OtkpeIiTHe pacnaga B.—2u Ha bospniom
AnporHoM Kostanaepe B 3KcriepmMeHTax

LHCb nu CMS

ObcyaeHne nybamkaumm B XKypHane Nature:

Observation of rare B, — pu*u decay from combined analysis
of CMS and LHCDb data. http://dx.doi.org/10.1038/nature14474
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ConmepxaHue

Llenb nccnepgoBaHum

BeBeaeHune

Anarpammbl PelHmaHa ans pacnagos B,y — u'y”
Pe3synbtatbl 30 neT nccnenosaHmnm

[Netektopbl LHCb n CMS

OcHoBHBIE MOMEHTHI aHaJIn3a. BDT meTop,

Mouck peakoro pacnaga B, y— p*p . Pesynstatel ana 3 fb.
CoBmecTHbIn pe3ynbtaT LHCb n CMS.

BanaHmne BepoATHOCTU pacnaga B, — WU Ha napameTpbl
SUSY moaenen

3akayeHune
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BBenoeHnmue.

Observation of rare B, ; — p*u-decay from combined analysis of
CMS and LHCDb data._http://dx.doi.org/10.1038/nature14474

JIBe Komabopanyuu BIiepBble OMyOJIMKOBAIN MHAMBUYAIbHBIC
pe3ysbTaThl 0 HabmoaeHnu pacnaaa B%, — p*u- Me3ona B urose
2013 roga. B To BpeMs Kak pe3ysbTaThl ObLJIM B OTIUYHOM
COITIACHH, CTATUCTUYECKAas TOUHOCTh ObLJIa HUXE 5 G,
CTaTUCTUYECKOM TOUHOCTH UCTOPHUYECKH HEOOXOIMMOM YTOOBI
npeTeH10BaTh Ha oTKpbITHE. CoBMecTHBIM aHainu3 CMS u LHCD
JIETKO MPEBBIIIAET ATO TPEOOBAHUE, JOCTUTHYB 6.2 G.
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BBenenme. /IarpaMMbI IMHIBMHA 11
pacriamos B-me30HOB

CragmaptHas Mojens 3anpenacT U3MEHSIOIINE
apoMar kBapkoB HelTpainbHble TokH (FCNC)

FCNC moryT ObITh BBEJICHBI IMarpaMMaMH ITMHTBUHA C
OJITHOM NEeTIIEN

Ecnu pacnian B-Me30HOB MOXeET OBITh peain30BaH
TOJILKO YEPE3 AUarpamMMbl MMHTBUHA, 3TH pacrabl
MOTYT OBITh UYBCTBUTEJIbHBI K HOBOW (hU3UKE

[Ipumeps! Takux pacnagos B.— p'u-, By—K*u'n, By—K*y, B.—oy n
T.J. MHOrue u3 mogoOHBIX pACIIalOB MOTYT OBITh H3YYEHBI C ITOMOIIHIO
LHCDb nmerexropa

OpHuM U3 BO3MOXKHBIX pacnagoB B, Me30Ha 1151 KOTOPOTO MOYKHO €
XOPOIIEeH TOYHOCTBIO MPEJICKA3aTh €r0 BEPOSITHOCTD SBJISIETCS paciiall
B— pwrw
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Llertb vicciienoBaHmM

" [lesnb uccnemoBaHUM — TECT MIPUCYTCTBUS HOBOM (DUBHKH.

* B CranmapTHOH MOJICIN HEUTPAILHBIE TOKH MEHSIOIINE apOMaThl
KBApKOB CHJILHO IIOJIABJICHBI, TAK YTO AuarpaMMbl CTaHIApTHOU
Mojenn naroT BEpOATHOCTH PACIaios :

B(B.—21) o = (3.66+0.23)x10°n B(B —2p) g = (1.06+0.09)x10-10

* SUSY (cynepcuMMETpUYHOE pACIIMPEHUE CTaHIaPTHOM MOJICIIN),
MOXKET YBEIMYHTh BEPOATHOCTD pacnana B.—2u. Hanpumep, Two
Higgs-Dublet model (2HDM)

BR(SUSY) oc BR(SM) . o (BN A)

m,

[Opuit lernos, 2 Urons, 2015, ITAAD 5



Feynman diagrams related to the B% —u* 1 decay

at > uty B* > uty BO—-—ULu B°—>,u/.t
@ BY - ptu f BY — utu- g BY — utu

Nature 000, 1-5 (2015) doi:10.1038/naturel14474
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* [louck pacnajaa oCyIeCTBIISIIICS MHOTUMH SKCIIEPUMEHTaMU B
T€UECHHE MOYTU TPEX JICCITUIICTHIM
* Banoxy 1o LHC Haunbonee TouHble H3MEpEeHUs OrpaHUYUBAIOIIINE

BEPOSITHOCTh pacnajia caeianbl B @epmuiiade sxcnepumenTamu DO:
Br (B, — 4 1r)<5.1 x10 @95% CL u CDF : 0.46x10-8 <BR<3.9x108 @90% CL)
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[NeTtektopbl LHCb n CMS

CMS CMS Detector
|| Weight : 14,000 tonnes Silicon Trackers
Diameter :15.0m

Length :28.7m

Magnetic field: 3.8 T

Superconducting
Solenoid

a
Muon Chambers
Locaios Preshower
¥4 /(Calorimeter
Steel
Return Yoke

Electromagnetic .
Calorimeter

Tracker ]

Turicensis / g ' Muon
Dipole x’ p T ladron Chambers
Magnet o Calorimeter

LHCb experiment Hadron Calorimeter
Q\) Run: 101412 Event: 8681643

Date: 8 Sep 2011 Time: 16:04:18 :
CMS CMS experiment

i Run: 208307  Event: 997510994
Date: 30 Nov 2012 Time: 07:19:44 GMT
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OcnaosBuble ceernenmd uig LHCDb

LHCb Integrated Luminosity pp collisions 2010-2012

0 2011 rox , HaKOIICHHAS MHTETPAIbHAS

‘g 22: ; : ; : P
- E Delivered in 2012 (4 TeV): 2.209 A
ceerumocth L =1 fo-lnpu Vs=7 TeV o Cecond i 2012 oY 20821 /s
£ 1of Soaeeid s (L8 T 88 Ve
[ 2012 rox, , HaKOIUIEHHAS - /,ﬁ:fj
MHTErpaibHas ceetumocts L =2 fpl = 2 /
npu Vs=8 TeV, s dekrrBHOCTS Habopa £
0 DE-: f—#zfg
nanaeix >90% oF V.
B o
U [TapameTpsl HMErOIKE OTHOIIIEHHUE K RS it NS DS NS NN NN DO .
01/04 01/05 31/05 30/08 3oi07 29/08 28/0 2810 271 2712

Date

PETUCTPALIUU MIOOHOB:

" 5(GEeKTUBHOCTD UICHTH(PUKAIINNT MIOOHOB : &(1) ~ 97%

" 3(ppeKTUBHOCTH TUMIOOHHOTO Tpurepa: ~ 90%

" BEPOSATHOCTH HempaBmiIbHOU HiueHTHGUKanuu e(h—p)< 1% for p>10 GeV/c

» pazpenicHue mo uMmynscy: Ap/p=0.4 % at 5 GeV/c to 0.6 % at 100 GeV/c

= o (M_B;— ptp) =25 MeV/c?

"  TOYHOCTh U3MEPEHMS UMIIAKT-TIapameTpa A TpekoB : 6(IP) =25 um at pT=2
GeV/cu o(IP)=20 um mis TpeKoB ¢ OOJIBIINMH MOIEPEYHBIMUA UMITYIbCAMU

[Opuit lernos, 2 Urons, 2015, ITAAD 9



MrooHHaa cuctema CMS

The drift tube (DT), cathode strip chamber (CSC), and resistive
plate chamber (RPC).

The spatial resolution per chamber was 80-120 um in the DTs,
40-150 ym in the CSCs, and 0.8-1.2 cm in the RPCs.

The time resolution achievable was 3 ns or better per chamber
for all 3 systems.

The efficiency for reconstructing hits and track segments
originating from muons traversing the muon chambers was in
the range 95-98%.

The CSC and DT systems provided muon track segments for
the CMS trigger with over 96% efficiency, and identified the
correct triggering bunch crossing in over 99.5% of such events
The H+H- resolution from 32 MeV for i, == 0t 75MeV for 5, > LB



3KCI'I€pVIN\€HTafIbeIe AdHHblIEe UCMOJ/Ib30OBaHHbIE B
cOBMECTHOM aHaJ/1n3e

* The data correspond to total integrated luminosities of 25fb~! and
3 fb~! for the CMS and LHCb experiments, respectively, equivalent
to a total of approximately 10*? B, and B° mesons produced in
the two experiments together

* Assuming the branching fractions given by the SM and accounting
for the detection efficiencies, the predicted numbers of decays to
be observed in the two experiments together are about 100

L — Np - 14 fnarm.
BH:.I—I- = — — Hr-.-:lrn'l = 4 narm N gt -
[ s 8K ) — : _f; : ER s ptp- : I 7 i
* Norm. channels B*>J/K* , BO>K* rv;fragmentation ratio f_ /f,
=3.86+0.22 is measured at LHCb with hadronic decays B, ->DK*

and B, >D,t* and B, >Dm*and B, >D"t*;

Opuii llernos, 2 Urons, 2015, [TUAD 11



OCHOBHbBIEe MOMEHTHI aHaJIM3a

* [IpenBapuTeabHbI OTOOP COOBITHI YIOBIECTBOPHUBIINX JTUMIOOHHOMY
TPUITEPY, HECOOXOAUMOMY JHaNla30Hy MHBAPUAHTHBIX MacC ,
MTONIEPEYHBIX UMITYJIBCOB YaCTHII, PACCTOSHUS OT IEPBUYHOU
BEPLIMHEI 10 BTOPUYHOM, UMIIAKT IIapaMeTphl Ul Kanauaara B B
ME30H ¥ MIOOHOB U T.JI.

» Jlamee s OTACICHUS CUTHAJa OT (hoHA MCIIOIb30Bajcs Boosted
Decision Tree (BDT) meron. /s BeIACICHNS CUTHAIIA
MCIIO0JIb30BaJIaCh MH(pOpMaIUs 0 TEOMETPUM pacrajia, BpeMEHHU
XU3HU B, Me30Ha n 0 KMHEMaruke coObITUs. B pe3ynbrare padoThl
BDT meTona juig kaxaoro kanauuara B B Me30H BeIYUCIIAIaCh
BEJIMYMHA, KOTOpas CBs3aHa C BEPOATHOCTHIO KaHAu1aTa ObITh (POHOM
WJIM CUTHAJIOM.

* B urore, B kKaxxaoM OuHe otkiuka BDT meTona putrupoBaics cCekTp
MHBApHUAHTHBIX MAacC JUMIOOHOB JIJIsI OIIPEACICHUS BKJIAA0B OT
BO3MOXXHBIX CUTHAJIOB pacraaoB B.—2u u B;—2u, ot poHOB -

B® — nu*v, B — pru 0™ | By —h*h-, a Takke komOuraTopHOro dona.
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CNEKTPbl MHBAPUAHTHOW MACCbI 2-X
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3
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Weighted (with w =S,,/(S,,- + B)) distribution of the

dimuon invariant mass, m,, ., for all categories

CMS and LHCb (LHC run [)

60— —— Data
= — Signal and background
[— 0 =

50 [ 1Bs—>un

—4— [ 80w

— = = Combinatorial background
o M e Semi-leptonic background

— — Peaking background
30

20

Weighted candidates per 40 MeV/c?

10

I||II||I|II,'||II|

B T T e e I

My (MeV/c?)

Nature 000, 1-5 (2015) doi:10.1038/naturel14474
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Cnektp macc B y—2p nist LHCD
o I T T3
2 14f LHCb -
Z i BDT>0.7 -
=t 4 -
E 105 3 tb! -
Z s =
2 6f \ .
a3 1 E
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2F i S | ‘ 4';
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2
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OKCIIEPUMEHTANIBHBIN CIIEKTP B pailoHe macc B, u By ME30HOB B 3KCIEpUMEHTE

LHCDb

* B wurore, pesynsrarel LHCb cBa3zannble ¢ BepoaTHOCTBIO pacnanos B, ; —2p,

B(B,—2u) = (2.9, ,(stat) ) x10? ,4o; B(B;—2u)=(3.7*%4, , (stat) ) x101® or
B(By—2u) < 7.4 x 1010 at 95% CL.
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CnekTp macc B g4 —2p s CMS
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Tabnunua Bbixogos B.>2u cobbitnn  gna CMS

Ere[107 2] NG NoE N
B Barrel (033 =003) 02X 4£003 1308 3
BY Barrel (D30 =0 297044 3606 +
/TeéV  BYEndcap (020£002) 011+£001 15206 1
B Endcap (0.20£0.02) 1254019 26£05 +
B Barrel (024 =002) 100+£010 79=30 11

BY Barrel (023003 146172 179L28 16
8TeV B Endcap (010£0.01) 030+£003 22108

3
B! Endcap (009 £0.01) 3564+053 51+£07 4

* B urore, pesyasrarsl CMS cBsI3aHHBIE ¢ BEPOATHOCTEIO pacnanos Bg 4 —2y,

B(B,—2p) = (3.0"10 4 (stat) ) X109, 4.3¢; B(By—2p) < 1.1x 10-1° at 95% CL.
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COBMeCTHBIVI pe3yJIbTaT KoJutaboparmm
LHCb 1 CMS

LHCb 3 ' |~ LHCb 30 ' |- I i
i sm W sMm
CMS 25fb ' [~ oms 25 |
CMS+LHCh | CMS+LHCb
preliminary preliminary |
TSRS NN T TR NN N R R N L L P N I T N T N T S S T NN SN TN NN S NN N ST S N S MR
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
_ —0 _
B(B{— ) [10 ] B(B"— pru) [107]

+ B(B,—2n) =(2.8+0.7)x109%  B(By—2u)=(3.9*16,,) x 1010

* Cucremaruueckas HeonpeaeaéHHocTh 0.35 u 0.18 oT moaHOM OIIMOKY
s B(Bi—2p) u B(B4—21) cCOOTBETCTBEHHO
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Likelihood contours in the B(B%— u* 1) versus
B(B°.—ut1r) plane.

CMS and LHCb (LHC run 1)
ao.g_lll|||||]|||||||||||||

B(B° — ptum) (10-9)
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0 11 IV‘I 11 1 L1 1 1 11 I 11 1

O 02 04 06 08
BB — u'w) (1079 B(B° = utu) (1079)

B(B%,— " 1r),1.20 from SM, B(B°—u*r), 2.26 from SM
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Variation of the test statistic —2AlnL as a function of the ratio
of branching fractions R=B(B%— u* 1r)/B(B°— 1t 1r).

CMS and LHCb (LHC run I
T T T T T T T T T T T T T T T T T T T T T T T T

8 SM and MFV

—2AInL

1 [ 1 L L L 1 | 1 1 1 1 | 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5

R

R=B(B° - u 1™ g /BBY—p™ 1™ ey =0.02957 5 005%

Nature 000, 1-5 (2015) do0i:10.1038/naturel4474
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Brmsxme BepogarHocT pacraga B, — ptu Ha
rapamerpsl SUSY Moperien

OTtkpbiTHE pacnana B, — pL*L” mpuBOAUT K JOCTATOYHO HKECTKUM
OTPaHUYCHUSAM Ha MapaMeTpbl MHOTUX nonyisapHbix SUSY moneneit
OOnactu pa3pem€HHbIX 3HAYEHUN TapaMETPOB C YUETOM BEPOATHOCTH

pacriana qis B, — pfu Beraucnsimce, B yactHocTH, 1t NUMH1 u CMSSM
Mozenen (001acTh CUMHETO 1IBETAa HAa PUCYHKE CJIEBa U 3€JIEHOI0 HA PUCYHKE

crpaBa . Cepblii LIBET ClieBa— OrPaHUYCHHUS C PA3IMYHBIM YPOBHEM
IOCTOBEPHOCTH , CACIAHHBIC B IPSAMBIX ouckax SUSY)

- allowed
CMSSM - tan =50, A =0 [ charged LsP
« 60F :
[ =
S
50F
NUHM1 20F Bl A K upmiowg
Non' 20 o D B,—upu
Universal " B sre - K tow @
Higgs 20F B -
Mass modeof Bl
00100 200 300 400 500 600 700 800 9001000 °

-B—‘lx‘].l}l.lqz
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L l|.||||||||||||| 2
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3aKaw4deHne

» JlecAaTumneTrs UCCIEAOBAHNI 3aBEPIIMINCH OTKPHITHEM pacniaga B.—2p.
N3mepena BeanunHa BeposTHoCTH pacmanga B = (2.8+0.7) x 107°

* Tenepanbubiii gupekTop LIEPH Ponbd Xoiiep: “OToT pesyabrar
ABJISACTCS MPEKPACHBIM MPUMEPOM COTPYAHUYECTBA MEKIY
Pa3IUYHBIMH SKCIIEPUMEHTAMH Y HILUTIOCTPUPYET BICYATIISFOITY O
TOYHOCTb, KOTOPYIO MOKHO JIOCTUTHYTh, KOTJIa SKCIIEPUMEHTHI
00BbEIUHAIOT CBOU JaHHEIE”

* "DTO ABNSAETCA CBUIACTEIBCTBOM OTIIMYHOM padoThl bAK, 1 uyBCTBH-
TEJIbHOCTH HAIINX YKCIIEPUMEHTAX, 4TO ObI OBLIIO BO3MOYKHBIM HAOIO-
naTh 3TOT Ype3BBIYAliHO PEAKHI, HO BaXKHBIN pacman'’, spokesperson
LHCb I'aii YunkuHCOH.

« Spokesperson CMS Tiziano Camporesi: "ITouck HOBBIX YaCTHII U
M3YUYECHHUE PEIKHUX PACIIaA0B B3aUMOAOIOIHIIONIAE CTPATETUH JJIs
oOHapy>keHHUsI HOBOM (Pu3MKU. TOYHOCTB, C KOTOPOH IKCIIEPUMEHTHI
MOTYT U3MEPUTh 3TU pacnajbl OyAET HEYKJIOHHO YIy4IaTbcs',



Backup slides
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MSUGRA model

» MSUGRA or constrained MSSM model, where the MSSM soft breaking parameters
obey a set of universal boundary conditions at the has several special aspects that make
its predictions clearer and hence more directly accessible to experimental study.
MSUGRA s also low energy approximation of Superstring Theory.

»MSUGRA depends on only four additional parameters and one sign beyond those of
the Standard Model (SM).

These are:
m, - the universal soft breaking mass at the GUT scale M;
m,,, - the universal gaugino soft breaking mass at Mg ;
A, - the universal cubic soft breaking mass at Mg;

tan B =< H, >/ <H, > at the electroweak scale, where H, gives rise to u quark masses
and H; to d quark and lepton masses ;

u - the Higgs mixing parameter in the superpotential (Wu = uH;H,);

» Lightest neutralino v, and the gluino g are approximately related to m,,, by
m o =04myandm  =28m,,.



Restrictions to SUSY parameters

http://theor.jinr.ru/~diastp/summerl11/lectures/Kazakov-4.pdf
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Comparison of the experimental restriction to the
Br(B, — p*u’) and SM prediction

1 To compare the experiment and theory we need to take into account the By
mixing : De Bruyn et al (arXiv:1204.1735)
v'Theoretical Br(B, — u*p’) prediction: CP-average at time , t=0

v Experimental limit : need to integrate CP-average over t

BR(B-A N f)the” — |92 — (1 — ) - BR (B N f) AFS I‘(S) F(S)

eXp Qg = =

21 21
v as a result using y, from LHCb-CONF-2012- 002 we need to compare with

theory the corrected experimental limit :
BR., (Bi—u*n) <0.91x4.5x10°=4.1 x10° @ 95% CL,
which is close enough to the recent theoretical prediction
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Fragmentation ratio calculation

4 Fragmentation ratio f_/f, is measured at LHCb with hadronic decays
B, »D'K*and B —»D,n* and B, —»D=*and B, -»D- "

Phys. Rev. Lett. 107 21(2011)
and semileptonic decays: B, D, Xp and B —D*Xp
Phys. Rev. D 85, 032008 (2011)

O Computed average f, _0.267+002 Ihcb-conf-2011-034
f, - ~0.020

O Dominant systematic error from form factors ratio. Need more precise
lattice computation



Physics motivation: mSUGRA model

Q Br(B,— p*u ) behavior restricts the possible region for the mSUGRA model parameters

Bl i A0, LoD
ecid M ---I_,_ i | B ke
ki ll A tanfi=40
L ;
s Lo
800 (% 3 O 3
s r- e
= = g-2exp. o
oo, LR : s
-y e restrictions Higgs mass
z c | I -
% 600 i‘_'h_',ﬂ, jﬂ:' aji-:llxlﬂ_‘"
= E“L“ L‘1_1' _g‘ \
B W PRL 108, 231801 (2012)
400 : \ | Br (B;— p*p) <4.5x107,
LHCb

Eaas o
200 (s el con A B
200 400
m, ,[GeV]
O The last published B,— p*p-search LHCb result already provides restrictions
better than the g-2 (light blue color) experiment

O Higgs mass allows to restrict a possible parameters region too
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Main backgrounds

bb— p*u X events, dimuon combinatoric background
can be suppressed using different geometric and kinematic criteria

SO

' misidentified muons from B® — mp*v -41.1+0.4 B — p*p 0" - 11.9+3.5 events
in full BDT response and mass range
v" it has a negligible influence to the background contributions under the peak;

v' allow to define better the shape of the combinatoric background

' misidentified muons from By, — h*h-decays

v" contribution from B, —h*h- can be calculated from B, — h*h- MC with

a known misidentification probablity was measured in data

v'The peaking background is 0.76%0-%6_ |- in £60 MeV/c? around the B mass and
4.1*17_, o in £60 MeV/c? region of the B, mass

[Opuit lernos, 2 Urons, 2015, ITAAD 30



AN I AN

N O

Strategy of analysis

Selection conditions
v Muon trigger

v' Preliminary selections to reduce datasets size
v Blind signal region 5306 < My, <5426 MeV

Signal and background training

Use B.— u*u and bb—uuX Monte—Carlo
to train the Boosted Decision Tree method

B.— w*u signal calibration
Use the control channel B—hh decays with the similar geometry

Upper limit calculation

Use the signal channel and normalization channel efficiency to calculate the
normalization factor

Use the predicted background and number of observed events with the modified
frequentist CLs method to estimate the upper limit for the given confidence level



List of input parameters for the Boosted Decision
Tree method

O A decision tree is able to split the phase space into a large number of
hypercubes , where each can be identified as “signal-like” or “background-like”

dOutput of a Boosted Decision Tree is combining a decay geometry, B
meson life time and kinematical information. The phase space in the analysis
Is defined by input parameters:

Transverse momentum of the B, - meson
Minimum muon transverse momentum
Cosine of the B, polarization angle

B, meson impact parameter

Minimum distance between muon tracks
Muon track impact parameter significance
Muon isolation

B, meson isolation

B, life time

AN N N N NN Y NN



Normalization channels

O To calculate the B.—p*u branching ratio we need to know the total number of B,
mesons and next to use this number for the normalization
1 2 normalization channels used

E oy
&
4
f L~
4200 S350 L300 £350 " «-_._,J" ./{_\'L ;
Bplus_JCMazs 200 5200 ‘mm(hh) lMtV"c?pm
Normalization channel branching Fragmentation ratio fs/fd = 0.25620.02
+ SEL|REC TRIG|SEL AT
BR = DRy x ool ol e Napn
— eal © “Rpc SELREC _TRIGSEL ~ Fpo N — Ceal % IVBj—ptp”
en €. € . B i Veal
s1g s1g 81 q
Calculated from MC Measured from data Number of events in normalization channel

Q Averaging of the 2 normalization channels gives us for the 1 fb-1:
a(B—ptp) =2.52 +£0.28 x10-19, a(By—ptp) = (6.45 +£0.30) X101
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Extraction of the limit and branching ratio

np mass — BDT response plane

TN

LHCb
., Preliminary7
AT\ S. [ - Ao eeeeemeaeaee s
—_——— — —'— 4 mass window
Pttt 1+ .. ] Mgt 60 MeV
LI =
0.8 1

BDT

O The CLs analysis was performed in 2D space for the BDT response and dimuon invariant mass.
The BDT response for the combinatorial background is extracted from a fit of the dimuon mass
sidebands in each BDT bin

O For the each observed event we calculated a probability to be compatible with the Signal +
Background hypothesis or only Background hypothesis as a function of the branching ratio. To set a
limit we excluded the assumed branching ratio value at a given confidence level

LThe comparison of the distributions of observed events and expected background for the 2012
dataset gives p-value (1-CLb) of 9 x10*. We have observed an excess of B;— n*u- candidates with
respect to the background expectation with a signicance of 3.3 standard deviations.
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LHCb upper limit with 2.1 fb-! 2011+2012 data

“First evidence for the decay B,— p'n

Accept. by PRL December, 6, 2012
hep-ex > arXiv:1211.2674

14

I-J

o uE =
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= 6 gu
f'E B .
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- - ]
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Dataset  Limit at 90 % CL 95 % CL
2012 Exp. bkg+SM 8.5 1071 10.5 x 1071
Exp. bkg 7.6% 1071 0.6 10717
Observed 10.5 % 1071 12.5 % 107
201142012 Exp. bkg+8M 5.8 x 107 7.1 % 107"
Exp. bkg 5.0x 1071 6.0% 1071
Observed B.0x 107" 9451071
_3" 1 I T I 1 T T I 1 T T I T 1 T I T T T I T T T |
=~ g‘ LHCE
0.8 1.0 fo{TTeV) +1.1 7 '(ETeV) _|
[, i
0.6 \ —
B ect. limit (bkg+SM) 7.1x10-1° (93% CL)
04 . —
- Observ. limit 9.4x101° (9596 CL)
02| ~ -
- '\..“ -
‘l-._‘ -
‘-"'I— -
0 | | [ e e ey S NI

04 06 08 1 12 14
B(B" =y U107 ]

Combination for 2011 and 2012 years data gives the
3(stat) Toa(syst)) = 10

result ,

B(BY) = ptu~)=(3.213
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An alternative representation of the fit to the dimuon
Invariant-mass distribution for the six categories with
the highest S/(S + B) value for CMS and LHCDb

CMS and LHCb (LHC run I)
=1 [ F & ¥ [ & T 7

&: 16 = ] T T T T T T T [ T —_
% 14 :_ —é— Data _:
= » - Signal and background .
g o0l [ Bg— u*w” K
~ [ [ B%— whw v
é 10 E._. s - - = Combinatorial background _:
o I D D R R Y N ¥ N LIl Semi-leptonic background -
g 8 %\ — — Peaking background —
O [y = z
6 — i
RSN z
41— S —
= ‘\ —— ]

N e TR D =

5000 | ) 5200 5400 5600 5800
m.- [MeV/c?]
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OcHOBHble dopMy/bl ANA BEPOATHOCTU

pacnaaa
Gra dm?
BR(B, »p'w) = < fﬂ m, VsV e 1 - - (2.1)
f-lmg m. |2
x {(1 ~ ) I~ Gl + [(Cas — Cou) + 2(Co0 -~ i 2 } ..
BR(B; = p" ) = (3.53 £ 0.38) x 10~* . (2.2}
Co, o —Coy 5 —ply — 0B mi oy ) (2.3)
o ® T TR T g tan 5)2 m2 dsin Oy M, M2 -
where 7, = m?l."pg, with m; the geometnic average of the two stop masses, and
flr)=——— ——~ _Inz. (2.4)

11— (1-x)?
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OcHOBHble dopMy/bl ANA BEPOATHOCTU

pacnaga

where fp, 15 the B, decay constant, mp, 1s the B, meson mass and 7, 15 1ts mean hfetime. Cg,
and Cp, are the Wilson coefficients of the semileptonic scalar and pseudo-scalar operators!, and
(' the axial senmleptonic Wilson coefficient. The €7 terms correspond to the chirality flipped
coefficients. In the SM, only Cp 15 non-vamshing and 1t gets 1ts largest contrnibutions from a
Z penguin top loop (75%) and a W box diagram (24%) (see Fig. 1). The SM expected value
15 evaluated using mFF[mb] — (4.18 £ 0.03) GeV and mf™* = (173.5 + 0.6 + 0.8) GeV 31,

corresponding to Cyg = —4.16 £ 0.04, from which the following SM prediction for the branching
fraction is derived [17]:
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Physics motivation: MSSM models

d B, — p*p branching ratio can be very sensitive to the SUSY diagrams
contributions. Two Higgs-Dublet (2HDM) model provides a big contribution in
the region of large tan 3

BR(SUSY) oc BR(SM)- m, ‘(tjn )

hO, HO, A° m
HO

O The indirect B,— p*u- search restriction power for SUSY parameters (blue
regions) can be comparable with the results of direct SUSY searches (gray region):

Non-
Universal
Higgs
Mass model

NUHM1

OU 100 200 300 400 500 600 700 800 9001000 0
M, [GeV/c?]
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Impact to CMS5M parameters

CMSSM - tan f=50, .ﬂ.uﬂﬂl

B,—supu
Bl A K lowd?
B,—upu

- BR(B — K ) low g?

MS 1.1 fb!
CMS 4.4 fb!

| 500 1000 1500 2000 |
mhz [GEV] - D. - TV

d B, —p*u branching upper limit and experimental branching ratio
restricted the big enough region of possible parameters magnitudes at the
large magnitudes of tan(B) for the constraint MSSM (CMSSM) model
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[LHCb-CONF-2015-002]

LHCb
preliminary

W SM from DHMV
[1407.8526]
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