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Pb(1GeV/A) + d, LAQGSM+GEM2
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V(kt^ µui³dV Á�iW¢±jU�RlV�`�V�kt^ µui³dV Á�`(k�ØO±tWbknVdµÉV�^O±�mYktW.º»i³da ` Wbø"ktiuktV�µrq;Ú_q²iuknR0±�µWY³0V�TnMG½¿kÌRlVORlmY¶�ènkn`�T³0a]kS³0ºfµU(kpT�k
ikpR0±�µuWb³dV�T;ÈKWbµUÖ¯�q�°;NfL(QÌÚ;N;g=Q�å(MÉì.V(k<WYmbmY^�T�µijR}µWY·0k<ktã(Rla]¸(mYkPW¢T9TU(³}ÈKVDWbV�Ý7WY¼�M�Ñ�[�ÈKU(knik<È5k<±�³daP¸ORliuk�µuU(k
ikp±�ktV�µ_NfL ×KaPkpR0T^(iukta]ktV�µ�´�¶Sì.ènR$ÈÇRS���
{}zg"�æ ùdÃ}ç7³0º7µuU(k>iuknRd±�µuWb³dV � Ïpq
i ß Â0M ÃdÓ<N_knÄ;Õ}V�^O±�mYkt³0VBà�ÚÙ) ë k9ÈKWbµUS³d^(i
ikpT�^(mbµuTnM%¯�q�°;NfL Q¿Ú;N;g=Q�å¾` kpT±tiWY´BknT9a]³�T�µ>³0ºÇµU(kÉaPkpR0T^(iukn`¿V(kt^(µiu³0V Á�iW¢±jUD¸(iu³�`(^�±�µ>¶�WYktm¢`(T>í�^(WbµkÉÈ�knmbm5RlV�`
ikn¸(i³ ` ^O±�knT_±�³diiukn±�µmY¶rµU(k]±jU�RlV�¼0k>³0º�µU�kPa]kpR0T^(ikp`S±�iu³dTuT_T�kp±�µWY³0VOT�WYV¿R0V�WYV�µktiu·}Rlm�±�³}·dktiuWbV(¼ÉRl´B³0^ µfT�WbãS³0ij` kniuT
³lº�a<R0¼0V(Wbµ^�`(k0MP½Ìk]´BktmYWbkn·0kPµU�Rlµ9T�³daPk]³0º=µU�kP³}·dktiuknT�µWYa<R}µWY³0V�´�¶Ì¯�q�°;NfL QÌÚ;N;g�Q�åÀ³lº�µuU(k<a]knR0T^(iukn`�·0ktiu¶
V(kt^ µui³dV Á�iW¢±jU%¸(iu³�`(^�±�µ;¶�WbknmY`(T.W¢T.iuktm¢R}µukn`%a]³dikfµu³ÀµuU(kPmbWYa]Wäµukn`�T�µuRlµW¢T�µuWY±nT�³0º=³0^�i_Q%³dV�µk�Á�Î5RliumY³�±tRlm¢±�^�mYRlµWY³0V ß º»³0i
µU(k.mYRdT�µ=a]kpR0T^(ikp`PV(kt^ µui³dV Á�iW¢±jU]V�^O±�mYWY` kpT�ÈKWbµU]µuU(k�mY³}È�kpT�µ=±ti³�TT=T�kp±�µWY³0VOTt[dÈ�k
UOR$·0kK³0V�mb¶�³0V(k
³di�µ�È5³9T�WYa>^�mYRlµkn`
kt·0knV�µuTjà�µuU�RlVrµu³]T³0a]kfTktiuWb³d^�TÇ¸(U�¶ T�W¢±tTÇ¸(iu³0´�mbkna]T5³0º7³d^(i
±�³ ` kdM

:
+
� �(E��&��Ú ���(ó

Ý�i³daÙµU(kÉikpT�^(mbµuT>¸(iuknTktV�µkp`�U(ktiukÀR0V�`�WYV�µU(kr±�Wbµkp`�iktº»ktiuktV�±tknTn[�È�kÀ±t³0V�±tmb^O` k�µuU�R}µ]¯�q�°;NfL Q ` kpT±tiWY´BknT
È�knmbm ß RlV�`ÀÈKWäµuU(³0^ µ�R0V�¶<iktØ(µ�µukn`�¸ORlijRla]k�µuktijTuà�R>m¢Rliu¼0k.·}RliuWbktµ�¶<³lº�a]kp` Wb^�a�Á=R0V�`�U�Wb¼dU Á�knV(ktiu¼0¶]V�^�±tmbkpRliÇikpR0±�µWY³0V�T
WbV�`(^�±�kp`¾´O³0µUS´�¶ÀV�^�±tmbknW�R0V�`¾¸�RliµW¢±�mYknT�RlV�`rW¢T�T^(WäµjRl´(mYkfº»³di
kt·}RlmY^�RlµWY³0V�TK³0º6V�^O±�mYknRli
`�R}µuR<º»³0i�R0¸(¸(mYWY±nR}µWY³0VOT
RlV�`
µ³�T�µ^�` ¶À´�R0TWY±_¸(iu³0´�mbkna]TÇWYV¾V�^�±�mYknR0iKikpR0±�µuWb³dVÉTu±�WYktV�±tk0M�Q%kni¼dWbV�¼�³d^(i
¯�q�°;NfL QÙ±�³ ` kfÈKWbµUrµuU(k>N_ktV(kniuR0mbWYètkp`
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d�egf-h�i8kÒô¹m nÅv6o(x�x{x�� �&� wyo(z�xõo(|r�v6o8ö2� ��� w�~y�÷|gv*t3ø�qs��z � x½¥�w �6� z�� � ~���t8v
�*� t3v6ø(��xÎùWúû� x � o�¥�zso�z �6� � � o�ru¤Wt3zu�qüt(x�x���x�ý�ú� x � o�¥�zo�z �6� ��¢-o ��� o�qþ¤r�v6o���� � ���ÿ|gv6o�q ¿ÁÃ��¹À&¿�� ¢-��t(qsx� x � o�¥�z¼o�z �6� � v6w�ø ��� ¤�w�z¼tð¿ÁÀ�n
� t3v6ø(� � ® «���r-��v6w�qs��z � t3~���t � t��ÌËu~�~����
� wÍv � ~���x*¤×t8v6�Ö|gv6o(q � � ï � ® � r-��z � wÍv��
� ~���xèx � o�¥ o���v�¦�§Ä¨���©�ª � ��«pª¬v6��x���~ � xð|go(v �6� � qs��t(x���v6��� � v6o(x�xx�� ��� w�o(z�x t3zu�£r�v6����w ��� w�o(z�x |Ìo(vpx��	�»��v*t3~��z�qs��t(x���v6���Õw�x�o � o�r-��x�® 
�t(x � ���~�w�z���x¼x � o�¥ v6��x���~ � x�¢�¡ �6� � �6� �t(¢�v*t(x�w�o�z��Át(¢�~yt � wyo(zÊqso�����~�� � Æ �p|gv6o�q� � ï � ®
g�·}R0¸O³diuRlµWY³0VÉQS³�`(ktm�±t³ ` k9N;g=Q�å
´�¶GÝ(^(iuWbUOR}µuRÒæäÂpÅ [PÂnÑ$ç<RlmYmb³}È
T�^�T
µ³ `(knTu±�iuWb´Bk ikpR0T³0V�R0´(mb¶ È5ktmYm
a<RlV�¶¾ØOTuT�WY³0V¿RlV�`�º»ijRl¼0a]knVdµjR}µuWb³dV
iuknR0±�µWY³0V�T²WbV Rd`(` WbµWY³0V µ³ µuU(k
T¸�RlmYmYRlµWY³0V iuknR0±�µWY³0V�T R0mbiuknRd` ¶
` kpT±tiWY´Okp` È5ktmYmÆ´�¶ ¯�q�°;NfL Q�M
® U(W¢T ` ³�kpT V(³0µ a]knR0V�T µUOR}µ
¯�q�°;NfL(QÌÚ;N;g=Q�å>W¢TKÈKWäµuU(³0^(µ

¸(i³d´(mYkta<TtMÆÝ�³0iÉWbV�T�µuR0V�±�kd[
Wbµr` ³�knTÀV(³lµrikn¸(iu³�`(^�±�kSÈ5ktmYm
µuU(k�a<RdTTÉ` WYT�µiuWY´(^ µWY³0VOT<º»³0irT�³da]kSØOTuT�WY³0V(Áûº»ijRl¼daPknV�µ
ktmYkta]ktV�µuTÀº»iu³0a µU(kÌikpR0±�µWY³0VGÂÌN_knÄ;Õ}q c � Ð 'ÙÚ cÏuÐ h�´ a]knRdT�^�ikp`Aikp±�ktV�µumb¶AR}µ%NfL�×Sæ ùOÂ�ç�[.RlmbµU�³0^(¼dU�Wäµ¾T�µuWbmYm
ikn¸(i³ ` ^O±�knT�·0kni¶PÈ5ktmYmOµuU(k_WbV�µkn¼0ijRlmBa<R0TuT�Á�RlV�`É±jU�Rliu¼0ktÁ�` W¢T�µiuWb´(^(µWY³0V�T=³lº�RlmYm"¸(iu³�`(^�±�µjTtM�½¿k�µuU(WbV�X]µU�Rlµ5µuU(k_a]R0WbV
ikpR0T³0V�T
º»³0i.µU(W¢T;¸(iu³0´(mYktaþRliuk9µuU(k�º�R0±�µjT.µU�Rlµ.µuU(kP±t^(iuiknVdµ_·0kniuTWb³dVS³lº5¯�q�°;NfL Q�`(³�kpT_V(³lµ_µuR0X0k>WYV�µ³¾R0±n±�³0^�Vdµ
ktmYkn±�µui³da<Rl¼0V�k�µW¢±�Á�WYV�` ^�±tkn`�ØOTTWY³0V�æ ù�åpç�[�R0V�`¿´Okp±tR0^�T�k]µuU(kÉN;g�Q�å¾±�³ ` k�´�¶¿Ý(^(iuWbUOR}µuR¾a]kni¼dkn`DR}µ9¸(iuknTktV�µ9ÈKWbµU
³0^(i5¯�q�°;NfL Q²`(³�kpT�V(³0µ5±t³0V�TWY`(kti�Rlµ5R0mbm�µU(k;RlV(¼d^(m¢Rli�a]³0a]knVdµu^(aú³lº&knaPWbµ�µukn`<¸ORliµW¢±�mYknTn[�R0V�`<³lº/µuU(k.±t³0a]¸B³0^(V�`
V�^O±�mYktW�M ë ³lµU¾µuU(knTk9º�Rd±�µu³0ijT
Rliuk9knT¸Bkn±�W¢RlmYmY¶ÉWYa]¸O³di�µjRlV�µ
º»³0i.ikpR0±�µWY³0V�TKÈKWbµU�U(knR$·�¶rWb³dV�T�R0V�`¾mbkpTT�Wba]¸B³0iµuR0Vdµ�º»³0i
ikpR0±�µuWb³dV�TÇÈKWbµU%mYWb¼dUdµ
WY³0VOTÇ³0i
¸(iu³lµu³0V�T(1�µU�WYT�È�³d^(mY`rktã�¸�mYR0WbVrÈKU�¶�µU�k>±�³ ` kfÈ5³0iuX TÇÈ�knmbm/WYV¾µU(k�±tR0Tk;³lº�ikpR0±�µWY³0V�T
WbV�`(^�±�kp`Ì´�¶S¸ORliµW¢±�mYknTfRlVO`�mYWb¼dU�µ>RlV�`Ìa]kn` WY^(aôV�^�±tmbknW�´(^ µfº�R0Wbm¢T;WYVÌµuU(k�±tRdT�k]³0º�'_Ú_h=´&M ë knTWY` kpT_µU(k<¸�i³d´(mbkna
³lºKRlV(¼d^(mYR0i;aP³da]ktV�µ^(a¾[�µU(k�±t^(iuiknVdµf·dktijT�WY³0VÌ³lº
N;g=Q�årU�RdTfT�kn·0kniuR0m7a]³dik<` ijR$ÈK´�R0±jX T_iuktm¢R}µkp`Sµu³%WäµjTfm¢R0±jXS³0º
T�knmäºoÁ�±�³dV�T�W¢T�µktVO±�¶ ß T�knk;`(k�µuR0Wbm¢TKWYV¿æ Ô}ç»à�M6½¿kfa<R$¶À±jU(³�³dTk.µ³<^�TkfR]aP³ ` knm&T�WYa]Wbm¢RliÇµu³]µU(k>N;g�Q�åPRl¸(¸�i³�R0±jU�WYV

Å



10
−2

10
0

10
2

LAQGSM+GEM2
GSI DATA

Pr

Gd Tm

208
Pb(1 GeV/A) + 

64
Cu

W Au
Û

10
−2

10
0

10
2

Nd
Tb Yb

� Re Hg

10
−2

10
0

10
2

C
ro

ss
 S

ec
tio

n 
(m

b)

Ü Pm
Dy Lu Os Tl

10
−2

10
0

10
2

Sm Ho Hf Ir Pb

120å 133 146æ
10

−2

10
0

10
2

Eu

130 144æ 158Ý

Er

145æ 161à 177Þ
Mass Number, Aä

Ta

160à 176Þ 192ß

Pt

175Þ 187á 199ß 211ã

Bi

d�egf-h�i8k��¹m npo(qsrut3v6w�x�o(z0o(|ºt(~�~
qs��t3x���v6���¸� � Ç � � v6o(x�x¼x�� ��� w�o�z�x�o3|r�v6o���� ��� x|#v6o�q �6� �}v6��t ��� w�o�z À�� ��� ¢
� ��î8np�Ôt � �è�������8z�� � ~���o�z4�ÌË�~y~����
� wÍv � ~���x*¤W¥�w �6� o���vÎ¦j§5¨���©�ª � ��«pª¬v6��x���~ � x�� o(r-��z � wÍv � ~���x*¤&®

10
−7

10
−5

10
−3

10
−1

10
1

B O

10
−7

10
−5

10
−3

10
−1

C
ro

ss
 S

ec
tio

n �

σ f(m
b)

C F

4
�

8
�

12� 16� 20�10
−7

10
−5

10
−3

10
−1 N

Fragment Mass Number, Af

10� 14
�

18
�

22� 26� 30�

LAQGSM+GEM2
�
GSI DATA
�

40
Ar + 

9
Be

1.05 GeV/A

d�egfuh�i8k��¹m «���r-��v6w�qs��z � t(~ër�v6o���� ��� w�o�z � v6o(x�xÖx�� �&� wyo(z�xè� ê È �|go(v � � o Ñ w�x�o � o�r-��x |gv6o�qÿt �(® È»ï �������8z�� � ~���o�zØî � §Äv¢-��t(q0o(zºt ��� � � t3v6ø�� � �ÌËu~�~���� � wÍv � ~���x*¤ � o�qsr�t3v6���è¥�w �6� o���v¦j§Ä¨���©�ª � ��«Åª¬±v6��x���~ � x±� o�r-��z � wÍv � ~���x*¤&®
µU(k�º»^ µu^(ik�·0kniuTWY³0V�T,³lºÛ³d^(iÜ±�³ ` knTn[Ö´(^(µÜWbµÜa>^�T�µ1´Bk
T�WY¼0V(WbØO±nRlV�µmY¶ k�ã�µuktV�` kp`GRlV�`,º»^(iµU�kti%WYaP¸�i³}·dkn`/M ì.^(i
È�³diX¿³0VÖ¯�q�°;NfL Q RlVO`3Î5g=Q�ålXÌW¢T�V(³lµ�±t³0a]¸(mYk�µukn`P1�È�k
±�³0V�µuWbV�^(kÀµU(knWbi�º»^(iµU(kniP` kn·0knmb³d¸(a]ktV�µ�RlVO`�Wba]¸(iu³}·0kna]ktV�µnM
ë kpT�W¢` kpTÀN;g=Q�å([ÇÈ�k%U�R$·dk%WbV�·dknT�µWY¼dR}µukn`ÛµU(k�È�knmbm
X�V(³}ÈKV
±�³ ` k9N;g=Q%×�¹�×=´�¶rÎ�U�R0iWbµ�¶Sæ ùdê$ç�RdT5R0VrR0mäµuktiuV�R}µuWb·dk�ÈÇR$¶]µ³
` knTu±�iuWb´Bk�¸�i³ ` ^�±�µWY³0V�³0º9·$R0iWY³0^OT]º»iuR0¼0a]ktV�µjT<´�¶ a]kni¼dWbV(¼
N;g=Q%×�¹�×rÈKWbµUG´B³lµuUG¯�q�°;NfL Q RlVO`õÎ5g=Q�ålXB[fR0V�`1È�k
U�R$·0k Rlm¢T�³áµknT�µkp`GµuU(kÛµuU(ktiua]³ ` ¶�V�Rla]W¢±tRlm�ØOTuT�WY³0VÒa]³�`(ktm
´�¶1L�µkn¸�RlV(³}·Ææ ù0ùlç9ÈKWäµuU1WbµuT¾³}ÈKV1¸�R0iuR0aPktµkniWYènRlµWY³0V�T�º»³0i
a]RdTTÒRlV�`é±jUORliu¼0k ÈKW¢`�µU�Tn[�mYkt·0knmäÁ�` knV�T�Wbµ�¶ô¸ORlijRla]k�µuktijTt[
ØOTTWY³0V ´�R0iiuWbkniuTn[��t����"Y[Éa]kni¼dWbV(¼GWbµ3ÈKWbµU ´B³lµuU Î5g=QÌå}X
RlV�`�¯�q�°;NfL Q µ³Ü` kpT±tiWY´Ok ØOTuTWb³dV&M ×�VúR0`(`(WäµuWb³dV&[]È�k
U�R$·0k�T�µuR0i�µukn`�µ³%k�ã�µuktV�`ÛÎ5g�Q�å}X�R0V�`D¯�q�°;NfL Q R0V�`Ìµ³
` kt·dktmY³0¸¿³0^(if³}ÈKVÌØOTuT�WY³0VDa]³ ` ktm�[�RdT;´(iWYk8,O¶SV(³lµukn`¿WYVAæ üpç�M
® U(k
¸(iuktmYWba]WYV�Rliu¶>iuknT^(mbµuT6È5kKº»³d^(V�`Pº»³0i5T�¸ORlmYmYRlµWY³0V&[}ØBTTWb³dV&[
RlV�`Éº»ijRl¼0a]knVdµjR}µuWb³dVÀ¸(iu³ ` ^�±�µjT5º»i³da*Tkt·dktijRlmBikpR0±�µuWb³dV�TÇÈ5k

µknT�µkp`�T³;º�Rli=^OT�WYV(¼fµuU(knTk�Rl¸�¸(i³�R0±jU(kpT6Rliuk
·0kni¶�¸(iu³0a]WYTWYV(¼9RlV�`]È5k
ÈKWYmbmO¸(iuknTktV�µ=³0^�i=iuknT^(mäµjT�º»iu³0aÒµU(kpT�k_T�µu^�` WYknT
WbVrº»^ µu^(ikf¸ORl¸BktijTtM

y��	�l�Bw �Çzb�j�"!l|<���O�

½Ìk>µU�R0V(X%h�iu³lº�MO¹.RlX}Rla�^(ijR�RlV�` Þ ijTtMB×�È5RlµuR�R0V�`%×�ÈÇR0Tkfº»³0i_T�knV�` WYV(¼�^�T.V�^(a]ktiuWY±nRlm�·$R0mb^�knT.³lº6µU�ktWYi.a]knRdT�^�ikp`
V(kt^ µui³dV%T�¸Bkn±�µijR<RlV�`riuknT^(mäµjTK³lº�±nRlm¢±�^(m¢R}µuWb³dV�TÇÈKWäµuUÌ°_Q Þ R0V�`¾Ê
×Î.M ® U(WYT�T�µu^�` ¶rÈ5RdTKT�^(¸�¸O³di�µukn`¾´�¶�µuU(kþ'9MBL"M
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