometer
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Low angle production — LHCb spectrometer S peCtro m ete r

design: forward (operating in collider mode). :,‘>

bb cross-section = 284 + 53 ub at the LHC (pp collisions at Vs = 7 TeV).
[PLB 694 209]

~ 100,000 bb pairs produced/second (104 x B factories)
Charm production factor 20 higher! [CONF-2010-013]

Warm dipole magnet. Polarity can be reversed.
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 bb cross-section = 284 + 53 ub at the LHC (pp collisions at Vs = 7 TeV).
[PLB 694 209]

~ 100,000 bb pairs produced/second (104 x B factories)
Charm production factor 20 higher! [CONF-2010-013]

« Warm dipole magnet. Polarity can be reversed.

A % N
7l g M4 MS O\
sml-/ / SPD/PS M2 WP LR - R PAR RSy REREl EREEIEREEN RS ERERN EARANRSNA
HCAL ' A=A g‘ 0.3~ \s=7TeV ATLAS+CMS+LHCb
- o . Preliminary]
10 - 300 mrad E o2 3
..... \ > r ]
Vertex g 0‘1:_ —:
Locator QO C ]
TS e NEEEE |00 B e ween R o 0 -
® [ o« ATLAS (extrapolated data, W — Iv) 35 pb’! 3]
_C - -
A\ o -0.1— = CMS (W—uv)36pb’ —
................................ H I ®  LHCb(W-pv)36pb’ ]
; 0.2F MSTWO8 prediction (MC@NLO, 90% C.L.) _‘
E R CTEQS6 prediction (MC@NLO, 90% C.L.) E
.o B ERopsmaoeno ol | )L, 3
o o5 1 15 2 25 3 35 4
<4 ATLAS/CMS ¥ [n ]|
G [ HCD
CPAN workshop. Barcelona: Cibran Santamarina 7

2-4 November 2011
U. Santiago de Compostela

[6€0-1102-ANOD-9DHT]



Luminosity / 1e30 cm-2s-1

Data Taking

Nominal luminosity = 2 x 1032 cm=?s-1. LHCb adapted to higher pileup (u~2).
Accumulated data in 2011: 1.1 fb" out of 1.22 fb-".

Automatic adjustment of colliding beams offset: luminosity leveling.
Sub-detectors all with > 98% active channels.

Two level trigger. Rate reduction: 10 MHz input to 3 kHz. Event size ~35 kB.

Data processing: Spanish TIER-2 center. 6 -HC 2011 RUN (3.5 Tev/beam)
—o— ATLAS 5.365 fb™!
T —&— CMS 5.460 fb™!
€ 5] o— LHCb 1.157 b’
> -1
1000 - 2 —o— ALICE 4.889 pb
S 4 ||PRELIMINARY
IS
800 - A =
GPD luminosity 8 3t
falls-off exponentially o
600 - 2
€ 2}
©
400 —f= : %
Luminosity of LHCDb levelled continuously = 1l
- s 1 &
o | | T - oo o (W A == ;
LHCb design luminosity 0 Lo il P ' ' !
Mar Apr May Jun Jul Aug Sep Oct
0 - r r v v Month in 2011
00:00 02:00 04:00 06:00 08:00 (generate d 2011-10-24 01:17 including fill 2241)
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Vertex Locator (VELO):
Primary vertex and B decay vertices.

21 modules of back-to-back silicon sensor disks,
R-¢ strip geometry.

Retracted for safety during beam injection.

300 um-thick silicon, 2048 strips/sensor, 40 um
Inner pitch.

IP resolution=12 um for high p; tracks.

For 25 track vertex: o, =13 um, o, =70 um.

Proper-time resolution: o, = 40 fs. B.— B,
oscillations measured.
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PID

Charged particles identified with two
Ring-imaging Cherenkov detectors
covering 2 < p <100 GeV/e.

High efficiency and Low noise Hybrid Hl

Photon Detectors (HPDs):
500 tubes each with 1024 pixels.

Cherenkov angle resolution 0.66
mrad per photon (in RICH 2).

Kaon id efficiency > 90% for pion
misid < 5% over a large p range.

Muon system: 5 layers of detectors.

w ID eff. ~ 97% for 1 — u misID rate
~1%.

Photon
Detectors

Magnetic
Shield s
| H|| s
A C4F
S 10 /| Beam pipe
e = :
VELO / | T > Track
exit window b *
od \Carbon Fiber
y ' Exit Window

Plane
Mirror
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LHCb preliminary ]
\Ns=7TeV, L=337pb" -

8276 signal ]

[6+0-1102-ANOD-dDH]

TT and Inner Tracker: silicon microstrips ~ 200 m :
pitch. 12 m? of silicon 4 layers with (0°, +5°,-5°, 0°) ot o
stereo angle.

B, masg‘{MéV]

Outer Tracker: drift chamber with 5 mm diameter o (@)
straws gas Ar/CO./O, (70:28.5:1.5). cjfo S_'f:av'
Resolution: A p/p = 0.4-0.8% (2-100 GeV/c). b gy
B, — Jly ¢ selection (Jly — utw, ¢ — K*K-): T Non-prompt Ji
o(mg) = 7 MeV/c? (LHCDb). i
~ 20 MeV/c? (ATLAS/CMS) R rorve\ Ewokie e el
yields/pb_1 and S/B |Owel’_ Jhpo invariant mass (GeV/c?)
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Physics Results
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Direct CP Violation in Decays

Complex Amplitudes: interference produces different effect in
particle and antiparticle.

*Decays with Tree and Penguin contributions: interference
between two diagrams.

Ay = |A]e’?re’™ Ay = |Agle’®2e
Ay = [Ay|e" e Az = |Agle!®2e

(K
(KH

Vio
BY— T~ ) B 5 @)

|A1 -+ A2‘2 — |A1 -+ A2‘2 — —4|A1||A2‘ Sin(¢1 — ¢2) sin(@l — 92)
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Direct CP Violation in Decays (2)

)
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Tagging

*Tagging of production flavor (B or B) important for mixing and CP analyses.
*Performance calibrated using control channels such as B* — Jhp K*.
*Tagging power: & (1-w)? = (3.2 £ 0.8) % (Opposite Side).

(1.3+04) % (Same Side).
determined with B, mixing.

B; — J/¢¢
Bs — D, n™
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Oscillations -

. B? (v 1t B’
* Flavor eigenstates # mass q 1% b
eigenstates. — - =
« Matter-antimatter oscillations.
 Frequency: mass eigenvalues > =~ o ProblB2](Y
] 21 Prob[BJ](t) o1
dlﬁe rence' e I;iopezr Lif::ime; S l;iopei Lif::imez
iy w 3\
« Sensitivity to NP. B Z
B° 'me . “signal B”
* Requires tagging. sz i B | B°
q gg g B \ > g B | mixed | unmixed
:3) B | unmixed mixed
W(t)) = a(t)|BY) + b(t)| BY) e =

ﬂ(a(t)): (Mll My )_i(F11 [ )
dt \ bli) My Moy 2\ Ty Ty

B} 1) have also definite decay widths: I’z z

alt
( bét)) ) M|By) = M|B})
M|BY) = Mu|By)
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LHCb preliminary
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Amg = (17.725 £ 0.041 £ 0.026)ps™ " ApSM — (16.8726)ps "

Cibran Santamarina 18

CPAN workshop. Barcelona:  raCch N @I
NGO oo |\
e U. Santiago de Compostela

2-4 November 2011




Indirect CP Violation

Interference: direct decay and decay after oscillation.
-Decay into a final state |f).
*Oscillations between the meson and the anti-meson.

*Two possible ways of accessing the final state with a
relative phase.

f ,
¢M ad Qarg(‘/;fs tb)
¢ BO —ng ¢s — ¢M — 2¢D
o7 /¥9SM ~ (0.0368 £+ 0.0017 rad

*Deviation of the SM implies New Physics.
*Events: time oscillation depending on ¢
*Requires tagging.

CPAN workshop. Barcelona:  rHCH UNely
2-4 November 2011 NGO oo |\
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i 0
¢.in B, — J/wo
First Tevatron measurements: indicated large values of ¢..

Discrepancies with SM: almost 3o.

[LHCb-CONF-2011-049]

VV final state: mixture of §w = = ¢ ———
(% 3 __ LHCb preliminary | ...... cp-'even sig. component 8 600_ EHELpralminary 4
CP-Odd and CP-even ; 1 2 Vs=7TeV,L=337pb! | __ cp-0dd sig. component ﬂ [ R
s SEE . s-wave component 5 500: E
components. 2 —vwmene | 7 E
) 102 A complete pdf -
- E 3 N S ¢ i
S ted . | o 30 N S
eparatled using an anguiar - g ]
. 200 o WS 3
analysis. o T e
C 100 // \\ -
B [EL2 N
1 L L L L c_ W T W N O VI
2 4 6 8 -1 -0.5 [} 0.5 1
Proper time t [ps] cosy
- LI B B B 3 T T T T T T I
© 600 LHCb preliminary — © 600 LHCb preliminary —
a : NS=7TeV,L=337pb' A 5 N V5= 7TeV, L=~337 pb" -
£ 500 . & 500 .
> L B L ]
4 a00] £ 400 :
o 2 I .
3001 = W 300F e,
200[- ,_,____\\ 3 2000 E
C = ™S _ — .
E - 3 W e e e e i ]
100 -~ \\ = 100 -
[ N ]
c‘ F— I rs | 0 | — |
1 0.5 0 0.5 1 2 0 2
cos o ¢ [rad]
CPAN WOI‘kShOp. Barcelona: Clbran Santamarlna 20

2-4 November 2011 .
U. Santiago de Compostela



¢.in B’ — JIY¢

E_ Preliminary results overlaid ] Do 8fb™!
0'45 — 68%CL [] CDF 52fb
- T 95%cL [] LHCb 03fb”
0.2 f_ ¢ Standard Model
P
o = ..
T 00— e TR T et T e p
L(m Y N . - o
L . ~~‘
< Q ‘\‘ ‘~~‘ ‘
'0.2 :—~\“~.\ 'll ‘s‘
04
= Ll | | T
-3 -2 -1 0 1 2 3
d Ve (rad)
ATlst ATlst
I'(By— f) = |AsPe' [cosh ( 28 ) — 7§ COS ¢hs Sinh ( 2s )

+ny sin ¢s sin(Amst)] :
ATt

['(By— f) = |AsPe™" [cosh(

—1) sin ¢ sin(Amst)] .

5 )—nfcos¢ssinh( 5

AI‘St)

*Results correlated with AI'g, width
difference of the B, mass
eigenstates.

*Contours in (¢, vs AI'y) plane.
Ambiguous solution:

(95 =7 — ¢g , ALy — -AL).
*LHCDb: consistent with SM.

*First significant direct

measurement: Ay =0.123 + 0.029
+ 0.008 ps.

¢7/PSM ~ (0.0368 £ 0.0017 rad

¢7/" = 0.13 £ 0.18 + 0.07 rad

CPAN workshop. Barcelona:
2-4 November 2011
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" LHCb
Preliminary
\s =7 TeV Data

Events /5 MeV

5200 5300 5400 5500
m(u*wn*n) (MeV)

“E'LHCDb
= Preliminary
2~ 0265 =7 TeV Data

— 68% C.L.
-=-90% C.L.

-0.4 E_ R 95% C.L. ‘:
_0_5‘111]||||||111||||||111|i||||i11—

¢.in B, — J/y f,(980)(— nw)

*Discovered by LHCDb in
February.

*Promptly confirmed by Belle
and CDF.

« 378 pb~1.

*Flavor tagging based on decay
of the other b-hadron:
efficiency=2.13%.

*Time dependent fit of the data:

o7/ = —0.44 £ 0.44 £ 0.02 rad

&/ VoI /F = 0.03 £ 0.16 & 0.07 rad

CPAN workshop. Barcelona:
2-4 November 2011
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Events / (10 MeV/c?)

- — . K
u,ct S
w
of| [arXivi1101.0470] = e : . o
|| . ] ‘o 1 o Only possible with loops in the SM.
o, = « TinyBR.
= i 7 » NP: at the same level as SM.
5100 5150 5200 5250 5300 5350 5400 5450 560 C E; JI\P s E;i _E .
! My (MOVIEE) 0344401416 15 3]0 « LHCDb: 303 events with 309 pb-1. .
q? [GeV?ic L L.
Theory MEBinned theory * Agg: sensitive to helicity structure.
o ——ihch _ _
< [ ] * Previous results: discrepancy.
0.5 | — LHCb: agrees with SM.
- — — -—}—- I ] I
0-— = B B 4
» - p K A
[ _HCb _
*°F  [arXiv:1006.5013]  3reliminary - : icsenls 1 e
:. |||: 9 N_IV
0 5 10 15 20 AFB (.S‘ =m, _ ) e -
q? [GeV?/c?] i N,.+N,
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; :g””‘””‘”""'5‘63‘;,‘555‘|“é\g‘r\‘{é £ 7 =Sl Only possible with loops in the SM.
s " T laiv1108.0895] v e Tiny BR.
g b - CDF 165 candidates
o os | . . « NP: at the same level as SM.
20 o | .
R I ok T « LHCb: 303 events with 309 pb-'. .
_._mecob,ymﬁ‘é"f:ﬁe’c o 2 4 e emonzia e s e Agg: sensitive to helicity structure.
S T * Previous results: discrepancy.
0.5F i . LHCb: agrees with SM.
== 8
(0] o —- B B A
: 5 e
0.5 LHC.b . ] : backward = forward
[ [arXiv:1006.5013] Preliminary , :
T 9 N];— — IVB
0 5 10 15 20 AFB (S =m, _ ) =
q? [GeV?/c] HH N, +N,
1 < ¢ < 6GeV?
< g < e theory
0.14 — +0.03
AFB = —(). 10+0 14 L 0.05 AFB = —0.04 —0.03
CPAN workshop. Barcelona: Cibran Santamarina 23
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2-4 November 2011

U. Santiago de Compostela



B fragmentation f_/f

*Required in B,BR measurements.

*Average of three independent measurements.
[Accepted by PRL]

*Exclusive hadronic modes:
B.—D (K*Kr)m* to B,—D(K'rrm)m.
*Ratio of:
B.—D m" to B,—~DK".
*Ratio of inclusive semileptonic modes:
DOXuv, D-Xuv and D Xuv.
*Combined result: (fs) _ 0-267J—r8'83(1)
fa) Lucw |

«Similar to LEP and Tevatron result:

0.271 £ 0.027

CPAN workshop. Barcelona:  rHCH UNely
2-4 November 2011 ACH oo | gL

N, .. =4103+75

400
-~ B =D x°
M B =D«
200 B =D p°

Il Combinatorial

£b00 5200 5400 5600 5800
Mass (MeV/c?)
o
—
E 100} :
L)
~ 751 -~ B* D K*
w
:IE, m B* D xt
@ S0f B D> Kt -
O B* D p*
25H B Combinatorial -

5600 5800
Mass (MeV/c?)

5400

50000 5200

-
[=)]
o

Np-,.-=670+34

’ -~ B =D x"
M B =D =«
M B’ =D«
O BY—=D,; (37"
O BY=D, p°
A=A 7w
Bl Combinatorial |

120

80

Events / (8 MeV/c?)

40

0 B R, = "
5000 5200 5400 5600 5800
Mass (MeV/c?)
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B 0 + . ﬁ:trlongly suppressed in SM by GIM and
— - elicity.
s — W

+ BRSM (BO - p*u) = (3.35 + 0.32) x 10-9.
[ ] - 1 6
b\\,\/\/”\//\/\//‘/M—F SUSY: enhancement of this decay by tan®p.

« Other possibilities: extra dimensions, little
Higgs, Technicolor,...
C/t W v (see contributions from D. Martinez Santos+X. Cid).
_ AVAVAVAVAY o s PBRLHCOHCMS < 11x 1072 @ 95% CL.
S// \ « Still room for NP, but less and less.
b MSSM ut

o CMS + LHC p

H%A° L preliminary ]

oe L =  (Observed p

[ - B Expected + 1o i

06 - (background-only)  —

s 0 04 |- -
~ tan6|3 r i

0.2 —

o --------------- 1 3 - = mim] TN PSR, ey ,.

0 5 10 15

BR(BS — pp) [107]
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« Strongly suppressed in SM by GIM and

BSO N u"' u' helicity.

+ BRSM (BO - p*u) = (3.35 + 0.32) x 10-9.
[ ] - 1 6
b\\,\/\/m\//\/\//‘/u-i— SUSY: enhancement of this decay by tan®p.

« Other possibilities: extra dimensions, little
Higgs, Technicolor,...
C/t W v (see contributions from D. Martinez Santos+X. Cid).
_ AVAVAVAVAY o s PBRLHCOHCMS < 11x 1072 @ 95% CL.
S// \ « Still room for NP, but less and less.
b MSSM ut

= CMS + LHC o
preliminary 1

0.8 |
= (Observed -

E5="" Fxpected t 1o

0.6 (background + SM) N

04

0.2

0 - 5 — 10 15
BR(B — pp) [10°]

CPAN workshop. Barcelona:  L.HCH ihra ; 25
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— _— w v v v 1 v v v 1 v v v v 1 v
B 0 H (CPAN 201 1 3 60 LHCb Preliminary N, = 210221
S contribution from = F\s7Tev [L-340.pb" ex, = 5361 Mevic?
. (7)) C_ L= 2
A- Pu|g) E 50- OKK-{ 150 +£ 13 MeVic
~ - S aoF
br by ur,cL,ftr SL by, _ - R W
e s> 7 ~ 30F ‘.
'I \‘ |' B gR\‘ :
\ : oL ' 20 . ‘
\ / ‘\ y A~ E T S, %
\\ Wt , YL R R R 10F ............... . 4
M- ’ S E
. . . 0 L " -1 4 3 4 . ] ., I WY SRR N 1
Dominant SM quark level MSSM diagram with 3405000b" ek e
diagram: left handed photons  right-handed photons P

. g“o L'HC'bP'reI'imi - 'Nxaly='159*;i5‘; o
R(t)oxe™ [cosh(AFSt/ 2)+A,|sinh(AL.¢/ 2):| g SO ST e e e
GC, 300
" : : o 250
« A, sensitive to fraction of right-handed 200
photons (even small ¢,) 150E b
. ) 100 S
« A,~0in SM, can be enhanced by NP with sof By > Kby »
large RH currents. 00 so00 00 6000

M(Kry) (MeV/c?)
LHCb: | B(B" = K*%)
) = 1.52 = 0.14(stat) = 0.1 t) =0.12(f, LHCb-CONF-2011-055
BB o) 52 £ 0.14(stat) = 0.10(syst) £ 0.12(fs/fa)) | ]
. 0 *() .
(B —¢) BABAR+BELLE+CLEO
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0 x() — 0>|< + .
B, + K*(» K )K"= K 17 )g* B
(CPAN -2011 contribution from P. Alvarez Cartelle) m E, % E

30 E

*LHCb discovery. A 2 E

-Signal yield: P ;

N(K*TK-1r)= g :
i

—
o

49.8 + 7.5(stat.).

-Significance: 10.90. ///

*1st test U-spin
symmetry.

LHCDb:

l5000 | 5200 | 5400 | 5600 5800
M(K* K ) (MeV/cd)

B(B? — K*°K*%) = (2.81 & 0.46(stat) £ 0.45(syst) = 0.34(f./f4)) x 1073

= 0.31 £0.12(stat.) & 0.04(syst.
Theory with exp. input from B — K*¢

CPAN workshop. Barcelona:
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CP violation in charm
DY - K7t

CP in charm mixing. Strategy: search for a non- $ .
zero asymmetry in: 5 |

10°

A — (D= K*K™)—7(D— K*K™) - dara
(D — KtK-)+7(D—>KtK-) * — Secondary
*And a CP violating angle in: 108
= R
yor(g) = D02 ETKT) (... N
F(DO — K 7'('_'_) Proper Time [ps]
* Preliminary result on 2010 data: DY — K+K-
Yop=(-0.55 + 0.63 £ 0.41)%, Yycp(HFAG)=(1.107+0.217)% 8 fFaC ' Lnce
A =(-0.59 + 0.59 + 0.21)%, A-(HFAG) =(0.123 +0.248 )% & = 28p0"
* Not conclusive. Needs better precision. - * data ]
[LHCB-CONF-2011-054] [LHCB-CONF-2011-046] ot
*Also CP violation search in " ]
Cabibbo D™ — K"K 7" suppressed decays. 1 | ' ]
No evidence. 2 6

4
Proper Time [ps]

Cibran Santamarina 28
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Charm and Beauty at the same time
« Bt — Jiymrtmm ' first time

observed. : :: """"" ﬂ T

i e & Preliminary

« B_." discovered by CDF 3 Myt

(1998). 3 15 -

n = gum o N I

 Significance 6.80. ‘quﬂﬁﬂnzﬂbﬂ?& [ i
i

* Third B.* decay mode

detected. E :o'_ """"" b -
3wl ]

° B B-|- + -+ % Jhprt A
RIBE 2 JWTTTT) g 04 06404 £ ]

BR(BS — J/ir) 0l -
in agreement with the i Mﬂ'ﬂd‘dﬂvﬂr‘ﬁ

theoretical predictions. WO mr e e mo

CPAN workshop. Barcelona:  rrrch UNIGIIERY Cibran Santamarina 29
2-4 November 2011 S N e | &

Santiago de Compostela




More Resonances

[LHCb-CONF-2011-053]

——
N'= 5255 =414

Q% 319.9 = 1.17 MeV/c?
r= 20.58 - 1.99 MeV/c’
N'= 438.1 =654

Q"= 258.5 - 1.68 MeV/c’
r'= 18.52 - 1.99 MeV/c*

'LHCb
Preliminary
336 pb' s =7 TeV Data

* Properties of Excited B mesons
predicted by Heavy Quark
Effective Theory in the limit of
infinite b-quark mass:

Events / ( 4 Mev/c? )
[
N
o

80
— Orbital angular momentum L. o
— Angular momentum of the light quark 20

j=ILE1/2]. foo 200 BT ST 500
i s - My - m_ [MeV/c?)
— Total angular momentum J=|j,+1/2]. e ¢

- B,* discovered by LHCb and [LACL-CONF-2011-021]

*  With mass: My 357,y = 3871.96
0.46(stat) + 0.10(syst) MeV/c? .

evidence of B,*". 3 ol Croimpgn)

« Mysterious charm resonance % 1200 T T *}} !
X(3872) already seen at Tevatron = ::: B L 3550
and b-factories detected. WVMJ

3600 's700 3800 3900
M(J/y t* ) [MeV/c?]
CPAN workshop. Barcelona:  .pCh SC @3 Cibran Santamarina 30
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Conclusions

LHCDb is taking data at the LHC with high efficiency.
— Luminosity above design, 1.1 fb-! recorded.

Detectors working according to specification:

— Excellent mass and time resolution, particle ID...

World-best measurements of various physics parameters:
— Amg, AT, ¢, BR(B, — u*u’), masses, lifetimes, etc.

So far good agreement with the Standard Model.

— New physics constrained in the flavor sector.

Still room for new physics, higher precision required.

Other remarkable results: new decay modes, c-quark
resonances, penguins, EW, QCD...

LHC continues in 2012, then 2014-17 at ~14 TeV — ~ 5 fb1.

Upgrade of LHCb detector planned for 2018 to take 10x
more data: 50 fb.
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Backup
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Soft QCD Results in the High-n

(see contribution from A Camboni)

K° cross section

Remarkable input to the theory.
Strangeness production:

— KO, at+s = 0.9 TeV: harder p; spectrum
as compared to MC.
¢ at Vs = 7 TeV: largely underestimated
by the event generators.

VO ratios at 0.9 and 7 TeV:

— N/Aratio: smaller in data than predicted
in simulation, particularly at high
rapidity.

— NKO significantly larger than predicted
at both collision energies.

p/p ratio slightly lower than Perugia 0

at Vs = 0.9 TeV, good agreement data-
MC at Vs =7 TeV

Charged particle production at Vs = 7
TeV: underestimated in most generator
tunes.

25<y<3.0

[mb/(GeV/d)]
=)

.....

dp dy

d’c (pp = K¢ X)

—&— LHCb 2009 data
Perugia 0

LHCb MC

llllll

= LHCb MC + PYTHIA 6 diff.

30<y<35

1

35<y<40 LHCb

MC/data
o N
L

...............

IIIII

(=]

| 1 1 | | 1 1

ot W gy I

0 02 04 06 08 1 12 14 160 02 04 06 08 1 12 14 160 02 04 06 08 1 12 14 16

p; [Gev/d]

py [GeV/d

Py [GeV/c]

particles / event /1

" —e— LHCb data 7 TeV

Event generators

Pythia 6 (default)
Pythia 6 (PerugiaO)
Pythia 6 (NOCR)
Pythia 6 (AMBT1)

LHCDb preliminary 3

© 4 N W A 0 0 N

. 2 l':;t‘:\]rats (default) 'JS =7TeVv E

— Differences smaller for hard events. - R e B
n
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