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Overview

Introduction

e presentation of results from
arXiv:1304.2591 [1]

o set Higgs limits using ®° — 77 final
states

e determine model independent 02 , .
ogo X Bgo_... Higgs upper limits b Ref. [3]
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http://arxiv.org/abs/1304.2591
http://link.springer.com/article/10.1007%2FJHEP01%282013%29111

Overview

Detector

Ecar HCAL M4 M5
SPD/PS M3
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Signals and Backgrounds

leptonic vy semi-leptonic v,

q
v"/z
¢ all channels _+ TuTh, TeTh TuTu, TuTe b
a Z—l g 7 EWKT 7 WW
_____ 4 ot
s w
X =
jet _
4 TuTu, TeTh o+ a" TuTh, TeTh 4 TuTu, TuTe T
L, WW

t+ EWK is a single hard lepton from an EWK boson and does not include Z — 77, Z — (/,
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Analysis

Reconstruction and Selection
e triggers

e muon (pr > 10 GeV)
e clectron (pr > 15 GeV)

¢ muon

e muon track

isolated back-to-back
e clectron
e large EgcaL/p
e small Eycar/p
¢ hadron (single-pronged)
o small Epcar/p lifetime pr asymmetry

e large Encar/p
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Analysis

Signal and Background Estimation

e« & = 77, Z — 77, 11, and WW

N=%-0-B-A-¢
luminosity (.¢) from Van de Meer scan and beam-gas imaging

cross-sections (o), branching fractions (B), and acceptances (A)
from theory

efficiencies (g) from data using tag-and-probe methods
simulated shape corrected for efficiencies and detector resolution

and EWK

fractions from same-sign template fit of Apt distribution

shape from isolated sideband ( ) and simulation (EWK)

o / — U

shape from sidebands, normalization from peak or mis-id rates

B TIten (UCD) LHCb Neutral Higgs Limits April 23, 2013 6 /16



Theory Calculations

e 7/ — 77 cross-section with DYNNLO

e SM cross sections at /s =7 TeV

with DFG [4] Z
10" E = metusive
e NNLL QCD contributions, NLO A
o . 102 & == associate
electroweak contributions i
F associated 7
e MSSM cross sections using mj™ 7 N 2 o A}ﬁ‘ﬂu [‘g‘:iv‘]‘zﬁ.l{‘;;,‘”zi(‘.‘
scenario at /s = 7 TeV o
E /] Refs. [5, 7, 6] 0
ofF |/
e gg-fusion at NLO/NNLO with b/
HicLu [5] and GGHAQNNLO [6] W 0
a7 =
e associated bb at NNLO in QCD S b o
with BBHQNNLO [7] 0l 0
. . . 10 =
e branching fractions with
FEYNHIGGS 274 [3] 100 120 140 1;:)[0186%]200 220 240 I
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http://arxiv.org/abs/0901.2427
http://arxiv.org/abs/hep-ph/9510347
http://arxiv.org/abs/hep-ph/0201206
http://arxiv.org/abs/hep-ph/0304035
http://arxiv.org/abs/hep-ph/9812320

Observed 7,7, [arXiv:1304.2591]
0 LHCb 527 TeV Z — TT 79.84+ 5.6
s s 11.7+ 34
30 BQco EWK 0.0+ 3.5

S‘ [MEWK

Gl i tt <0.1+ 0.1

E Sww

St Bzl Ww <0.1£ 0.1

R N Z — U 208+ 7.0

z F M,o=125
10} tanf = 60 Total 121.4+10.2
5 Observed | 124

e b
o e R SMx100 | 3.9+ 0.5

80 100 120
M. [GeV]

e secondary background: 7 — ppu

e primary systematic: (5.8%) Z — . background estimation
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Observed 7,7, [arXiv:1304.2591]

9% LHCh {5 = 7 TeV Z =TT 288.2£26.2

80 ;dz*‘frun 724+ 2.2

70 Bacp EWK 40.3+ 4.3
MEWK

60 %I\fvw tt 3.6+ 0.4
EH A >, wWww 13.3+ 1.2

40 MSSM

events / (5 GeV)
g

30

. Total 417.9+26.7
N: Observed | 421

02 T 60 :77 00 120 SM x 100 119+ 1.6

M. [GeV]

e secondary background: EWK

e primary systematic: (3.9%) electron efficiency
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Observed 7,7,

events / (5 GeV)

IS
(=1

)
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©w
(=1

I
193

S
=}

W

10

LHCb Vs =7 TeV
® data

Wzt

EQCD

MMEWK

M7

BHww

WA H A,
MSSM
M =125
tanf = 60

[arXiv:1304.2591]

20 40

60 80
M. [GeV]

100 120

¢ secondary background:

7 —TT 115.8+12.7
54.0£+ 3.0
EWK 0.0+ 1.3
tt 1.0+ 0.1
wWw 1.6+ 0.2
7 — —
Total 172.44+13.1
Observed | 155
SM x 100 3.8+ 0.5

e primary systematic: (3.6%) electron efficiency
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Observed 7,7, [arXiv:1304.2591]
g LHCh (527 TeV Z —TT 146.1+ 9.7
l: i 419+ 0.5
30 geco EWK 10.8+ 0.5
~ F MEWK
E 25 %WW tt <01+ 0.1
© o @A, 11%a1% 0.2+ 0.1
I Momios Z — U0 04+ 0.1
3 tanfP = 60
10 Total 199.3+ 9.7
5 Observed | 189
o el e =S8 T — SMx100 | 9.7+ 1.3

¢ secondary background:

e primary systematic: (3.5%) luminosity
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Observed 7.7,

[arXiv:1304.2591]

80 100 120
M. [GeV]

LHCb s =7 TeV Z =TT 62.1+ 8.0
sk ;%ailmh 245+ 0.6
R %S\S«i EWK 9.3+ 0.5
E 0 F M tt 0.7+ 0.4
5 =Eww
"\J 15t Bzon WWwW <0.1+ 0.1
:,:)- .Irza/thilA o, 7 — Ul 20+ 0.2
5 10 M =125
tanp = 60 Total 98.7+ 8.0
5 Observed | 101
2 i SM x 100 4.2+ 0.6

¢ secondary background:

e primary systematic: (3.5%) electron efficiency
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Observed Combined [arXiv:1304.2591]

200 LHCb Vs =7 TeV
® data
180 Wzt
160 £lQep
§ [MEWK
140 s
= 120 BEww
g [z
« 100 ErH A1t
5 MSSM
o 80
z M =125
60 tanB = 60
40
20
0
20 40 60 80 100 120
M .. [GeV]
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Statistics
¢ extended likelihood using mass shape
Nobs Ny
Lextended(flua 9) = e_(Nb-HLNS) H F (flll“"7 9) H ¢(9.7)
i=1 j=1
Z = observables (mass)  p = signal strength
0 = nuisance parameters F = expected mass distribution

e systematics as absolute scale nuisance parameters
e mass resolution as shape morphing nuisance parameters
e profile likelihood ratio with asymptotic limit

) [LL (f|u,§> —LL (f|ﬂ,5>] p<u

Ay
> p

0
e upper limits calculated at CLg = 95%
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Limits [arXiv:1304.2591]
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Conclusion

Conclusion

e full analysis of neutral model independent Higgs and MSSM Higgs

® 050 X Bgo_,,, exclusion in the forward region, 2.0 < n, < 4.5

e 8.6 pb at Mgo = 90 GeV
e 0.7 pb at Mgo = 250 GeV
e qnearly two orders of magnitude above SM expectation

e MSSM mhmo3LX exclusion

e tan 8 = 34 GeV at Mo = 90 GeV
e tanB =70 at M 0 = 140 GeV

e LHCb has the capability to detect Higgs like particles in the
forward region

e important for investigating models with forward production
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Cross-Section

Cross—Section [JHEP 01 (2013) 111]
pr > 20 GeV/c
LHCb br Ve
DyYNNLO 20<n<45
s =7 TeV
Vs ¢ MSTW08 @NNLO 60 < M < 120 GeV/c?
} } } | TuTu
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—+ A +— TeTy
H V H TuTh
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