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VLT�FLAMES observations provide by 

far the largest sample of high disper-

sion spectra of Bulge red giants availa-

ble. Five years of work on these 900 

spectra have yielded the abundances of 

different elements in the Milky Way 

Bulge, and new results on its formation. 

The results so far include the Bulge 

metallicity distribution, the Bulge metal-

licity gradient, the metallicity depend-

ence on kinematics, the history of 

enrichment with alpha-elements, as 

well as the lithium abundance. The evi-

dence collected on Milky Way Bulge 

chemical enrichment supports a rapid 

early formation scenario, and the metal-

licity gradient argues against formation 

via secular bar evolution.

(MSQNCTBSHNM�SN�SGD�,HKJX�6@X�!TKFD��@�
complex evolution?

3GD�BDMSQ@K�O@QS�NE�NTQ�,HKJX�6@X�F@K@WX�
HR�B@KKDC�SGD�!TKFD��@MC�HS�HR�SGD�QDFHNM�
that contains the densest concentration 
NE�A@QXNMHB�L@SSDQ
�6D�KHUD�HM�SGD�&@K@BSHB�
CHRB��@�QDK@SHUDKX�B@KL�OK@BD�HM�BNLO@QH�
RNM�VHSG�SGD�!TKFD��VGHBG�LHFGS�G@UD� 
had a very complex formation and evolu�
SHNM
�4MQ@UDKKHMF�SGD�VGNKD�GHRSNQX�NE�SGD�

DUNKTSHNM�NE�SGD�,HKJX�6@X�!TKFD�HR�@�UDQX�
CHEjBTKS�S@RJ��ATS�VD�GNOD�SN�AD�@AKD�SN�
TMCDQRS@MC�SGD�L@INQ�DUDMSR��NQ�DRS@AKHRG�
an approximate sequence for its develop�
LDMS��@HCDC�AX�SGD�RSTCX�NE�!TKFD�BGDLH�
B@K�DUNKTSHNM
�6D�G@UD�KD@QMDC�QDK@SHUDKX�
recently how to interpret the chemical 
composition of different stellar popula�
tions as a result of enrichment by differ�
ent supernovae and asymptotic giant 
AQ@MBG�RS@QR
�3GD�@ATMC@MBDR�NE�CHEEDQ�
ent elements act for astronomers as 
ancient bones do for palaeontologists; 
they can be used to establish a sequence 
NE�FDMDQ@SHNMR�NE�RS@QR�EQNL�O@RS�SHLDR


Since high resolution spectroscopy of a 
large number of stars is prohibitive in 
SDQLR�NE�NARDQUHMF�SHLD��HM�SGD�O@RS�SGD�
metallicity distribution was determined  
via low resolution spectra for a few hun�
dred stars and sometimes obtaining high 
QDRNKTSHNM�RODBSQ@�NMKX�ENQ�@�EDV�CNYDM�
RS@QR��TRDC�@R�B@KHAQ@SNQR��,B6HKKH@L���
1HBG�������
� KK�@FQDDC�SG@S�SGD�&@K@BSHB�
!TKFD�V@R�LDS@K�QHBG��ATS�SGDQD�V@R�BNM�
SQ@CHBSNQX�DUHCDMBD�QDF@QCHMF�SGD�LD@M��
ROQD@C�@MC�RG@OD�NE�SGD�CHRSQHATSHNM
� 
The Bulge metallicity is far from that of a 
RHLOKD�RSDKK@Q�ONOTK@SHNM�KHJD�@�FKNATK@Q�
BKTRSDQ��@MC�SGDQDENQD�@�K@QFD�MTLADQ�NE�
stars needed to be measured to sample 
SGD�VGNKD�LDS@KKHBHSX�Q@MFD


The main obstacles to reliable metallicity 
determination are: the distance and line  
of sight depth to the Bulge; large and vari�
@AKD�QDCCDMHMF��jDKC�BQNVCHMF��@MC�SGD�
BNLONRHSD�M@STQD�NE�SGD�RSDKK@Q�ONOTK@SHNM
�
The large mean distance to the Bulge 
��pJOB��L@JDR�SGD�RS@QR�E@HMS��@MC�SGD�MNM �
negligible depth along the line of sight 
L@JDR�HS�CHEjBTKS�SN�CDSDQLHMD�SGD�@ARN�
KTSD�RSDKK@Q�KTLHMNRHSHDR�@BBTQ@SDKX
�3GD�
K@QFD�QDCCDMHMF�L@JDR�RS@QR�E@HMSDQ�@MC�
QDCCDQ��@MC�HSR�RO@SH@K�U@QH@SHNM�@CCR�@�
RHFMHjB@MS�TMBDQS@HMSX�SN�SGD�BNMUDQRHNM�
ADSVDDM�BNKNTQ�@MC�DEEDBSHUD�SDLODQ@STQD
�
%HDKC�BQNVCHMF�HR�@�QD@K�HRRTD��ADB@TRD� 
HS�HR�@KV@XR�CHEjBTKS�SN�CDSDQLHMD�VGDSGDQ�
SGD�RODBSQTL�VD�@QD�KNNJHMF�@S�G@R�ADDM�
DLHSSDC�AX�NMD�RS@Q��NQ�QDOQDRDMSR�SGD�
RTODQONRHSHNM�NE�RDUDQ@K
�3GD�BNLONRHSD�
nature of the stellar population is due  
MNS�NMKX�SN�SGD�E@BS�SG@S�VD�G@UD�SN�KNNJ�
SGQNTFGNTS�SGD�&@K@BSHB�CHRB��ATS�@KRN�SN�
the possible presence of disc as well as 
halo stars in situ
�6GDM�LD@RTQHMF�BGDLH�
B@K�BNLONRHSHNMR��HS�HR�CHEjBTKS�SN�SDKK�HE�VD�

@QD�KNNJHMF�@S�@�SQTD�!TKFD�RS@Q��@MC�VD�
would have to resort to other evidence 
�RTBG�@R�OGNSNLDSQX�@MC�JHMDL@SHBR�


Our brave team of astronomers was not 
C@TMSDC�AX�SGDRD�CHEjBTKSHDR��@MC�CDBHCDC�
SN�TMCDQS@JD�SGD�L@INQ�DMSDQOQHRD�NE�
LD@RTQHMF�DKDLDMSR�ENQ�!TKFD�QDC�FH@MSR
�
In this tour de force we measured hun�
CQDCR�NE�!TKFD�RS@QR��VGHBG�HR�@�R@LOKD�
RHYD�LNQD�SG@M�@M�NQCDQ�NE�L@FMHSTCD�
K@QFDQ�SG@M�D@QKHDQ�RSTCHDR
�6GHKD�VD� 
G@UD�MNS�ENTMC�@KK�SGD�@MRVDQR��VD�@QD�
extremely pleased with the progress 
L@CD�TRHMF�$2.�SDKDRBNODR
�3GHR�HR�NTQ�
RSNQX�@MC�SGD�L@INQ�QDRTKSR


Data for Bulge red giants

Target selection

(M�SGD�BNKNTQ�L@FMHSTCD�CH@FQ@L�HKKTR�
SQ@SDC�HM�%HFTQDp���SGD�S@QFDS�RS@QR�@QD�
KNB@SDC�NM�SGD�QDC�FH@MS�AQ@MBG��1&!���
roughly one magnitude above the red 
BKTLO
�3GD�@RSQNLDSQX�@MC�SGD�5��(� 
OGNSNLDSQX�BNLD�EQNL�.&+$�@MC�$2.�
6HCD�%HDKC�(L@FDQ��6%(��NARDQU@SHNMR
�
"QNRR�HCDMSHjB@SHNM�VHSG�SGD��, 22�ONHMS�
RNTQBD�B@S@KNFTD��"@QODMSDQ�DS�@K
��������
@KKNVDC�TR�SN�NAS@HM�5��(��)��'�@MC�*� 
L@FMHSTCDR�ENQ�D@BG�NE�SGD�S@QFDS�RS@QR
�
2NLD�NE�SGD�jDKCR�BNMS@HM�@�FKNATK@Q�
BKTRSDQ��M@LDKX�-&"�����@MC�-&"�����
HM�!@@CD�R�6HMCNV��-&"�����HM�SGD�
Ap�pl�o�jDKC��@MC�-&"�����HM�SGD�DONM�
XLNTR�jDKC
�,DLADQ�RS@QR�NE�SGDRD� 
clusters are the subject of other dedi�
B@SDC�O@ODQR��RDD�!@QATX�DS�@K
��������ENQ�
-&"�����
� KRN��HM�NQCDQ�SN�@UNHC�RSQNMF�
biases in the resulting iron distribution 
ETMBSHNM��(#%���VD�HMBKTCDC�S@QFDSR�RO@M�
ning the whole colour range of the RGB 
@S�SG@S�L@FMHSTCD


.ARDQU@SHNMR�VHSG�%+ ,$2

Spectra for a sample of K giants in four 
!TKFD�jDKCR�G@UD�ADDM�BNKKDBSDC�@S�SGD�
5+3�43��VHSG�SGD�%+ ,$2l&(1 %%$�
RODBSQNFQ@OG��@S�QDRNKTSHNM�1p]p�����
� �
SNS@K�V@UDKDMFSG�Q@MFD�NE�@ANTS����pÄ�G@R�
been covered through the setup combina�
SHNMR�'1��p
p'1��p
p'1����OQNFQ@LLD�
���
!��������@MC�'1��p
p'1��p
p'1���
�OQNFQ@LLD����
!�������ENQ�CHEEDQDMS�
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jDKCR
� �ONQSHNM�NE�@�SXOHB@K�RS@Q�RODBSQTL�
observed with both the GIRAFE and 
45$2�LNCDR�HR�RGNVM�HM�%HFTQDp�
�3GD�
BG@Q@BSDQHRSHBR�NE�SGD�NARDQUDC�jDKCR��
together with the number of target stars 
BNMS@HMDC�HM�D@BG��@QD�KHRSDC�HM�3@AKDp�
�
The total exposure time varied from 
@ANTS���GNTQ�SN�@KLNRS���GNTQR��CDODMC�
HMF�NM�SGD�RDSTO�@MC�NM�SGD�RS@Q�KTLH�
nosity (targets have been divided into a 
bright and a faint group) in order to 
DMRTQD�SG@S�SGD�jM@K�RHFM@K�SN�MNHRD��2�-��
NE�D@BG�BN�@CCDC�RODBSQTL�HR�@QNTMCp��
�
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Figure 1. The location of 
target stars in the col�
NTQ�L@FMHSTCD�CH@FQ@L�
NE�SGD�jDKC�@S�Ap�pl�¦
�
GIRAFFE targets are 
L@QJDC�HM�NQ@MFD��45$2�
NMDR�HM�BX@M
�3GD�AQN@C�
vertical sequence is the 
!TKFD�QDC�FH@MS�AQ@MBG��
with the red clump just 
ADKNV�NTQ�S@QFDSR
�/@Q�
tially visible as a vertical 
sequence on the left is 
SGD�CHRB�L@HM�RDPTDMBD��
spread along the line of 
RHFGS
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Figure 2. The spec�
trum of a typical star 
NE�NTQ�R@LOKD��@R�
observed with UVES 
(top) and GIRAFFE 
�ANSSNL�
�3GD�NWXFDM�
KHMD�@S�����pÄ�@MC�
the magnesium tri�
OKDS�@S�����pÄ�@QD�
L@QJDC��SNFDSGDQ�
with all the other 
HCDMSHjDC�KHMDR
�3GD�
high density of spec�
SQ@K�KHMDR�HR�DUHCDMS��
complicating the 
location of the stellar 
BNMSHMTTL


Table 1. Characteris�
tics of the four Bulge 
jDKCR
�(M�BNKTLM���
RGC is the offset dis�
tance from the 
&@K@BSHB�"DMSQD
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(M�E@BS��SGD�@BST@K�2�-�HR�MNS�HCDMSHB@K�
@LNMF�SGD�S@QFDSR�NE�@�FHUDM�jDKC
�2HLTK�
taneous to the GIRAFFE observations  
we collected UVES spectra for around  
���RS@QR��HM�BNLLNM�VHSG�SGD�&(1 %%$�

R@LOKD
�3GDRD�GHFGDQ�QDRNKTSHNM�RODBSQ@�
�1p]p�������@QD�TRDETK�ENQ�LNQD�OQDBHRD�
determinations of element abundances 
@MC�@�BGDBJ�ENQ�RXRSDL@SHB�DQQNQR�HM�SGD�
&(1 %%$��1p]p�������LD@RTQDLDMSR


Individual spectra were reduced with  
SGD�&(1!+#12�OHODKHMD�OQNUHCDC�AX�SGD�
%+ ,$2�BNMRNQSHTL��HMBKTCHMF�AH@R�� 
k@SjDKC��DWSQ@BSHNM�@MC�V@UDKDMFSG�B@KH�
AQ@SHNM
� KK�SGD�RODBSQ@�ENQ�D@BG�RS@Q��@�
MTLADQ�ADSVDDM���@MC����CDODMCHMF�NM�
SGD�jDKC��VDQD�SGDM�QDFHRSDQDC�HM�V@UD�
length to correct for heliocentric radial 
UDKNBHSX�@MC�BN�@CCDC�SN�@�RHMFKD�RODB�
SQTL�ODQ�RDSTO��ODQ�RS@Q
�(M�D@BG�OK@SD��
@ANTS����&(1 %%$�jAQDR�VDQD�@KKNB@SDC�
SN�DLOSX�RJX�QDFHNMR
�3GDRD�RJX�RODBSQ@�
were visually inspected to reject the few 
SG@S�LHFGS�G@UD�DUHCDMS�RSDKK@Q�kTW��@MC�
SGDM�BN�@CCDC�SN�@�RHMFKD�RJX�RODBSQTL
�
The latter was then subtracted from the 
RODBSQTL�NE�D@BG�S@QFDS�RS@Q
�3GD�DPTHU@�
lent widths (EWs) for selected iron lines 
were measured using the automatic code 
# .2/$"��2SDSRNM���/@MBHMN�������


Analysis of abundances and errors

The V�I colour was used to obtain photo�
LDSQHB�SDLODQ@STQDR��A@RDC�NM�SGD�HMEQ@�
QDC�kTW�LDSGNC
� R�@M�@CCHSHNM@K�HMCHB@SNQ�
of the star temperature we measured the 
strength of the TiO band using an index 
CDjMDC�ADSVDDM�����l����pÄ��A@MC��@MC�
����l����pÄ��BNMSHMTTL�QDFHNM�
�%HM@KKX�� 
it is worth emphasising that the photo�
metric temperature has only been used as 
@M�HMHSH@K�jQRS�FTDRR
�3GD�jM@K�@CNOSDC�
SDLODQ@STQD�HR�SGD�RODBSQNRBNOHB�NMD��
derived imposing excitation equilibrium on 
a sample of around 60 Fe I�KHMDR


Photometric gravity was calculated from 
SGD�L@RR�@MC�SGD�Q@CHTR��SGD�K@SSDQ�CDQHUDC�
EQNL�SGD�2SDE@Ml!NKSYL@M�K@V��QDK@SHMF� 
SGD�SNS@K�kTW��@ARNKTSD�ANKNLDSQHB�L@FMH�
STCD���SGD�SDLODQ@STQD�@MC�SGD�Q@CHTR�NE� 
@�AK@BJANCX
�%NQ�SGHR�B@KBTK@SHNM�VD�G@UD�
@CNOSDC�@�LD@M�CHRS@MBD�NE��pJOB�ENQ� 
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�DS�@K
��"GDLHRSQX�NE�SGD�&@K@BSHB�!TKFD��-DV�1DRTKSR

SGD�!TKFD��3�p�p����p*��KNFpF�p�p�
����
M��ANKp�p�
���@MC�,	p�p�
���,�
�-NSD�
SG@S��@S�D@BG�RSDO�NE�SGD�HSDQ@SHUD�OQNBDRR�
used to converge on the stellar parame�
SDQR�@MC�LDS@KKHBHSX��CDRBQHADC�ADKNV�� 
SGD�OGNSNLDSQHB�FQ@UHSX�V@R�QD�B@KBTK@SDC�
TRHMF�SGD�@OOQNOQH@SD��RODBSQNRBNOHB��SDL�
ODQ@STQD�@MC�LDS@KKHBHSX


+NB@K�3GDQLNCXM@LHB�$PTHKHAQHTL��+3$��
abundance analysis was performed using 
standard procedures and the new MARCS 
ROGDQHB@K�LNCDKR
�$WBHS@SHNM�DPTHKHAQHTL�
was imposed on Fe I�KHMDR�HM�NQCDQ�SN�QDjMD�
the photometric Teff��VGHKD�OGNSNLDSQHB�
FQ@UHSX�V@R�HLONRDC��DUDM�HE�HNMHR@SHNM�
DPTHKHAQHTL�V@R�MNS�ETKjKKDC
�3GD�LHBQN�
turbulence velocity (VT��V@R�ENTMC�AX�HL��
ONRHMF�@�BNMRS@MS�:%D�'<�ENQ�KHMDR�NE�CHEEDQ�
ent expected strengths (predicted EWs  
ENQ�@�FHUDM�RSDKK@Q�LNCDK�
�%HM@KKX��NMBD�
BNMUDQFDC�NM�SGD�ADRS�RSDKK@Q�O@Q@LDSDQR��
VD�B@KBTK@SDC�SGD�:%D�'<�NE�D@BG�RS@Q�@R� 
@�VDHFGSDC�LD@M�NE�SGD�KHMD�AX�KHMD�LD@R�
TQDLDMSR
�3GD�VDHFGS�@RRNBH@SDC�VHSG�
each line is given by the inverse square of 
HSR�@ATMC@MBD�DQQNQ��@R�CDQHUDC�EQNL�SGD�
DQQNQ�HM�SGD�LD@RTQDC�$6R


There are three independent estimates of 
the internal errors: i) via repeated and 
independent analysis; ii) by comparison 
with the UVES results; and iii) using glob�
TK@Q�BKTRSDQ�RS@QR
�3GDRD�HMCHB@SD�
σ:%D�'<p�p�
�����
����@MC��
���CDW��QDRODB�
SHUDKX
�%HFTQDp��RGNVR�@�BNLO@QHRNM�
between GIRAFFE and UVES iron abun�
dances for stars observed with both  
RDSTOR
� KK�SGNRD�DRSHL@SDR�HMBKTCD�SGD�
RL@KKDQ���p�
��pCDW��RS@SHRSHB@K�DQQNQ� 
CTD�SN�KHMD�SN�KHMD�CHRODQRHNM��ATS�D@BG�NE�
them includes only a subset of all the 

ONRRHAKD�B@TRDR�NE�DQQNQR
�/TSSHMF�
SNFDSGDQ�SGD�CHEEDQDMS�SDRSR��@MC�BNMRHCDQ�
HMF�SG@S�RNLD�NE�SGD�RXRSDL@SHBR��MNM�
+3$�DEEDBSR��TMBDQS@HMSHDR�HM�SGD�LNCDK�
@SLNROGDQDR�SGDLRDKUDR��DSB
��G@UD�MNS�
ADDM�S@JDM�HMSN�@BBNTMS�GDQD��VD�B@M�
BNMBKTCD�SG@S��p�
�pCDW�HR�@�BNMRDQU@SHUD�
estimate of our uncertainty on the metal�
KHBHSX�NE�@M�HMCHUHCT@K�RS@Q��HMBKTCHMF�ANSG�
SGD�DEEDBS�NE�RS@SHRSHBR�@MC�RXRSDL@SHBR


Results: the detailed Bulge chemical 
abundances

The contamination due to disc and halo

!DENQD�@M@KXRHMF�SGD�@ATMC@MBDR��VD�
boldly estimated the contamination in the 
RTQUDX�jDKCR�BNLHMF�EQNL�SGD�&@K@BSHB�
SGHM�CHRB��SGHBJ�CHRB�@MC�G@KN�TRHMF�@M�
updated version of the Besancon Galaxy 
LNCDK��1NAHM�DS�@K
�������
�2HLTK@SDC� 
BNKNTQ�L@FMHSTCD�CH@FQ@LR��",#R��G@UD�
ADDM�BNMRSQTBSDC�ENQ�SGD�SGQDD�jDKCR�
@KNMF�SGD�!TKFD�LHMNQ�@WHR
�,HMNQ�@CITRS�
ments were made in the assumed red�
dening law to ensure that the simulated 
red clump would coincide in colour  
@MC�L@FMHSTCD�VHSG�SGD�NARDQUDC�NMD
�
The model CMDs reproduce well many  
BG@Q@BSDQHRSHBR�NE�SGD�NARDQUDC�",#R��
@KSGNTFG�RNLD�CHEEDQDMBDR��DRODBH@KKX�HM�
SGD�BNKNTQ�ROQD@C��KHJDKX�CTD�SN�CHEEDQDMSH@K�
QDCCDMHMF���@QD�DUHCDMS


Contaminating foreground thin disc  
stars are estimated to be giant stars (not 
dwarfs as one might naively expect) 
KNB@SDC�LNRSKX�ADSVDDM���@MC��pJOB�EQNL�
SGD�2TM
�3GD�BNMS@LHM@SHNM�EQNL�SGD�G@KN�

ONOTK@SHNM�STQMR�NTS�SN�AD�ADSVDDM�YDQN� 
@MC����HM�@KK�SGD�jDKCR��@MC�GDMBD�HS�B@M�
AD�R@EDKX�MDFKDBSDC


%HM@KKX��MNSD�SG@S�NTQ�JMNVKDCFD�NE� 
the disc properties far from the Sun is still 
DWSQDLDKX�ONNQ
�3GD�!DR@MBNM�LNCDK�
OQDCHBSR�L@MX�SGHBJ�CHRB�RS@QR�HM�SGD�BDM�
SQ@K�QDFHNM�NE�NTQ�&@K@WX
�'NVDUDQ��SGDQD�
HR�BDQS@HMKX�@�GNKD�HM�SGD�' I�@MC�".�CHR�
SQHATSHNM�HMRHCD�]�pJOB��@MC�VD�JMNV�SG@S�
in most barred galaxies disc stars are 
BKD@MDC�TO�HM�SGD�BDMSQ@K�QDFHNM
�6D�CN�
MNS�JMNV�HE�SGD�QD@K�SGHBJ�CHRB�ENKKNVR�SGD�
SGHM�CHRB�@MC�F@R�CHRSQHATSHNM��NQ�VGDSGDQ�
HS�JDDOR�FQNVHMF�SNV@QCR�SGD�BDMSQD
�
3GTR��SGD�QDK@SHUD�BNMSQHATSHNMR�NE�SGD�U@Q�
HNTR�&@K@BSHB�BNLONMDMSR�HM�jDKCR�RN�
close to the Galactic Centre need to be 
G@MCKDC�VHSG�B@TSHNM


The Bulge metallicity gradient

Based on the metallicity distribution 
obtained from high dispersion spectros�
copy of hundreds of stars in different 
!TKFD�jDKCR��VD�BNMjQL�SG@S�SGD�!TKFD�HR�
OQDCNLHM@MSKX�LDS@K�QHBG��VHSG�@�LDS@KKHB�
HSX�CHRODQRHNM�LTBG�K@QFDQ�SG@M�SGD�DQQNQR


The iron distribution functions (IDFs) 
NAS@HMDC�HM�SGD�SGQDD�jDKCR�@KNMF�SGD�
!TKFD�LHMNQ�@WHR�@QD�RGNVM�HM�%HFTQDp�
�
6D�CN�MNS�RGNV�SGD�(#%�ENQ�SGD�jDKC�
@QNTMC�-&"�����GDQD�@R�SGHR�jDKC�G@R�
SGD�RSQNMFDRS�CHEEDQDMSH@K�QDCCDMHMF�� 
@MC�MNMD�NE�SGD�QDCCDRS�RS@QR�VDQD�HM��
BKTCDC�HM�NTQ�S@QFDS�KHRS
�(M�@CCHSHNM��SGD�
RDO@Q@SHNM�ADSVDDM�BKTRSDQ�@MC�jDKC� 
RS@QR�HR�UDQX�CHEjBTKS�SN�DRS@AKHRG�HM�SGHR�
jDKC�ADB@TRD�SGD�BKTRSDQ�RG@QDR�SGD�LD@M�

Figure 3.�#HEEDQDMBD�ADSVDDM�SGD�:%D�'<�@ATMC@MBD�
ratio measured in the GIRAFFE and in the UVES 
RODBSQ@�ENQ�SGD�R@LD�RS@QR
�3GD�LD@M�CHEEDQDMBD�
ADSVDDM�SGD�SVN��RNKHC�KHMD��HR�BNMRHRSDMS�VHSG�YDQN�
NM�@UDQ@FD��@MC��HM�O@QSHBTK@Q��@QNTMC�:%D�'<p�p��
VGDQD�LNRS�NE�NTQ�RS@QR�@QD�KNB@SDC
�3GD�ROQD@C� 
of the distribution (dotted lines) is σp�p�
��pCDW��
included in our conservative error estimate of 
σ:%D�'<p�p�p�
�pCDW��ENQ�SGD�&(1 %%$�RODBSQ@
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metallicity and radial velocity of Bulge 
RS@QR
�%HFTQD���BKD@QKX�RGNVR�@�CHEEDQDMBD�
HM�SGD�LD@M�LDS@KKHBHSX�NE�SGD�SGQDD�jDKCR��
with the inner one being on average  
LNQD�LDS@K�QHBG�SG@M�SGD�HMSDQLDCH@SD�@MC�
NTSDQ�NMD
�3VN�&@TRRH@MR�@QD�OKNSSDC�
over the metallicity distribution of Bulge 
stars (histograms) showing the estimated 
ODQBDMS@FD�BNMS@LHM@SHNM�AX�SGHBJ�@MC�
SGHM�CHRBR
�3GD�&@TRRH@MR�CN�G@UD�SGD�
mean and sigma values characteristic of 
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HMMDQ�CHRB�Q@CH@K�FQ@CHDMS�ENQ�HMSDQLDCH@SD�
age and old stars has never been meas�
TQDC��GDMBD�VGDQD�DW@BSKX�SGDRD�&@TR�
RH@MR�VNTKC�KHD�HR�MNS�UDQX�VDKK�JMNVM


The Baade�s Window IDF has been 
CDQHUDC�EQNL�SGD�BNLAHM@SHNM�NE�NTQ�C@S@��
plus a very similar set of spectra for red 
BKTLO�RS@QR��NAS@HMDC�VHSGHM�SGD�&3.�
programme and reduced in a consistently 
V@X��BE
�+DBTQDTQ�DS�@K
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Q@SHNM�
�(M�ROHSD�NE�SGD�TMBDQS@HMSX�NM�SGD�
mean metallicity of the contaminating 
CHRB�RS@QR��HS�HR�BKD@Q�SG@S�SGDHQ�MTLADQ�HR�
MDFKHFHAKD�HM�SGHR�jDKC
�3GD�(#%�NE�SGD�jDKC�

Figure 4. Iron Distribution Function (IDF) in the 
SGQDD�jDKCR�@KNMF�SGD�!TKFD�LHMNQ�@WHR
�3GD�HMMDQ�
LNRS�jDKC��TOODQ���@S�&@K@BSHB�K@SHSTCD�Ap�pl�o 
�!@@CD�R�6HMCNV��BNMS@HMR�����S@QFDS�RS@QR��VHSG�
LD@M�LDS@KKHBHSX��:%D�'<�p�p
�
��
�3GD�HMSDQLDCH@SD�
jDKC��LHCCKD��@S�Ap�pl�o�HMBKTCDR�����S@QFDS�RS@QR��
VHSG��:%D�'<�p�pl�
��
�3GD�NTSDQLNRS�jDKC��KNVDQ��@S�
K@SHSTCD�Ap�pl��o��HMBKTCDR�����S@QFDS�RS@QR��VHSG�
�:%D�'<�p�pl�
��
�3GD�AKTD�&@TRRH@MR�PT@KHS@SHUDKX�
show the percentage of target stars estimated to 
ADKNMF�SN�SGD�&@K@BSHB�SGHM�@MC�SGHBJ�CHRB��@MC�SGDHQ�
@OOQNWHL@SD�(#%��@RRTLHMF�HS�HR�RHLHK@Q�SN�SGD�SGHM�
SGHBJ�CHRB�(#%�HM�SGD�2NK@Q�-DHFGANTQGNNC
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@S�Ap�pl�¦�G@R�ADDM�CDQHUDC�EQNL�����
giant stars and shows a hint of bimodal�
HSX��TMKHJD�SGD�NSGDQ�jDKCR
� F@HM��SGD�
 relative disc contamination is low in this 
jDKC��@MC�VNTKC�MNS�G@UD�@�RHFMHjB@MS�
impact on the shape of the derived  
!TKFD�(#%
�3GD�jDKC�@S�Ap�pl��¦�G@R�SGD�
KNVDRS�LDS@KKHBHSX��ATS�@KRN�SGD�GHFGDRS�
jDKC�BNMS@L�HM@SHNM��CTD�SN�@�UDQX�Q@OHC�
decrease of the Bulge density with 
QDRODBS�SN�SGD�CHRB�NMD���SGTR�SGD�GHFGDRS�
TMBDQS@HMSX�HM�SGD�SQTD�!TKFD�(#%
�'NVDUDQ�
even if we consider only the innermost 
SVN�jDKCR��SGDQD�HR�@�Q@CH@K�LDS@KKHBHSX�
�FQ@CHDMS��VHSG�SGD�(#%�LD@M�U@KTD�FNHMF� 
EQNL��:%D�'<�p�p
�
���@S�Ap�pl�¦�SN�
�:%D�'<�p��pl�
���@S�Ap�pl�¦
�,NQD�ROD�
BHjB@KKX��HS�RDDLR�SG@S�Q@SGDQ�SG@M�@�RNKHC�
RGHES�SNV@QCR�LNQD�LDS@K�ONNQ�LD@M� 
U@KTDR��HS�HR�SGD�LDS@K�QHBG�RS@QR�SG@S�FQ@C�
T@KKX�CHR@OOD@Q��VGHKD�SGD�LDS@K�ONNQ�
ones are always roughly in the same 
ONRHSHNM


,DS@KKHBHSX�CDODMCDMBD�NM�JHMDL@SHBR

We studied the dependence of the radial 
velocities versus metallicity for Bulge  
jDKC�RS@QR�HM�SGD�SGQDD�jDKCR
�%HQRS��@R�
DWODBSDC��SGD�UDKNBHSX�CHRODQRHNM��σRV) 

FNDR�CNVM�@KNMF�SGD�!TKFD�LHMNQ�@WHR��
from σRVp�p���pJL�R�HM�!@@CD�R�6HMCNV��
σRVp�p��pJL�R�HM�SGD�Ap�pl�¦�jDKC��@MC�
σRVp�p��pJL�R�HM�SGD�jDKC�@S�Ap�pl��¦
�
The latter would be further reduced to 
σRVp�p���JL�R�HE�SGD�jUD�RS@QR�VHSG�@ARN�
lute velocity |VRV[p�p����JL�R�@QD�QDIDBSDC�
�D
F
��HE�SGDX�@QD�G@KN�RS@QR�
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SG@M�SGD�LDS@K�ONNQ�NMD�HM�SGD�HMMDQLNRS�
jDKC��@ANTS�SGD�R@LD�HM�SGD�HMSDQLDCH@SD�
NMD��@MC�DWSQDLDKX�BNKC�HM�SGD�NTSDQLNRS�
jDKC
�3GD�NTSDQLNRS�jDKC�HR�BNMS@LHM@SDC�
VHSG�CHRB�RS@QR��@MC�VD�OQNONRD�SG@S� 
SGD�LDS@K�QHBG�S@HK�HR�HM�E@BS�L@CD�TO�NE�
SGHM�CHRB�RS@QR
�.M�SGD�NSGDQ�G@MC��SGD�
SVN�HMMDQLNRS�jDKCR�G@UD�MDFKHFHAKD�CHRB�
BNMS@LHM@SHNM��@MC�SGD�HMSDQOQDS@SHNM� 
NE�SGD�CHEEDQDMS�JHMDL@SHBR�NE�SGD�LDS@K�
rich component with respect to the 
LDS@K�ONNQ�NMD�HR�MNS�RSQ@HFGSENQV@QC�
�!@ATRH@TW�DS�@K
��������HM�OQDO@Q@SHNM�


3GD�HLONQS@MS�KHFGS�DKDLDMSR�.��,F��-@�
and Al in the Bulge
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RNCHTL�@MC�@KTLHMTL�HM�SGD���p*�FH@MSR�
NARDQUDC�SGQNTFG�SGD�%+ ,$2�RHLTKS@�
MDNTR�jAQD�KHMJ�SN�45$2
�3GDRD�G@UD�
:%D�'<�BNUDQHMF�@�VHCD�LDS@KKHBHSX�Q@MFD��
EQNL���
��SNp
p�
���9NBB@KH�DS�@K
��������
+DBTQDTQ�DS�@K
�������
�3GD�QDRTKS�HR�RGNVM�
HM�%HFTQDp���VGDQD�HS�HR�DUHCDMS�SG@S�!TKFD�
stars have larger [O/Fe] and [Mg/Fe]  
SG@M�ANSG�SGHM�@MC�SGHBJ�CHRB�RS@QR
�3GHR�HR� 
the signature of a chemical enrichment 
AX�L@RRHUD�RS@QR��OQNFDMHSNQR�NE�3XODp��
Supernovae (SN II���VHSG�KHSSKD�NQ�MN�BNMSQH�
bution from SN I@��@MC�SGTR�NE�@�RGNQSDQ�
formation timescale of the Bulge with 
QDRODBS�SN�ANSG�CHRB�BNLONMDMSR
�(M�SGHR�
RDMRD��SGD�!TKFD��HMBKTCHMF�HSR�FKNATK@Q�
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Figure 5. Oxygen to iron (left) and magnesium to iron 
(right) ratios for Bulge stars, as determined in the 
present analysis, compared with the same quantities 
available in the literature for thin and thick disc stars. 
It is evident that both [O/Fe] and [Mg/Fe] are higher 
in the Bulge than in the thin and thick disc.
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clusters) is the most extreme Galactic 
population. This result is in agreement 
with previous studies of a smaller number 
of stars (10�15) covering a narrower 
metallicity range (e.g., McWilliam et al., 
2003; Rich & Origlia, 2005; Cuhna et al., 
������@MC�G@R�ADDM�BNMjQLDC�AX�%TK-
bright et al. (2007). However, Melendez et 
al. (2008) found similar [O/Fe] ratios in 
Bulge and thick disc stars, due to a new 
abundance analysis of thick disc giants, 
showing higher oxygen content (while 
Bulge giants have abundances consistent 
with the present ones).

Lithium in the Bulge: a scarce element

Lithium, due to its fragility, is expected  
to be strongly diluted in giants. In marked 
contrast with this expectation, several  
Li-rich red giants have been found to 
date. Very intriguingly, no difference has 
yet been found between Li-rich stars and 
those showing normal Li abundance.

3GD�RODBSQ@�NE�@ANTS����p*�FH@MSR��HM�
!@@CD�R�6HMCNV�@MC�SGD�Ap�p��o�jDKCR��
including the region around the Li line  
@S�����
��pÄ��VDQD�NARDQUDC
�.MKX����NE�
them have a detectable Li line, with six  
of them having logarithmic abundances 
 �+H�p�p�
���&NMY�KDY�DS�@K
�������
�-N�
clear correlation was found between the 
Li abundance and those of other ele-
ments. Except for the two most Li-rich 
RS@QR��SGD�NSGDQR�ENKKNV�@�E@HQKX�SHFGS� �+H��
Teff correlation. We conclude that there 
must be a Li production phase during the 

RGB, acting either on a very short times-
cale, or selectively only in some stars. The 
proposed Li production phase associated 
with the RGB bump cannot be excluded, 
@KSGNTFG�NTQ�S@QFDSR�@QD�RHFMHjB@MSKX�
brighter than the predicted RGB bump 
L@FMHSTCD�ENQ�@�ONOTK@SHNM�@S��pJOB


What this all means: the formation of the 
Galactic Bulge

Zoccali et al. (2003) have shown that  
@�RHLTK@SDC�",#�VHSG�@M�@FD�NE���p&XQ�
(which includes the Bulge metallicity  
distribution) gives a good match to the 
Bulge CMD. This match includes the 
luminosity difference between the hori-
zontal branch and the main sequence 
turnoff, a classical age indicator. How-
ever, due to metallicity, reddening, and 
distance dispersion, the Bulge turnoff 
cannot be located to better than 0.2�0.3 
mag, corresponding to an age uncer-
S@HMSX�NE�]�l�p&XQ
�"NMRDQU@SHUDKX��VD�
take the age of the bulk of Bulge stars  
SN�AD�HM�DWBDRR�NE���p&XQ
�3GHR�KHLHS� 
HR�BNMjQLDC�AX�SGD�QDBDMS�@M@KXRHR�NE�@�
Bulge CMD that was cleaned of fore-
ground disc contamination via proper 
motions (Clarkson et al., 2008). Such an 
age limit implies that star formation and 
BGDLHB@K�DMQHBGLDMS�G@C�SN�AD�BNMjMDC�
VHSGHM�@�SHLD�HMSDQU@K�SG@S�HR�CDjMHSDKX�
shorter than the age of the Universe at  
@�KNNJA@BJ�SHLD�NE���p&XQ��NQ�]�
�p&XQ�
according to the current concordance 
cosmology. If the bulk of Bulge stars 
formed in the cosmic time interval corre-

sponding to a redshift between  
3 and 2, then star formation cannot have 
taken much more than approximately 
�p&XQ
�3GTR��SGD�L@HM�TMBDQS@HMSX�@EEDBS-
ing the duration of the star formation in 
the Bulge comes from the uncertainty in 
its age: the older it is, the shorter the star 
formation era.

The second constraint on the formation 
timescale of the Bulge comes from the 
measured alpha-element enhancement 
(Barbuy et al., 2006; Zoccali et al., 2004, 
2006; Lecureur et al., 2007). This is inter-
preted as a result of the interplay of the 
fast delivery of iron-poor nucleosynthesis 
products of massive stars by SN II, with 
the slow delivery of iron-rich products  
by SN Ia. A star formation timescale of 
@OOQNWHL@SDKX��p&XQ�HR�FDMDQ@KKX�CDQHUDC�
from chemical evolution models, which 
typically assume a distribution of SN Ia 
delay times. Thus, the derived timescale 
is modulo the adopted distribution of 
SN Ia delay times. Other equally plausible 
distributions would have given somewhat 
shorter or longer timescales. Thus,  
until the actual mix of SN Ia progenitors is 
ETKKX�HCDMSHjDC��VD�RG@KK�QDL@HM�VHSG�SGHR�
uncertainty on how to translate an alpha-
element overabundance into a star for-
mation timescale. All in all, combining the 
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@FD�@MC�SGD�@KOG@�DKDLDMS�DMG@MBDLDMS�
BNMRSQ@HMSR��VD�BNMBKTCD�SG@S�SGD�ENQL@�
SHNM�NE�SGD�!TKFD�B@MMNS�G@UD�S@JDM�LTBG�
KNMFDQ�SG@M�@OOQNWHL@SDKX��p&XQ


(M�@CCHSHNM��SGD�Q@CH@K�LDS@KKHBHSX�FQ@CHDMS�
found here would argue against the  
ENQL@SHNM�UH@�RDBTK@Q�DUNKTSHNM�NE�SGD�A@Q��
because obviously the vertical heating 
SG@S�SQ@MRENQLR�@�A@Q�HMSN�@�ORDTCN�ATKFD�
VNTKC�MNS�@BS�OQDEDQDMSH@KKX�NM�LDS@K�ONNQ�
RS@QR
�'NVDUDQ��BNLAHMHMF�NTQ�QDRTKS�VHSG�
OQDUHNTR�NMDR�NM�SGD�HMMDQ�!TKFD��@S�SGD�
LNLDMS�SGDQD�HR�DUHCDMBD�NE�@�k@S�LDS@K�
KHBHSX�CHRSQHATSHNM�HMRHCD�]���pOB��@MC� 
@�Q@CH@K�FQ@CHDMS�NTSRHCD
�2GNTKC�SGNRD�
jMCHMFR�AD�BNMjQLDC��SGDX�LHFGS�HMCHB@SD�
SGD�OQDRDMBD�NE�@�CNTAKD�BNLONMDMS�
!TKFD��@M�HMMDQ�ORDTCN�ATKFD��@MC�@M�
NTSDQ�BK@RRHB@K�NMD��@R�@KQD@CX�ENTMC�AX�
/DKDSHDQ�DS�@K
��������VHSGHM�SGD�2 41.-�
RTQUDX�NE�F@K@WX�ATKFDR


%HM@KKX��BNMBDQMHMF�SGD�!TKFD�BGDLHB@K�
DUNKTSHNM��EQNL�SGD�(#%�VD�BNMBKTCD� 
that the Bulge must have accreted primor�
CH@K�F@R��CTD�SN�SGD�K@BJ�NE�LDS@K�ONNQ�
stars with respect to the simple model 

OQDCHBSHNM��SGD�RN�B@KKDC�&�CV@QE�OQNAKDL��
solved with the inclusion of some infall  
in the model) and must have ejected a 
substantial fraction of the iron it produced 
�NTSkNV�
�(M�@CCHSHNM��EQNL�SGD�NUDQ@ATM�
C@MBD�NE�@KOG@�DKDLDMSR�PTNSDC�@ANUD��
we can conclude that the Bulge cannot 
G@UD�@BBQDSDC�RS@QR�@KQD@CX�RHFMHjB@MSKX�
enriched by SN I@�OQNCTBSR��RTBG�@R�CHRB�
RS@QR��NQ�RS@QR�ANQM�HM�SGD�RTQUHUHMF�R@SDKKHSD�
F@K@WHDR�HM�SGD�+NB@K�&QNTO


We are currently completing the analysis 
AX�LD@RTQHMF�SGD�@KOG@�DKDLDMSR�HM�SGD�
BNLOKDSD�&(1 %%$�R@LOKD
�3GD�CHEEDQDMS�
abundances of these elements in Bulge 
and disc stars will allow us to pose a 
stronger constraint on the fractional disc 
BNMS@LHM@SHNM�HM�SGD�(#%R�NE�%HFTQDp�
� 
(M�@CCHSHNM��VD�VHKK�LD@RTQD�NSGDQ�GD@UHDQ�
DKDLDMSR��@CCHMF�HMCDODMCDMS�BNM�
straints on the chemical enrichment his�
SNQX��SGTR�SGD�ENQL@SHNM�SHLDRB@KD
� 
6D�KNNJ�ENQV@QC�SN�SGD�$�$+3��HSR�E@MS@RSHB�
BNKKDBSHMF�ONVDQ��BNTOKDC�VHSG�SGD�GHFG�
spectral resolution of one of the pro�
ONRDC�HMRSQTLDMSR��SGD�MD@Q�(1�RODBSQN�
FQ@OG�2(,/+$��@S�1p]p���������VHKK�@KKNV�

us to measure abundances in Bulge  
L@HM�RDPTDMBD�RS@QR
�3GDRD�@QD�GNSSDQ��
SGTR�G@UD�BKD@MDQ�BNMSHMT@��@MC�@QD� 
TMDUNKUDC��H
D
��SGDX�L@HMS@HM�NM�SGDHQ� 
surface the exact chemical pattern of the 
F@R�EQNL�VGHBG�SGDX�VDQD�ANQM
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